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Abstract

Information Systems (IS) project management is fundamental to organizations who are
involved in the development of information systems, yet IS projects can fail for any number
ofreasons, and in some cases can result in considerable financial logses for the organisations
that undertake them. One pattern of failure is -hat the IS project taker on a life of its own,
continuing to absorb valuable resources without reaching its chjective, A significant number
of these projects will ultimately fail, potentially weakening an organisation’s competitive
position while siphoning off resources that could be spent developing and implementing
successful systems.

Earned vaue performance measuretnetit (EVPM) is a management technique that relates
resource planning to schedules axd to technical performance requircinents. It is formed on
a platforrn of fiundamental project management, but with earmed value performance
measurement, with its focus being the contineous measurement of actual achievement
against a detailed performance plan, thus providing a basis for problem identification,
corrective actions, and management replanning, whilst providing the information necessary
to be able to predict the final costs and final schedule forecasts for the project.

The purpose of this study is fo highlight the earned value performance measurement systern,

and propose it as an alterative approach that can be used for controlling the IS software
development effort,
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Chapter 1:  Introduction and Background

1.1

Intreduction to the Research Topic

Information systems (IS) project management is a risky business (Mcleod and Smith 1996),
and IS projects can fail for any mrmber of reasons, and in some caseg, can result in financial
losses for the organisations that undertake them (Conway 1996; Keil 1995), Sor many years,
newspapers, journals and books have contained reports of projects that have overspent their
budgets orryvershot their completion dates (Abdel-Hamid and Madniclk 1991; Brooks 1995;
Conway 1406; Ear] 1995; Gioia 1996; Kharbanda and Stallworthy 1983; Lederer and Prasad
1993 a; Sterman 1992; Wall 1988), with some even being abandoned (Ewusi-Mensah and
Przasnyski 1994; Eveusi-Mensah and Przasnyski 1995).

Studiesby the U.S. (fovernment General Accounting Office of nine federal software projects
vahzed at $6.8 million in 1985 indicated that only 2% were used as delivered (Cort 1989).
Anothar study (Parkinson 1991) shows only 8% of systems were used without modification.
“~rnev (1995) quotes an example of the California Department of Motor Vehicles spending
7 years and $211 million on a database redevelopment project before scrapping it. Another
example is the Bank of America’s MasterNet which was prcjected to cost $20 million in
1987, and expanded to cost $60 million before it was abandoned (Garner 1995),

1t is not only total project failures that should be attracting management’s attention. Many
of the successfully implemented projects overrun their schedules and budgets before they
are completed. A study of 8380 projects in government jurisdictions and the private sector
in the United States indicated that 53% of those that are completed cost an average of 189%
of their original estitnates and average only 42% of the originally-proposed featires and
functions, and the lost opportunity costs from project delays and cancellations couid not be
measured, but could easily be in the trillions of dollars, with only 9% being completed on
time and on budget {(Seldon 1996; Treasury Board of Canada Secretariat 1996), Garner
(1995) lists the City of Denver airport baggage-handling software as an example where
delays cost the city about $33 million a month, and stretched for more than a year, This same
project is referred to by Bate et al (1993) as being delayed by 25 months at a cost of $500000
a day.



These are large schedule and budget overruns, and while most IS organisations have smaller
projects, the overruns are still significant. Lederer and Prasad (1993 a) found that three
quarters of all major IS projects in companies costing more than $50 000, substantially
missed their estimates. Keil (1995) states farther:

“While it is difficult to obtain statistics on the actual frequency of IT
failures, various sources suggest that at least half ofall IT projects are

not as successfil as we would like them to be.”

Project overruns, in time and cost are customarily seen as a failure in project management,

De Marco (1982) writes udout such projects:

“So many software projects fail in some way that we have had to
redefine ‘Success® to keep everyone from becoming despondent.
Software projects are sometimes considered successful when the
overrunts are held to thirty percent or when the user only junks a
quarter of the result. Software people are ofien wiiling to call such
efforts successes, but members of our user community are less
forgiving, They know failure when they see it.”



1.2 The Problem

Evaluation of computer-based information systems, is an integral part of the management
control process (Hamilton and Chervany, 1981), yet

*The ongoing evaluation of information system projects, once the projects
are initiated, 1y generally not carded out with sufficient frequency or attention
to detail. In fact, in many inr*»ces, no ongoing evaluation is conducted at
all,” (Remenyi and Sherwood-Smith 1996)

The literature is firll of reasons why projects fail, amongst others:
. Inadequate planning and incomplete requirements

. Poor containment of project scope
. Poor estimating practices
. Fixation on first estimates

. Unrealistic budgets
. Insufficient cost controt

. Insufficient control of activities

. Control is not exhaustive or is infermittent

. Necessary activities overlooked

. Project plans making no allowance for contingencies
. Checkpoints not used to monitor progress

. Performance not adequately monitored

There are other factors, for example, politics, changing technology, environment and
organisational issves, and the economic climate, which are largely outside of the span of
control of the project manager and project team, but which can also play a significant part
in the project overrun, but the management of the project remains the responsibility of the
project manager, (Kharbanda and Stallworthy 1983; Meredith and Mantel 1989).



All projects share one common characteristic - the projection of ideag and activities intanew
endeavours (Lock 1988), and thus the steps and tasks leading to completion can never be
described accurately in advance. Most application development organisations thevefore, have
difficulty in predicting the probable outcome of their ongoing projects, since their project
managers have a limited visibility into the true project status Conway 1996).

By definition, because each project is unique, its outcome can never be predicted with
absolute confidence, and added to this, project managers often submit estimates *hat make
an effort to meet management’s inflexible budgets and deadlines, but which are hopelessly
inacourate, Management must realise that software development is not an exact science
(Gibbons 1995), and that as an estimate is a prediction based on probabilistic assessment (De
Marco 1982), and because software remains largely intangible during most of the
development process (In't Veld 1996), it is difficult for project managers to assess real
Progress on a project.

In most project management systems, there is some ability to determine progress, the most
common method being the “per cent complete™ measure. This is analogous to driving a car
by lnoking in your rear-view mirror. It shaws you what has happened, or where you have
been, but it doesn’t inform you about the concerns that matter, namely, the condition of the

project at time now, and its prognosis for meeting its due date,

Anaother method incorporates the “spend plan™ approach, whereby actual expenditures are
compared against planned expenditures. This {orm of accounting-orientated analysis is
inadequate for the control of project work (Hatfield 1996), as it merely highlights whether
you have spent more or less than you budgeted, rather than whether you are getting the work
expected for the money spent. As Abdel-Hamid and Madnick (1991} state:

= ...because software is an intangible product, i is difficult to evaluate the
status of the intermediate work, and thus often progress is measured by the
rate of expenditure of resources rather than by some count of

accomplishment.”



This approach has no objective relationship to the work that was actually accomplished
{Meredith and Mantel 1989), and to the extent that the perceived progress rate differs from
the real progress rate, an error in perceived cumulative progress will gradually compoua’.
Furthermore, biis, ofien in the form of over-optimism, and delays in gathering and
processing confrol information additionally distorts the reported progress.



1.3 Research Objectives - Towards an Alternative Apprdach

“It is crucial to continuously explore ways to increase the probability of
successful project completion.”
{Globerson 1997)

‘While past history is dismal, without changes, future performance is likely to be just as bad.
Added to this, increasing project complexity has led to the recoguition that management
control on projec.s needs to be improved (Abba 1997), and there is the additional need to
find a method of measuring progress that is less subjective (Sparrius 1996: ¢).

As Earl {1995) states:

“Sorae IS developments qualify as major projects. They are large in work
content, substantial in impact and carry several risks, IT execuiives therefore
frequently call for both better project managers and improved project
management techniques,”

Cost overruns and schedule delays can be avoided if comprehensive planning and control
analyses are performed during the development of the IS application, but where deviations
occur, it is not only critical that they are contained, but more important that they are
signalled early (De Marco 1982).

The primary objective of this research, therefore, is to highlight the earned value project
performance measurement concept within the Cost Schedule Control System Criteria
(C/SCSC) and to propdse it as an alternative method of measuring S project progress. This
technique has largely been restricted to the acquisition of major systems by the United States
(US) government, the US Department of Defence, and the US aerospace industry. Private
industry, has not completely embraced the concept.



The objectives of the research were:

. To conduct a literature review to determine what has already been documented in
relation to eamed value performance measurement and the cost / schedule control

system criteria,

. To propose a theoretical approach for using earned value performance measurement,
ag a means of measuring IS project progress.

To address the problems encountered with IS project progress measurement, the following
hypothesis was proposed:

The earned value performance measurement technique can be used to measure

IS project progress.

To discuss the hypothesis, secondary objectives need to be addressed, these secondary
objectives being;
+  To describe the IS project mansgement process at 2 high level;
»  Toidentify the issues that impact on IS project progress measurement;
*  To describe the earned value performance measurement technique, including:
o  anintroduction to earned value performance measurement
0  asound foundation of all essential principles, features and benefits

o the 'proposed steps required for utilising earned valve performance
measurement on IS projects



1.4

Limitzations of the Research

This study deviated from the usual research undertaken during a dissertation in that it
highlights a project management technique that is currently used mainty by the US
Government and Department of Defence for major acquisition projects. As a result thereof,
the earned value performance measurement technique and cost schedule control systems
criteria (C/SCSC) are not widely documented. That which is documented, concerns itself
with the basic theory and the fundamentals of its application, and therefore the author had
to resort to much of the research taking place on the Internet, by way of world wide web

page searches, and informal discussions using e-mail and discussion groups,

Ag a further result of the topic not being widely documented, the literature review also
differs from the normal review expected in a thesis in that much of the available literature
and references were used as substantiating documentation in the body of the thesis, as
opposed to appearing in the literature review.



1.5 Structure of the Report

The repott is structured &> folic #5:

Chapter I introduces the research fopic, describes the research objectives and declares the
limitations of the research.

Chapter 2 presents a review of the background tesearch and literature upon which this
research report is based, and highlights the issues that impact on IS project progr s

measurement, and the earned value performance measurement technique.

Chapter 3 details the methodology employed, the hypothesis, the cbjectives and the
gathering of data,

Chapter 4 presents a high level description of the IS project management process,

Chapter 5 proposes the earned value performance measurement technique as an alternative
approach to measuring IS project progress.

Chapter & discusses the contribution of this dissertation and implications to researchers

Chapter 7 discusses the conclusion,



Chapter 2: Review of the Related Literature

21

2.2

Introduction

An extensive review of IS and project management literature was conducted to identify what
empirical information was available regarding the issues pertinent to the area of IS project
performance measursment, with the focus being placed on the importance of IS project
management to the success of organisations, issues that have an impact on IS project
progress measurement, and earned value performance measurement, This included an
intensive perusal of primary, secondary and tertiary (Sharp and Howard 1996) sources,

especially US povernment and defence publications, and online sources.

The Importance of Project Management o the Success of
Organisations

“Project management has become today one of the main
organisational activities performed within modern organisations,”
Shenhar et al (1997)

Business is going through a major revelution (Hammer 1990; McFarlan 1990; Drucker
1962; Handy 1994; Remenyi 1995), Added to this, the rate of change in organisations is
increasing, and projects are often the source of these changes. This i turn, has led to a
growing appreciation of the need for a project nanagement culture as business-critical I8

projects have come increasingly under the spotlight.

During these times of change, projects are no longer only being used as a means of
improving efficiencies in organisations, but rather as an enabler of critical business
functionality (CSC Research and Advisory Services 1994). Added fo this, the number of
projects have also increased, as have the dependencies between systems, not only interual

to the organisation, but across organisations.

10



2.3

2.3.1

The principal reason for the development of the project management concépt, organisation,
and specialised, often highly agphisticated techniques, is that the traditional forms of
organisation structure and management techniques do not cope with project-type work
effectively, as Dinsmore (1993) states:

“Execttives face the challenge of adopting new management practices to
meet the demands placed on the business by the changing world. The new
practices must include approaches that provide timely and cost-effective

responses.”

Issues that have an impact on I8 project progress measurement
iS Project Planning

Information Systems (I8) project management is fundamental io organizations who are
involved in the development of information systems, yet IS projects can fail for any number
of reasons, and in some cases can result in considerable financial losses for the organisations

that undertake them.

One pattern of failure is that the IS project takes on a life of its own, continuing to absorb
valuable resources without reaching its objective, A significantnumi.er of these projects will
ultimately fail, potentially weakening an organisation’s competitive position while siphoning
off resources that could be spent developing and implementing successful systems.

The planning of an IS project is fimdamental to the success of a project (Black 1996), but
in many cases, this is overlooked, not applied very well (Kliem 1996), or not enough time
is allocated to the planning process as management “demand” a quicker turnaround or

delivery in line with their management-imposed deadlines,

11



23.2

Inadequate planning increases the likelihvod of project failure (Lister 19§5). Purthermore,

planning is not an easy task and there are many pitfalls along the way that make it difficult

to achieve the project objective. Black (1996) lists some of these pitfalls:

. itig uniikely that the project planners will have a knowledge of all the activities and
resources needed to effect successful project completion

. project planning being done with insufficient data

. project not adequately defined at the beginning

. Iack of clearly defined project goals and objectives

. poor work definition

The project manager must therefore plan his way around the problems that arise and take
remedial action so that the impact on project time-scales and budget is minimised (i.e. risk

management with planned contingencies),

IS Project Estimating

According to Van Der Merwe (1997), the purpose of a project is to deliver beneficial
change, by undertaking a unique scope of work using a project team made up of different
personnel for each project.

The change only adds value if it achieves its quality criteria within its cost and time
parameters, and to user satisfaction, whether it be in the form of increased efficiencies,
gaining an edge over competitors, or complying with legislation, but because the work
undertaken for each project is unitue, it involves a level of risk. The risk is that the change
brought about by the project can cost more than the potential damage cause by maintaining
the status quo, and therefore, a project is enly cost justified if it provides a more effective
solution to eliminate a problem, than to live with,

‘Whatever the intended objective of the project, the vrpanisation needs estimates of the cost
and timescaie for developing the system to assess its net benefit to the orpanisation, and thus
efficient estimating is essential to the initial decision on whether to proceed with the project
or not, If project costs are underestimated, the organisation can be locked into uneconomic

investments, undertake the wrong project, or “run out” of funds, and when project costs are

12



ove_r&stimated, these projects may be declined, with the associated loss of" potential benefit
to the organisation, yet

“An estimate is the most optimistic prediction that has a non-zero
probability of coming true.”
(De Marco 1982)

De Marco (1982} suggests that an estimate is a prediction that is based on probabilistic
agsessment, i.e, a predicted valve and a range of unce:t=nty about that predicted value
(Saker 1990). Chapman and Turner {(1995) add to this by stating that estimates are a form
of mid-range value, which can almest be guaranteed to be different from the estimate,

Saker (1950) adds further that:
*.. the estimating process is, itself, franght with difficulties.”

I8 development is not an exact science (Paut 1995), and therefore a project that is completed
according 1o its first estimate is the exception rather than the rule, because of many factors,
not the least of which iy the lack of information at the early stages of the project life cycle
on which to base an accuzate estimate (Turner and Remenyi 1995). Yet the IS project
manager is expected to commit to a delivery date and cost at the beginning of the project,
to get the project anthorised, and these figures usuzally become the de facto cost and date
(fixation on first estimate), usuaily resufting in unrealistic expectations, project cost

overruns, missed deadlines and failed projects,

As IF projects are not mechanistic {Turner and Remenyi 1995), and until the design has been
completed, only imprecise estimates of project costs can be made, and therefore the

be several estimates through the life of the project, each of which is subject t-.. . .ol
uncertainty which declines as the project progresses and more information becomes

available (see Figure 1).

13



2.3.3

The range of unceriainty varies according to the stags of the project af

which the estimate iz made.
)
: T
E \>
g /
3 /
/
Initlation Analysla Design Construction

Stage
Figure 1 Range of Uncertainty (Saker 1990)

Estimating is also important throughout the life of' the project to evaluate proposed changes,
alternative methods of carrying out the work, and as a basjs for effective cost control.
Without a good estimate with which to construct the budget, there is no reliable baseline for
evaluating performance. This is confirmed by Lederer and Prasad (1993 b) who allude to the
estimate being used as a control standard in system development,

Software programming, unlike the construction business, is a creative effort, and without
tangible evidence of progress, it is difficult to estimate how much effort is required to
accomplish the entire task, and how much effort is required to complete wha is left.

Scope Creep

As stated previously in this study, many projecis are either late or never reach completion.
One of the reasons for this is “scope creep”, which results when significant application
changes are made, after the systems 1equ ' rements have been defined, and after development
has started (LaPlante 1995). Thishasdi. . - .- .1s consequences to both the project budget and
schedule, resulting in higher costs anv st delivery (Gioia 1996). Kerzner (1989) wams that
a minimal number of projects are completed within their originel scope, that scope changes
are inevitable, and that they have the potential to destroy not only morale, but the project
itself, and therefore they must be kept to a minimum.

14



2.3.4

This often oceurs as a result of “the users not knowing what they want until they’ve got it”,
McCracken and Jackson (1986} back this up by stating that system requirements can never
be stated fully in advance, not even in principle. Rowen (1990) confirms this by stating that
software requirements will always be incomplete when first received.

Project managers must guard against “scope creep™, and where it is impossible for it to be
eliminated, change and risk management techniques must be utilised to manage the impacts
to the project budget and schedule.

IS Project Risk

“Software risk management is a discipline whose objectives are to identify,

address and eliminate software risk items before they become either threats

to successiul software operation or major sources of software rework.”
(Boehm 1987)

IS software development projects are plagued with unanticipated problems, which result in
missed deadlines and budgets that are exceeded, and therefore risk management is an
integral part of project activities (Kulik 1997). Often, these problems cannot be totally
eliminated, but they can be controlled by using preventative actions, and risk management
is the area of project management that deals wiih these threats before they occur.

Risk eriginates from the project life cycle and resulis in an increase to the project’s duration,
cost or both, and therefore the concept behind risk management is to avoid the impacts, or
as a minimum, to ensure that contingencies have been identified to reduce the effects (Van
der Merwe 1966)

“Project risk management includes the processes concerned with identifying,
analysing, and responding to project rigk, with the intention of maximising
the results of positive events and minimising the consequences of adverse
events.”

(Project Management Institute Standards Committee 1996).

15
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\x Drive the tisk down!

Risk

I.awtflhk,'

Tine ——=

Figure 2 Drive the risk down (Buttrick 1997)

Looking at Figure 2, the start-up phase of the project is crucial, as the project should not
continue until the risks have been eliminated or contingencies have been identified (Buttrick
1957), bui since projects are never static, risk management should be performed ona regular
basis throughout the project. As the project moves through the life cycle, and as more
information comes to the fore, the probability of occurrence of the identified risks will
chauge, newrisks may be identified, predetermined risks may be eliminated, and the impacts
to the project will also change, Project managets can minimise project risk by ensuring that
the right level of project planning and control are carried out (See Figure 3).

- =
L
Take corrective Measure progress
action Reforacast
A
[identlfy lssues
&risks ¢

Figure 3 Project Control Cycle (Butirick 1997)
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2.3 .5

Technical risks have been identified by the US Department of Defence (Df)D) as one of the
major causes of praject failure as reported by Van Scoy (1992), whilst other studies suggest
that projects fail managerially, not technologically (Boehm 1991; Phan et al 1988).

Failure to properly assess the risk of the project and identify contingencies, can lead to
project failure, and therefore project risk analysis is an essential part of project planning,
Hamburger (1990} describes contingency planuing in terms of budget, schedule and
technical contingencies, and states:

“,.. the perfect plan is not possible, and [therefore] contingencies will be
needed to acepunt for the arrors, omissions and uncertainties that affect the

accuracy of the plan.”

Willcocks and Margetts (1994) discuss the lack of an anticipatory mode of thinking about
risks by IS personnel. Risk management must not be a “one-time affair”, because as the
project progresses through the life cycle, and tecanse the project progresses in a dynamic
environment, project risk management should continue throughout the project.

IS Project Cost

Failure to contain costs can [ead to project failure (Black 1996). This usually occurs as a
result of scope creep. The further the project is into the life cycle, the more the potential

exists for cost ¢verruns when changes to the scope are requested.

If a project is to be financially controlled with any degree of success, three factors must
assume major significance in the considerations (Lock 1988). These are the budgets, the
costs incurred, and the progress achieved in relation to these costs. A knowledge of the
budgets and the costs by themselves will be of no use at all unless the corresponding

progress can be gauged.

17



2.4 FEarned Value Performance Measurement

“The use of performance measures in business is hardly new. Companies
have been measuring costs, quality, quantity, cycle time, productivity, etc.,
of products, services, and processes as long as ways to measure those things
have existed.”

U.S. Department of Energy (1995)

Earned valus performance measurement is the concept used to represent physical progress
achieved in relation to cost and schedule performance by means of introducing the
calcujation of earned value (Association for Project Management 1997},

According to Humphreys and Associates (1996), the earned value concept has been an
essential requirement applied to major projects since the 1960's by the U.S. Department of
Defence, Energy, Transportation and the Treasury.

Hatfield (1996) calls it the most important of cost management tools, to the extent that he

suggests that there is no cost management without earned value,

Earned value calculations provide visibility fo the critical project areas that need further
attention, and provide & clearer picture of the viability of the project than just looking at the
budgets and actuals (Singletary 1996},

The earned value performance measurement technique method provides the project manager
with an esgential tool in organising, planning, and “statusing™ the project in a diseiplined,
effective manner. Key benefitsare visibility into the true progress of the project work against
the baseline plan (Fleming 1995; Harroff 1995; Sparrius 1996: a), projections of expected
project schedule and cost, and the ability to take timely corrective action when necessary
{Hatfieid 1996; Humphreys & Associates 1996; Project Management Institute Standards
Committee 1996; Sparrius 1996: b).

18



Pinto (1997) goes so fai 4s to state that all projects encounter problems, and that it is ouly
the extent of the problem that is different. A sign of a good project manager, is how quickly
he brings the project back on course. As early as fifteen percent through a project, the
petformance accomplishments achieved, and the actual cost performance efficiency factors
can be vsed to predict the final project costs, and thus earned value provides the project
manager with an “early warning sipnal” as early as 15 to 20 percent into the project (Fleming
& Koppelman 1996), in time to take corrective actions whenever there is a deviation fiom
the plan, thus creating the opportunity for the prevention of a forecasted unfavourable
outcome, and therefore the benefits to project management of the earned value approach
come from the disciplined planning conducted and the availability of metrics which show

real varianceg from plan in order to generate necessary corrective actions.

Its use on commercial projects has also increé\sed, as have the benefits, from using earned
value in a performence-oriented approach to project management. According to Abba
(1996), government and industry standards in Augtralia, Canada, Sweden and the United
Kingdom incorporate the earned value performance measurement system. Non-defense
agencies inclhuding NASA, Internal Revenne Service and the Federal Bureau of Investigation
apply the same concepts. The Office of the Federal Procurement Policy has drafted
guidelines that make earned value management mendatory for non-Defense information
technology contracts, and in addition, U.S. and foreipn industry increasingly use earned

value for commercial project menagement in the absence of any government requirement,

As the final confirming “cherry on top™, and as a statement of its acceptance as 2 valid and
worthwhile project management technique, the earned value performance measurement
technique has been incorporated in both the PMBOK (Project Management Body of
Knowledge), and the British Guide to Project Management (BS 6079 : 1996).
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2.5

Summary

Organisations are changing, and projects are being used as the means of implementing this
change, in a timely and cost-effective manner, Yet there are many issues to consider when
managing projects, and these issues must be successfully managed if the projects are to be
impiemented on time, and within the schedule and budget constraints.

The earned value performance measurement technique is a technique that the project
manager can utilise to determine the status of the project as it progresses through its life
cycle, and when there is a deviation from the plan, the project manager can take the
necessary comective actions, thus incrensing the likelihood of attaining project success.
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Chapter 3: Research Method

Being employed as an IS project manager in a large financial institution, and having
experienced many of the aforementioned problems associated with IS project management,
it is the opinion of the author that well-researched and frequently-used project management
techniques exist in the available literature to counteract said project management problems.

Whilst surveyiny the literature on project management in the military and aerospace
industries, the author discovered material relevant to the earned value performance

measurement techaique, which in turn, became the basis for this research report.
Sharp and Howard (1996) define research as:

"Seeking through methodical processes to add to one’s own body of
knowledge and, hopefitlly, to that of others, by the discovery of non-trivial
facts and insights.... the purpose of which is to review existing knowledge,

to describe so:ne situation or problem, ... , or explanation."

The research methodology refers to a procedural framework within which research is
conductey, and provides a guideline rather than .- preseription as to how the research should
be carried out (Remenyi and Williams 1995),

According to Bailey (1994), there are a variety of approaches in performing research, with
each particular research study being unique in some ways because of the particular time and
place in which it is conducted. Nevertheless, all research projects share 2 common goal of
furthering our understanding, and thus share common basic stages, although there may be

some variation in the specific detals of these stages.
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To achieve this study’s objectives, the following activities were undertaken;
. Define the research prokiem
. Define research’s purpose
» To propose a theoretical approach for using earned value performance
measurement, as a means of measuring IS project progress,
. Define research’s specific objectives
«  To describe the IS project management process at a high level;
¢ To identify the issues that impact on IS project progress measurement;
»  Todsteoribe the earned value performance measurement technique, including:
* an introduction to earned value performance measuremant
+ a sound foundation of all essentia] principles, features and benefits
« the propesed steps required for utilising earned value performance
measurement on IS projects
. Review relevant literature
Literature related to the research was retrieved and reviewed to satisfy the objective
of building up a comprehensive understanding of IS project management and its
associated problem areas, earmed value performance measurement and the

cost/schedule control system criteria.

In reviewing the relevant literature, several avenues were explored:

¢  Academic literature searches were undertaken of several libraries,

»  Informal discussions were held with project managers from First National
Bank, and other South African institutions,

=  Online literature searches were undertaken on the Internet, but focussed
primarily on U.S, government and military sites, as they were deemed to be the
prime users of the eamed value performance measurement technique.

»  Informal discussions were held in the various project management forums and

discussion groups on the Internet.

This wide variety of information sources ensures that the review represents earned
value's place in all the aspects ¢4 IS literature with the greatest possible degree of
accuracy. In this field, journals are already being replaced by on-line 'electronic’
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Jjournals and interactive discussion groups are pushing the frontiers (':funderstanding,
outward at a frightening rate. No review can hope to represent reality here in a
complete form, but an interpretivist approach to the existing media can offer a
starting point to all researchers looking for an understanding of eamed value's
contextual placement.

Formulation of a theoretical approach (framework) for using eamed value
performance measurement, as & means of measuring IS project progress.

Remenyi and Williame (1995) state:
"Some research studies stop at the stage of theoretical conjecture,
perhaps having developed some hypotheses... It is argued that at this
stage a contribution has already been made to knowledge and this may
well be so,"

Remenyi and Williams (1995) siate further:
".... there is frequently scope for modelling..., [and] .. in this context,
modelling refers to the creation of simplified abstractions of reality
which capture the critical or key features of the situation, The use of

models to consider various scenarios is a very powerful approach....."

In line with Remenyi and William's thinking, the structure of this report proposes
a hypothesis, and concerns itself with the development of a theory, without
attempting to prove it in practice. It does not seek to evaluate the merits of earned
value performahce measurement, but rather to formulaie a theoretical framework or

model with which to perform earned value performance measurement.
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Chapter 4: The IS Project Management Process

4.1

Intreduction

Turner (1993) defines a project as;
“An endeavour in which human, material and financial resources are
organised in a novel way, to undertake a unique scope of work, of given
specification, within the constraints of cost and time, so as to achieve
beneficial change defined by quantitative and qualitative objectives.”

The Project Management Institute Standards Committes (1996) defines project management
as:
“The application of knowledge, skills, tools, and techniques to project
activities in order to meet or exceed stakeholder needs and expectations from
a project.”

Project management is a closed loop control process in which the plan forms the input to the
process, the process is that which executes the plan and the output is the product of the
project. To control the outputs, measurements must be taken, not just of schedule, but also
of scope, cost and quality. Without a baseline, these measurements are meaningless. Only
with the predetermined objectives established in the baseline, can the control process
effectively identify deviations from the plan and initiate action to correct those deviations
in order to keep the project on track.

The Project Management Institute Standards Committee (1996) describes the five processes
used in project management, namely: Initiating, Planning, Executing, Controlling and
Closure, with each process being decomposed into a number of funetions which together

make up the process.
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4.2

4.3
4.5.1

Inifiating Process

Initiating a project is the process of formally recognising the need for the project, implying
that there must be a business need and justification for the project, Project evaluation and

gelection is the process of evaluating individual projects or groups of projects, and then
choosing to implement a set of them so that the objectives of the organisation will be

achieved, Selective numeric and non-numeric models are used by organisations when

choosing between prajects, Organisations use both at the same time, or a combination, and
according to Meredith and Mantel (1989), the following models are in use:

Non-numeric models:

the sacred cow - the project is suggested by a senior and power™| official in the
orgenisation

the operating neceasity

the competitive necessity

the product line extension

Numeric models:

paybauk period

average rate of return

discounted cash flow

internal rate of return

profitability index (also known as the cost-benefit ratio)

Project Planning

The purpose of planning

The plan is an estimate of reliable costs and expected completion dates for IS systems

development activities require prediction right from the beginning of the project (Yeates

1986), and thus becomes the essential foundation for any effvctive project control function.
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Duffy and Assad (1980) state that;

“Planning is one of the basic fimctions of management, It complements
another basic management function « control. The one canmot be effective
without the other,”

Kerzner (1989} defines the most important responsibilities of a project manager to be that
of planming, integrating and executing plans, and describes planning in a proiect
environment as establishing a predetermined course of action within a forecasted

- environment.

The planning process defines the actions and activities, the time and cost targets, and the
performance milestones which will result in the successful achievementi of project
objectives. Without a detailed plan, there is no basis for comparison, no determination of
deviation, and hence no satisfactory basis for corrective action or redirection. Furthermore,
without substantial planning, it would be impossible to estimate the number of days of
development effort that will be required to complete the project nor make any determination
of the maopower, equally, it will be impossible to make any assessment of work schedules
50 as to predict a likely completion date, and thus planning needs to be organised, logical,
sfficient 2nd thorough (Wall 1988), and all aspects of the project must be considered in
sufficient detail to ensure that all potential and foreseeable problems are considered.

Looking at Figure 4, (the basic feedback loop of control), replanning is an inherent part of
coping with the changes that occur during the lifecycle of a IS project, and the plan must
reflect these continual changes (Yeates 1986), thus planning must be understood to be an
activity that doesn’t occur in isolation. It is an iterative process with the activities requiring
constant refinement as the project progresses.
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Figura 4 The basic feedback loop of control (Meradith & Mantel 1989)

4.3.2 The Project Planning Process

The critical starting point for any project is & unique, tnambiguous statement of work
(SOW) containing the prime goals the project is seeking to achieve, and the objective criteria
for suc cess (CSC Research and Advisory Services 1 394). The SOW commumicates the work
scope requiremnents for a project, and should define the project requirements to the fullest

extent practical as it is a basic element of control used in the processes of work assignment
and the establishment of project schedules and budgets.

Starting with this statement of work, performance standard specifications and associated

documentation, the project plan is achieved by:

-

determining what is to be done and translating it intc a work breakdown structure
establishing a project team hased on the major tasks

coupling the tasks and resources

creating key planning and control documentation, for subsequent derivation of
schedule and cost criteria

developing an event-logic network which is then translated into a schedule (and
takes into consideration the resource constraints and other project priorities)
establishing the manpower and facilities requirements by task - from these factors,
task cost estimates are developed into a budget for project control
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4.3

4.4

“The most succeseful project managers are those who take painstaking
trouble to understand all aspects of the projects they control, plan their
strategy meticulously, and follow through by carefully monitoring and
controlling [all project activities]™.

(Lashbrocke 1994)

Project Ex xcution

Project execution nniails execuiing the project plan by performing the activities included

therein.

Preject Control

Control provides the project manager with the tools for determining whether the project
team is proceeding toward the planned project objective, and is the process of establishing
targets and plans, doing the work, measuring actial performance, comparing actual
performeice against planned, and taking any neceesary attions to correct tiie situation, ie,
the ability to initiate action which allows the plan to be adjusted in pursuit of the project
objectives (Wall 1988), Often project managess pay lip service to control whilst carrying out
amonitoring fur. .on, and even though monitering techniques do raise red flags when used
during project :xecution (Oosthuizen 1994), this is the difference between a dynamic
forward-lc oking approach and a passive assessment of past history {Kharbanda &
Stallworthy 1983).

Cost control is the work done to ensure optimal utilisation of funds and other resources
available to the project, to ensure that the project is completed within the budgeted cost, and
to ensure that the indicated end-of-job cost of the project is up to date at all times (Louw
1995),

Only current or future activities can be controlied, and thus deviations from plan must be
identified as 2arly as posstble and corrective actions acted on immediately, The earlier these
deviations can be forecasted in the development stages of the IS projact, the more likely it
is, that changes needed to facilitate a successful system can be made (Szajna and Scamell
1993).
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4.4.1 Prerequisites of a control system

The requirements for an effective control system encompass:

thorough planning

good estimating

a clear project scope

& disciplined budget

timely accounting

periodic re-estimation and replanning

frequent comparison of planned versus actual and projected outcomes

The sophistication of the control system depends on the complexity of the project and the
ability of the participants to administer i, however, certain basic condjtions must be met in
order to have a workable control system (Cleland & King 1983):

It must be understood by those who use it and obtain data from it.

It must relate to the project organisation, since organisation and conirol are
interdependent, neither can function properly without the other,

It must anticipate and report deviations on a timely basis so that cotrective action can
be initiated before more serious deviations can occur.

It must be economical, 5o as to be worth the additional maintenance expense.

It should indicate the nature of the corrective action required to bring the project in
line with the plan,

It should reduce to a langrage (words, pictures, graphs) which permits a visual

display that is easy to read and comprehensive in its communication.

“You can’t control what you can’t measure.”
{De Marco 1982)

Kerzner (1989) discusses a three-step process o conirolling the project:

Measuring progress towards the objective,
Evaluating what still needs to be done.
Taking the necessary corrective action to achieve or exceed the project objectives,
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4.5

4.6

Project Closure

This is the last stage of the project and is used to conclude the work on the project. The
requirement definition is used to verify whether the user’s requirements were mei, lessons
Iearnt are documented, and the success or failure of the project is discussed / debated, and
thereafter the project team is disbanded,

The Project Life Cycle

All projects have a life cycle (Morris 1988). The project life cycle is the sequence of phases
through which a project will pass from its conception to its completion (Association for
Project Management 1997, McGettrick 1996), and is a term which describes the setting out
in an ordered manner of the activities that combine to make up the project and also
establishes the transition criteria to progress from one phase to the next (Turner 1993).

There are a number of life cycle models used in IS development, with each having unique
characteristics which make it more or less suitable for a particular application, amongst
others:

. ‘Waterfall model

. Modified waterfall model

. Prototyping

. Boehm's spiral model

. Object-oriented analysis

Knight, Schroder and Walker (1992), MclLeod and Smith (1996), and Turner (1993) provide
descriptions of some of these models. Projects are often organized around the life cycle
chosen and thus this is a contextual factor that must be taken into consideration when

determining the project management practices used.
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Fignre 5 The Waterfali 2 Life Cycle (Tumer 1993)

One of the life cycle models most commonly used in the IS industry is the waterfall model,
or modifications thereof (as depicted in Figure 5), but generally the software development
cycle can be divided into the following phases:

Requirements analysis and specification
¢ Feasibility study

»  Requirements analysis

*  Requirements definition

*  Requirements specification
Design

Code & umit test

System testing

Integration testing

Acceptance testing
Implementation

Maintenance

Most software life cycles are phased processes with clearly identifiable goals, milestones,
deliverables and tasks, with each task being piven a duration and resource responsibility. The
phases do not happen discretely, but often partially simultaneously, with overlaps between

phases being a common occurrence.
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4.7

Inthe early phases of the project life cycle, it is not unusual for the final costs and durations
of the project to be underestimated by over 50% (McGettrick 1996), as a result of, amongst
others, over-optimism (especially in the early stages of the project), 2 lack of information,
incomplete design, or questionable estimating methods. The project life cycle thus becomes
an integral part of project planning and control because it shows systematically what
processes are needed to execute the project (Duffy and Assad 1980), and as the project
progresses through the life cycle, the guality of the information improves in both detail and

accuracy.

The ever-present goals of meeting performance, time and cost are the major consideration
throughout the project’s life eycle, and thus as the project life cycle srogresses, the cost, time
and performance parameters must be managed, and this involves the continuous replanning
of the as yet undone work in light of the emerging data on what has actually been
accomplished (Cleland & King 1983).

Summary

This chapter introduced the concept of a project and described the five processes used in
project management, namely: Initiating, Planning, Executing, Controfling and Closure. In
addition, it introduced the project life cyele concept, which is the sequence of phases through
which a project will pass from its conception to its completion.
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Chapter 5: Earned Value Performance Measurement

5.1

Intfroduction

Earned value concepts embody the essential features of an effective performaunce
measurement system based upon sound management principles (Humphreys & Associates
1994), and is an objective measure of how much work has been accomplished on a project
(Harroff 1996), i.e. a measure of the value of work performed, and improves on the
“normally used” spend plan concept (budget versus actual incurred cost) by requiring the
work in progress to be quantified. b

Earned value uses the original estimates and project progress to date to show whether the
actual costs incurred are on budget (Microsoft Corporation 1995), All work is planned,
budgeted, and scheduled in time-phased “planned value™ increments, constituting a
performance measurement baseline (Abba 1997). As work is performed, it is “earned” on
the same basis it was planned, in rands or other quantifiable units such as labour hours,
Planned value compared with earned value thus measures the rand volume of work
performed versus the equivalent rand volume of work accomplished, and any difference is
called a schedule variance. Eurned value compared with the actual cost incurred for the work
performed provides an objective measure of cost performance, and any difference is called

a cost variance,

The essence of earned value management is that at some level of detail appropriate for the
degree of technical, schedule, and cost risk or uncertainty associated with the project, atarget
value (i.¢. budget) is established for each scheduled element of work. As these elements of
work are completed, their target values are "earned". As such, work progress is quantified
and the earned value becomes a metric against which to measure both what was spent to
perform the work and what was scheduled to have been accomplished.
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Schedule variances, which cannot be seen in a stand-alone budget versus actual cost tracking
system, are isolated and quantified, and the cost variances are true cost variances that are ot
distorted by schedule performance, This provides for early identification of performasce
trends and variances from the management plan, and allows management decision making
while there is adequate time to implement effective corrective actions, Without earned value,
one can only compare planned expenditures with how much has been spent, which does nat
provide an objective indication of how much of the planned work was actually

accomplished.

For the benefits of earped value to be fully realized, thorough plarming, combined with the
establishment and disciplined maintenance of a baseline for performance measurement are
needed. The combination of advance planning, baseline maintenance, and earned value
performance measurement yields earlier and better visibility into project performance than
is provided by non-integrated methods of planning and control.

According to Muir (1996), uses of earned value data include:
. the ubility to corroborate progress data from other performance indicators
. the ability to predict (by graphical or algebraic means) future performance or

milestone achievement

. the provision to trigger claims for payments by contractors working on the project.
or to organisations performing outsourced software development

. the ability to substantiate claims for payment

. the provision of an indication of future cash flow requirements

. the provision of data that forms the base for the Estimate at Completion (EAC)
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Wolfaard (1996) lists the following advantages in using earned value:

itis a scientific technique to quantify the project’s progress in terms of cost :nd time.
it provides an overall view of the project’s status; it relates current cost and schedule
variances with each other and with a base plan.

cost and schedule variances are both expressed in monetary terras, thus
accommodating ease of interpretation.

cost and schedule variances are based on the same data thus eliminating the
duplication of data input and processing.

it provides a basis for cost / time analysis (trade-offs),

Impediments to earned value performance measurement include:

L]

incomplete or data that is received late - ensure that all cost and manpower data is
received timeously

unreliable data - ensure that the data is correet, and that the old adage of “garbage in,
garbage out” does not apply to the earned value performance measurement procesy
inadequate schedule reports - good, consistent and integrated schedules confirm
earned value performance measurement data, while the absence of schedules may
indicate a lack of control or inadequate planning

inconsistent data - reports should be consistent with both previous and subsequent
reports, and with reports from other sources
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6.2

Historical Overview

An important element in successfil project management is the effective control of cost and
schedule aspects of the project. In 1967, the US Department of Defence (DoD) embarked
on a new course for contract performance management when it issued DoD Instruction
7000.2, Performance Measurement for Selected Acquisitions. This instruction prohibited
imposing unique management control system requirements on contracts, and instead, it
required contractors’ management control systems on major coniracts to meset certain
minimum standards, called the Cost Schedule Control Systems Criteria (C/SCSC) . The
criteria embodied the earned value concept of performance measutement, a methodology for
objectively measuring how much contract work had actually been accomplished as opposed
to the budget versus actual (spend plan) technigue commonly used at the time, At the same
time, the Cost Performance Report (CPR) was developed to report the output from the
criteria-compliant systems. These tools, the C/SCSC, earned value and the CPR, gave
government managers the means to ensure consistent management of and visibility into cost
and schedule performance on major contracts, and provided a means of keeping the ever
escalating cost overruns on projects under control,

According to Abba (1996), the objectives of the C/SCSC policy were:

. to allow an organization to monitor the cost and schedule performance of work being
done on its behalf

s for contractors to use effective internal cost and schedule managoiuent control
systems

» for the US government to be able to rely on timely data produced by those systems
for determining project status.

The C/SCSC consist of a set of 35 criteria (See Appendix 1) for measuring the adequacy of
management control systems through, amongst other things, the application of earned value
analysis concepts. These criteria define not how a project must be managed, but rather the
minimum requirements of an integrated cost and schedule management control system

{(Abba 1997), and are organised in 5 parts:
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. Organisation - definition of work, company organisations and the delegation of
authority and responsibility (i.e. the integration of people and work)

. Planning and budgeting - scheduling of work, establishment of budgets and methods
{0 measure achievement and the development of a baseline ugainst which to measure
project performance

. Accounting considerations - recording costs at the appropriate levels and the ability
to summarise them by relevant caregory and element

. Analysis and management reports - performance measurvement and the utilisation of
this information within the company and in reports

. Revisions and data maintenance - maintaining the integrity of the baseline, and the
timely incorporation of changes to the project

The criteria also introduced the sarned value management technique to the DoD (Abba
1996); the C/SCSC require that actual work progress must be quantified through earned
value, which is an objective measure of how much work hag been accomplished on the
nroject. Without eamed value, one can only compare actual expenditure against planned
expenditure with no objective indication of how much of the planned work was actually
accomplished (Harroff 1995). The criteria require the contractor to plan, budget, and
schedule work in time-phased, planned-value increments which constitute a performance
measurement baseline (time-phased budget), Planned value, earned value, and actual cost
data thus provide an objective measure of performance (Pele 1996), enabling trend analyses

and evaluation of estimates of cost at completions,
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6.3

The Earned Value Performance Measurement Technfque

In using the earned value performance measurement technique, the project manager has to

provide, among other itetms, the following:

A schedule of authorised work which describes the sequence of work and identifies
the significar. activity interdependencies required to meet the objectives of the
project.

Identification of physical deliverables, milestones, technical performance goals, or
other indicators that will be used to measure output, i.e. tangible evidence of
achievement (Parkin 1980).

A time-phased budget baseline at the activity level against which project
performance can be measured.

Budgets for all authorised work with separate identification of cost elements {e.g.
labour, materials, equiprent, etc).

An organjgational breakdown structure,

Although the earned value performance management guidelines consist of 35 criteria (See

Appendix 1), it is the opinion of the author that the formal process is too complex and time-

consuming, and offers this as the reason why the earned value performance measurement

technique has not been embraced by the private sector in measuring IS project progress.
This is confirmed by Fleming and Koppelman (1996} who state;

“.... It is our belief that earned value has been overlooked, sometimes even
flatly rejected by project managers because the technique has been encased
for the past three decades in countiess non-value added regulations and

esoteric interpretations of project requirements.”
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Using the 35 criteria as a guideline, the author thus proposes the following steps as are-
engineered eamed value performance measurement process as an alternative approach to

measuring progresy on IS projects {See Figure 6):

Scope the project

¥

Plan and schedule
the project

<
Estimate and budget
project resources within
control accounts

[ 2

Establish the project
baseline
Y

WMonitor performance
against the baseline

¥

Forecast the final cost
and schodule results

Figure § The re-engineered earned value
performance measurement process

5.3.1 Define the scope of the project using a work breakdown structure - the requirement
definition for the project should reflect all work to be accomplished.

5.3.1.1 Establish the work breakdown structure - the work breakdown structure
(WBS) is the ouiput that emanates from ‘he scope definition, and defines
the total scope of the project, with anything not included in the WBS being
out of scope. Establishing the WBS provides the structure for the
scheduling and budgeting process.
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Tke underlying philosophy of the WBS is to break the r:lruject down into
work packages which are assignable and for which accountability can be
expected {Cleland & King 1983), The WBS divides the overall project into
elements that represent assignable work units, These elements are fucther
qubdivided into tasks that are capable of being assigned and accomplished
by an organisational unit or individual. The lowest level of the WBS
becomes the unit around which project planning, organising and control
can be carried out, thus making each work package a performance-control

element.

Work packages are natural subdivisions (i.e. a low-level task or job
assignment) of the project plan and constitute the basic building blocks
used in planning, controlling, and measuring project performance. It
describes the work managed by a specific performing organization and
serves as a vehicle for monitoring ar: reporting work progress, and has the

following characteristics:
+  awork package represents units of work at the levels where the work
is performed

»  awork package is clearly distinct from all other work packages, and
is assignable to a single organizational element (individual or
workgroup)

« & work package has scheduled start and completion dates (with
interim milestones, where ar plicable) which are representative of
physi.al accomplishment

»  awork package has 2 budget or assigned value expressed in terms of
rand, labour hours, or other measurable units

+  the duration of a work package is relatively short unless the work
package is subdivided by discr te value milestone. which allows for

the ohjective measurement of work performed



53.1.2 Assignorganizational responsibility - create the organizational breakdown
steucture (OBS) which reflects the way the project is functionally
organized,  When assigning work responsibility to appropriate
organizationa) elements, the WBS and organizational structure must be
interrelated with each other such that organizational responsibility can be
established for identified units of work. The assignment of lower level
work segments to responsible lower leve] managers provides a key control
point for management purposes and cost collection, This is called the
control account (CA),

5.3.2 Plan and schedule the wotk for the project to completion - the scheduling process
defines the schedule hierarchy that must be established to ensure proper, effective
planning and statusing of ull effort on the project. Successful management requires
the integration of the technical, schedule, and cost aspects of the project, Schedules
that result from this infegration show the planned time required to accomplish the
technical scope of the project. When projects experience problems in technical
performance, either schedule delays, cust problems, or both may follow. An
adequate scheduling system will facilitate the depiction of the plan to accomplish the
technical scope, the actual technical progress against that plan, and estimates of the
time required to complete the remaining technical scope. The schedule baseline,
progress, and estimated time to complete all should readily integrate with the
financial depiction (budgets, earned value, and estimated cost to compleie) of the
techhi.al scope.

The scheduling system should contain a master schedule and related subordinate
schedules which provide a logical sequence from the detail to the summary level,
The scheduling system must also provide for the identification of interdependenicies
between organizations and/or WEBS eletnents at the level appropriate for efficient
project management. Schedules and budgets should be established and approved for
all autherized work at the level determined most appropriate by the project managet.
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A schedule is the conversion of a project action plan into an operating timetable, and
as such, serves as a fundamental basis for monitoring and controliwg project activity,
and is typically based on the previously determined WBS.

Various scheduling techniques are used, amongst others Gantt or bar charts, critical
path method (CPM), programume evaluation and review technigue (PERT),
precedence networks, activity-on-arrow networks (Qosthuizen 1994; Project
Management Institute Standards Committee 1996). These network plans represent
projects in terms of the interrelationships among project elements. These pictorial
displays graphically portray the sequential relations between the tasks in the project.
Tasks that must precede or follow other tasks are then clearly identified, in time as
well as function. Defining the network, identifying the dependencies, and estimating
the activities all force a great deal of very specific planning very early in the project
(Brooks 1995), and has the following benefits;

. it is a consistent framework fur planning, scheduling, monitoring and
controlling the project

. it illustrates the interdependence of all tasks, work packages and work
units

. it aids in ensuring that the proper communications take place between
departments and functions

. it determines an expected project completion «\ate

. it identifies critical activities, which if delayed, will delay the pruject
completion time

. it also identifies activitiss with slack that can be delayed for specified

perioda without penalty, or from which resources may be *emporarily

borrowed

. it determines the dates on which tasks must be staried if the projeet is fo
stay on schedule

. it illustrates which tasks must be coordinated to avoid resource or timing
conflicts

J it also illustrates which tasks may be run in parallel to achieve the

predetermined project completion date
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5.3.3 Estimate and budget project resources within control accounts - the project budget
is a time-phased, detailed financial plan that is integrated with the project plan, and
denotes the expenditure for each time period for each activity in the worlc breakdown
structure. The project budget is not only one facet of the plan, but also a control
mechanism for the project. It serves as a standard for comparison, a baseline from
which to measure the difference between the actual and planned use of resources,
and ag the project manager directs the deployment of resources to accomplish the
project work packapes, resource usage should be monitored carefillly. This allows
deviations from planned usage to be checked against the progress of the project, and
exception reports can be generated if resource expenditures are not consistent with
accomplishments.

If budgets are not tied to achievements, the project manager may ignore situations
where project funds are being spent in advance of accomplishment but are within
budget when viewed by time period, and thus the project manager may misinterpret
the true state of the project when the budget is overspent for a given period but

outlays are appropriate for the level of task compietion.

5.3.3.1 Definethe confrel account and ensure management subsystems integration
- the control account is the main action point for planning and control of
effort. All aspects of the project come together at this peint including
budgets, schedules, work assignments, cost collection, progress
assessmens, problem identification, and corrective actions, and thus it is
imperative that each control account contain, as 8 minimum;:
(1) adiscrete scope of work to be accomplished
{2) atime frame to compiete these tasks (the schedule)
(3) the authorised resou ces (the budget)

(4) adesignated ~spunsible p¢rson to manage the account
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53.3.3.

Control account budgeis - each control account conftains resources
necessary to complete the assigned effort and budgets reflecting these
resources, Budgets established at the control account level must be
planned by element of cost.

(1) Budgets may be stated either in rands, hours, or other meusurable
units.

(2) 1t is necessary to use rates that will provide a valid performance
measurement baseline (PMB), and when there are significant changes
inthe anﬁcipatefi labour, overhead, or other rates, internal replanning
of remaining portions of the PMB must be done,

(3) Ingeneral, the budget process should provide for the following:

()  Direct budgets allocated to organizations performing the
planned work;

(b) Identification of any management reserves or undistributed
budget.

Distribute the control account effort into work packages and planning
packages - effort contained within a CA is distributed into either work
packages or planning packages. "Work package” is the generic term used
to identify discrete tasks which have definable results.

Work packages are single tasks assigned to a performing organization for
completion, Work package descripiions must clearly distinguish one work
nackage effort from another.

A key feature from the standpoint of evaluating accomplishment is the
desirability of having discrete work packages that incorporate frequent,
objective indicators of progress. Work packages should be natural
subdivisions of project effort with each work package resulting in a
definable end-preduct or event.



5.3.3.4 Establishand track management reserve (MR) -in IS projects, particularly
planning and coding activities, there is considerable uncertainty regarding
the timing or ragnitude of future difficulties. The use of MR provides the
project manager with a capability to adjust for these uncertainties.
Adequate identification and control of MR is necessary, with the MR
budget and its use being accounted for at the total project level.
Management reserve is held for work scope growth, rate changes and other
project unknowns, (i.e. for current and future project needs). It is a budget
held in reserve as a source of funding for added work scope, and not &
contingency which can be used to absorb the cost of project changes, and
thus it cannot be used to offset accuraulated over- or underruns that
emanate from the variance analysis.

5.3.4 [Establish the project baseline plan - all projects need to establish a baseline plan
against which effort can be monitored during project execution, and the assignment
of budgets to scheduled segments of work produces a plar: against which actual
performance can be compared. The baseline plan is a portfolic of documents which
indicate how the project’s progress and schedule objectives will be achieved, and is
ereated during the planning phase of the project. It is the starting poin: for project
control, as it quantifies what has to be executed, how the work will be carried out,
and who will be responsible for the work, The establishment, maintenance, and use
of the haseline plan are indispensable to effective performance measurement. The
relationship of individual work tasks with the time-phased resources necessary to
accomplish them is established at the control account level.

The baseline is needed to determine precisely how much of the planned work has
been accomplished at any point in time, and to compare it to the work that was
planned to be accomplished, as well as to compare the completed work with the
actual cost of completing that work.
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Without a baseline, without predetermined objectives, decisions will be made in
response to other stimuli and may not serve the best interests of the project. Included
in these decisions are those related to scope changes. All projects are susceptible to
scope cruep, and as the baseline also defines the scope of the project, the impact of
scope changes can be effectively assessed in the context of a baseline, and thus the
baseline also serves &8 a tool for managing and controlling scope.

Baselines in excess of project value - during the life of a project, situations may arise
whereby available budgets for the remaining work are insufficient to ensure valid
performance measurement. Under these circumstances, a requirement may exist for
the total budget allocated to work to exceed the project budget, The project manager
should perform a detailed estimate of' all costs hecesse  to complete the remaining
efiort, If the difference between the estimated cost to complete and the remaining
budget is significant, the project manager must notify management of the need to
increase the remaining budgets, and should include & discussion regarding project
cost, schedule, funding and technical implications expected as a resujt of increasing
the budget.

The changes to baseline budgets must be fully documented and traceable, and when
management are satisfied that the new baseline represents a reasonable plan for
completing the project, the new baseline becomes the basis for future performance

measurement,

53341 Incorporate meaningful progress indicators - the scheduling system should
cover all specified work and incorporate key deliverables and project
milestones which cun be used to agsess progress, constraints and
relationships. Milestones must be conczete, specific, unambiguous and

measurable events (Brooks 1933).
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The performance measurement ir.dicators (milestones, earned standards,
scheduled eutput, etc.) must be clearly identified and directly related io
control accounts. They must be scheduled in a sequence which supp-its
the achievement of project objectives. These indicators must clearly
represent the accomplishment of an identifiable quantity of work within
the project and be assigned a value refiecting the planned cost of that work.
These values must summarize to or reconcile with the total budget for the
project.

5.3.5 Monitor performance against the baseline - evaluate deviations from the plan - the
scheduling system should provide current status and forecasts of completion dates

for al! authorized work. The summary and detailed schedules should enable a
omparison of planned and actual status of project accomplishment based on

iilestones or other indicators used for control purposes.

5,3.5.1

5.3.5.2

Managetial analysis - is the evaluation and feedback loop of the earned
value management gystem. Management actions are determined, based on
an analysis of problems, corrective actions are implemented, and their
effect on cost and schedule performance are projected.

Analyse significant variances - analysis of deviations from planned
activities provide management with visibility into needed actions to either
return the project to plan or compensate for these deviations in cost,
schedule or technical areas.
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5.3.5.5.

5.3.5.6

Schedule Variance (SV) - comparing the vatue of work completed to the
value of work scheduled during a piven period of time provides a valuable
indication of schedule status in terms of rands worth of work
accomplished, This variance may not, however, clearly indicate whether
or not scheduled milestones are being met since some work may have been
performed out of sequence or shead of schedule. Schedule variance does
not indicate whether a completed activity is a critical event or if delays in
an activity's completion will affect the completion date of the contract. A
formal time-phased scheduling system, therefore, must provide the means
of determining the statug of specific activities, milestones, and critical

events,

Cost variance - comparisons of the cost of completed work with the valee
planned for that work provides a cost variance. Analysis of this
differences reveals the factors contributing to the variances, Examples
include poor initial estimates for the task, technical difficulties that
required additional resources, the cost of labour being different from that
that was planned, differences between planned and actual rates, and
personnel efficiency different than planned.

Variance at completion - comparisons of the total budget with the EAC at
the control account level provideg a variance expected at the completion

of the control account,

Required analysis - analysis of these variances is required at the control
account level. Budgeting, measuring performance, and collecting costs by
element of cost facilitates determinitg and reporting the reasons for

significant variances.
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53.5.7 Technical achievement ~ unfavourable cost or schedule conditions are

usually caused by technical difficulties. Quantitative information as to
technical status is desirable and should be supplemented by narrative
reports. As work progresses, determine the adequacy and quality of the
work performed by making inspections, tests, or other types of technical
measurements. If the results are satisfactory and no corrective action is
required, the work proceeds, If, on the other hand, deficiencies are found,
consider alternatives for corrective action; for exarple, redesign, rework,
etc. When considering these alternatives, the impact on cost and schedule
must be weighed in addition to the technical considerations. Afier an
alternative is selected, it may become necessary to plan the additional work
in terms of new work packages or additions to existing unopened work
packages and to change the schedules affected. In some cases the project
manager may choose to provide additional budget to the responsible
organization. Thus, there is a close relationship beiween technical

achievement and its impact on cost and schedule,

5.3.6 Forecast the final cost and schedule results - generate pericdic cstimates at

completion using all available information to arrive at the best possible estimate,

This must include:

{a) evaluating the efficiency achieved by performing crganizations for
completed work and comparing it to remeining budgets;

(b) establishing a schedule forecast that reflects the expected time-frame for
completing the remaining work;

{c) considering all remaining risk areas on the project versus cost avoidance
possibilities;

(d) ensuring the most current direct and indirect rate structure is used to value
the projected resources;

{e) applying this analysis to future efforts to derive the most accurate estimate.
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Comparisons of this estimate to budgets for the associated effort must be made
frequently enough for management to ensure project perfnrmance and resource
availability will not be adversely impacted.

Take the necessary management action as & result of the forecast and analyses,
ensuring that the data produced by the earned value management system is available
to managers on a timely basis and is of sufficient quality to ensure that effective
management decigions can be made as a result of its analysis.

From a reporting perspective, progress reports should be sent to the management or
the project sponsor at the following intervals (Van Der Merwe 1997):

. If the project duration is in years, then report monthly
. If the project duration is in months, then report weekly
. If the project duration is in weeks, then report daily

. If the project duration is in days, then report hourly
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‘5.4 FElements of Earned Value

Elements of Earned Value

TIME
Figure 7 Elements of Earned Value

The earned vaice performance measurement system provides data and reports required for
the effective analysis of variances (See Figure 7) which resuit from the comparison of
budgeted cost of work scheduled (BCWS), budgeted cost of work performed (BCWE),
actual cost of work performed (ACWP), Budget at Completion (BAC) and Estimaie at
Completion (EAC).

At the activity level, the project manager analyses the variances which result from the
comparison of these iive basic data elements. This data provides the current period and the
cumulative to date performance statvs informa'"on for each activity and if a sipnificant
variance is identified, then this data provides an indication of the magnitude of the potential
project impact in the future. Cost variances, schedule variances, and at completion

variances are reviewed and reported to;

. Identify and isolate problems causing either favourable or unfavourable cost or
schedule variances.

. Evaluate the impact of cost/schedule variances and recommend appropriate changes
and work arounds. '

. Jvaluate the performance of the functional organizations by using the Cost

Performance Index {CPIY, Schedule Performance Index (SPI), and To Complete
Performance Ind=x (TCPI) indicators.
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. P.oject favourable and unfavourable variance trends,
. Provide a valid Estimate at Completion (EAC}, in terms of cost impact and schedule
completion dates.

Trends show the direction the project is heading, and enable the forecasting of project cost
and schedule and the projection of future funding needs. They may also indicate potential

probilems before they becom= major issues,

- Actual Cost of Work Performed (ACWP;) - the ACWP is the actual amount spent on
the work performed to date (inchiding the work in progress).

> Budgeted Cost of Work Scheduled (BCWS) - the sum of the time-phased budgets
established for all effort “including the work-in-progress) scheduled to be
accomplished within a given time period, i.e, at any given time, it represents the
budget for work that is planned to be accomplished by that time.

> Budgeted Cost of Work Performed (BCWP) - BCWP is the budgeted cost of the
cormpleted work and the work in progress at that thme. BCWP is recorded as work
is accomplished or earned, and is also known as “earned value”.

> Budget at Completion (BAC) - BAC is the original cost estimate or budget
indicating the funds required to complete all of the known work on the project,

> Schedule Vartance (SV) - comparing the value of work performed with the value of
work scheduled determines SV, and is an aggregate rand value of events ahiead or
behind schedule. Arithmetically, SV is expressed as:
BCWP - BCWS = a positive value means that the project is ahead of schedule and

a negative vatue means that the project is behina - hedule,



Cost Variance (CV) - comparing the value of work performed with the actual cost
of work performed determines CV. CV is an objective indicator, and it is a rand
value of what was accomplished for the resources expended. Arithmetically, this is
expressed as:

BCWP - ACWP = apositive valie means that the project is under budget “work was
accomplished for less resource expenditure) and a negative value means that the
project is over budget (work accomplished cost more than planned resource value).

%0Over { Under

ACWP - BCWP x 100
BCWP

Cost Performance Index (CPT)
BCWP / ACWP = a value above one means that the project is under budget and a
value below one means that the project is over budpget.

Estimat= at Completion (EAC) - EAC is the projected completion cost and consiats
of the actual cost of the completed work plus the budget for the remaining work,

The formula for the EAC is as follows:

EAC=(BAC - BCWP}+ ACWP
CP1

Varjance at Completion (VAC)

VAC=BAC - EAC - comparing the variance between the budget at completion with
the latest estimate at completion determines the variance at completion.
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Performance indices show the percentage of variation, befween planned and actual
performance, for the current period, cumulative to data time span, and at the completion of
the task.

The Schedule Performance Index (SPI) and Cost Performance Index (CPI) are calculated in
order to provide an efficiency factor for work accomplished during the cwrrent period and
for cumulative data. The To-Complete-Performance-Index (TCPI) calculates an efficiercy
factor which must be attained, if the remaining work scope is to be completed within the
forecasted EAC.

Examples of SPI, CPI and TCP] are caleulated using the following cumulative-to-date data:

BCWS BCWP ACWP BAC EAC
R 45 600 R 50800 R 42900 R 200 000 R 180 000
> Schedule Performance Index (SPI)

The ratio of work accomplished versus work planned, for a specified period of time,
defines the SPI. The SPI is an efficiency rating for work accomplishment, The SPI
compares work accomplished to what should have been accomplished, with a value
above one meaning that the praject is ahead of schedule and a value below one
meaning that the project is behind schedule.

SPI =BCWP/BCWS = 50 800/45 600 =1.11%

The calculated SPI indicates that 1.11% of the work scheduled to be completed, has
been completed through the current period. A favourable or ahead of schedule
indication exists. A SPI of 100% indicates an on schedule condition, However, this
performance indication may not necessarily provide the true status of the wark
accomplished, since some work may have been performed out of sequence or ahead
of schedule, The project plan and project schedules must be used in conjunction
with the SPI to provide valid Work In Process (WIP) status information,
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Cost Performance Index (CPI) - the CPI is defined as the tatio of work accomplished
versus work cost incurred for a specified period of time. The CPI is an efficiency
rating for work accomplished for resources expended.

CPI=BCWP/ACWP = 50 800/42 900=1.18%

The calculated CPI indicates that for each actual R1.00 of resource expended R1.18
in earned value was received. A cost underrun or higher than planned efficiency
indication exists for the period analysed.

Schedule Variance Percent (SV%)

To arrive ata meaningfu] indication of schedule performance, the Schedule Variance
(SV) must be related to the amount of work planned to have been accomplished.
‘This is accomplished by converting the SV stated in rand into a Schedule Variance
Percent (SV%) ~ if SV% = 0, then the project is on schedule,

SV(%)=BCWP-BCWS 1 BCWP or SV(%) = SV/BCWP
SV(%) =50 800 - 45 600/ 50 800

+.102 or +10.2%

The example indicates that the plan is 10.2% ahead of schedule, This cumulative
calculated index data provides results consistent with the cumulative calculated SPI,
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Cost Variance Percent (CV%)

To arrive at a meaningful indication of cost performance the Cost Variance (CV)
must be related to the amount of work accomplished. This can be accomplished by
converting the CV stated in rand into a CV stated as a percentage; if cost variance%
= 0, then the project is on budget.

CV{%)=BCWP-ACWP / BCWP or CV(%) = CV/BCWP
CV(%) =50 800 - 42 900 / 50 800
+.155 or +15.5%

The example indicates that the cost is 15.5% under target cost. The cumulative CV
calculated index data provides results consistent with the previous cumulative
calculated CPL

Percent Complete

The percent complete is the budget percent complete, and is the ra.ationship of the
amount of work performed to date to the amount of work scheduled for a specific
element of the WBS, The base used to determine percent complete is the Budget at
Completion {(BAC).

BCWP/BAC = 50 800/200 000 = .254 or 25%

Work Scheduled for Completion
BCWS/BAC = 45 600/200 000 = 228 or 23%

~ Percent Spent (BAC)
ACWP/BAC =42 900/200 000 =214 or 21%

Percent Spent (EAC)
ACWP/EAC =42 900/180 000 =238 or 24%
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The percent of work complete should then be analysed by comparirfg itto the percent
of work planned or scheduled to have been accomplished through the reporting
period being analysed.

By comparing the value of the work completed (25%) to the value of the work
schedule for completion (23%) the conclusion of this comparison should yield
r~ vits compatible with the calculated SV% (+10.2), The results in this example
indicate that the effort is 2% (25% - 23%) ahead of schedule at this time,

The percent spent can be calenlated using two different approaches; (1) comparison
of Actuals with BAC and (2) comparison of Actuals with EAC,

Analysis to determine realization vf the EAC is performed by comparing the percent
complete to percent spent. By using the data from the example provides an
indication that the current EAC (180,000) may be understated and mathematically
may be closer to R192,000 (25% of the work has been accomplished utilizing 21%
of the budget instead of 24% of the budget as indicated by the EAC). This indicator
points to the need for further review, of ..ie remaining work scope value. This will

help to determine the accuracy of the projected EAC.

To Compiete Performance Index (TCPI)

The analysis techniques discussed above are used for activities which have already
taken place. The analysis data is based on past performance and the results cannot
be changed; however, the information from these activities and events can be used

to project future performance trends,
The To Complete Performance Index (TCPI), also known as the verification factor,
is defined as the ratio of remaining work to remaining budget. The TCPI is

calculated using cumulative-to-date information only,

TCPRI=BAC-BCWP/EAC - ACWP = 200 000 - 50 800 / 180 000 - 42 900 = 10%%

57



The 'TCPT when comypared 4o the curmulative-to-date CPI provides a meaningful data
analysis tools which can be used to determine the accuracy of the remaining or - to
complete - effort. A difference between the TCPI and cumuative-to-date CPI of
more than 20% indicates that the EAC will probably not reiate to the past
performance. Using the cumulative-to-date CPI and TCPI calculations fiom the
example:

Cumulative-to-date CPI = 118% and TCPI = 1069%

The TCPI indicates that future j)erfonnance on remaining work will be performed
at a decreased efficiency. For each budget rand spent in the past, R1.18 in value was
received. Based on the TCPI of 109%, for each budget rand of work remaining,
R1.09 in value will be achieved, The efficiency for the remaining work scope is
forecasted to decrease by 9%.

5.5 Points to Consider When Using Earned Value

5.5.1

552

1t is essential that the earned value analysis extend down to the level where the root
causes of variances can be determined and acted upon. Although the C/SCSC
criteria refer to the control account level which is the level at which management
responsibility for costs is allocated, it may be useful to extend the analysis down to
the activity level (activity based earned value) thereby allowing the project manager
to track BCWS, BCWP, ACWP and the resulting cost and schedule variances for
each activity in the plan. This is essential to a proper analysis of the data and
understanding of what is happening on the project.

If a work package has not yet started, its earned value by definitien equals zero, or
BCWP=0, but for work-in-process work packages, it is incorrect to assume that
resource expenditure is proportional to work progress (i.e. there is no necessary

relation between resources consumed and progress achieved),
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For activities whose duration exceeds one reporting period, additional Ycomplete
values can be established. For examyle, an activity which spans 2 reporting pe~ =
could accept values of 0, 50 and 100 %complete. One which spans three periods
could accept 0, 33, 67 and 100%. Such schemes would require a prorated accrual
of costs since the accrual method used to develop BCWS must match the reporting
method used to gather BCWP and ACWP if the data and variances are to be

meaningful.

Another technique to overcome the subjectivity of reporting is to dispense with
Ycomplete entirely and report expected remaining duration. Generally software
developers will be more realistic in estimating how much longer they will requir: to
finish a job than they are at estimating tk: .ir %complete. Most jobs progrers rapidly
1o R0-90 Y%complete and then “stick there”. This solution, however, is not perfect,
but the use of an earned value management system and the consistent tracking and
analysis of the data will demonstrate this problem very clearly and permit the Project
Manager to address it.

The key to work-in-process estimation is to establish the actual physical tangible
accomplishment which has been achieved, and then estimate the resources it was

supposed to have consumed.

Alternate methods for work-in-process BCWP estimation include (most project

management software tools permit a choice from at least three accrual methods

namely, Start, Finish or prorated):

. 50/50 rule - 50% of the task is “earned” when the task starts, and 50%
when it is completed - applicability - whenever start and completion dates
fall within adjacent months, or closer (Sparrius 1996: c).

. 0/100 rule - this rule allows 0% when the task starts, and 100% when it is
completed - applicability - suitable for activities whose planned duration
is less than or equal to a reporting period, This is equivalent to accruing all

costs at the end of an activity, and removes all subjectivity fiom the
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reporting process but also means that you do not get B.;:l}’ iriterimm statns
reporis on the activity.

The work-in-process earned value estimates described above are only valid for

discrete work packages (effort that van be scheduled in relation to clearly definable

start and completion dates, and which contain objective milestones against which
performance can be measured, e.g. areport) that are contained within the WBS. Two
other types of tasks are contained in the WBS:

. level-of-effort - work which does not result in a final product, e.g, support
/ liaison activities. Level-of-effort activities usually occur at a uniform rate
of resource expenditure, e.g. 1\ person-hours per week spent on customer
liaison.

. apportioned effort - work which can be directly related to another work
package, e.g. 5% of the direct person hours on a coding task will be spent
as direct labour on inspecting the code.

For apportioned effort work packages, the work-in-process BCWP depends on the
work-in-process of the work package which is used as the apportionment base, and
for level-of-effort work packages, the work-in-process BCWP automatically equals
the BCWS. There is never a schedule variancs {(Sparrius 1996: c).
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5.6

Variance Analysis

Variances will always exist, unless there is perfect execution of the project plan. Significant
varianceg are those variances that break predetermined thresholds, require management
attention, and corrective action. Significant variance may mean the original plan was
inappropriate, or the atuals (ACWP) were incorrect. Significant variances inform
management that somnething needs to be examined, analysed and proper corrective action
instituted,

According to Sparrius (1997), variance analysis has as its objectives to:

. identify the existence of significant problems

. isolate the root cause of each problem

. determine which corrective action will eliminate both the problem and its cause

. provide a narrative report to the relevant managers of the problem and the corrective
action which has been implemented

By definition, any variance is a variance fror a baseline (the original budget and plan), and
thus cannot be calculated if a planning baseline has not been defined and placed under strict
change control. Furthermore, variance analysis only adds vaiue to the extent that it acts as
a precursor to the appropriate corrective action, and thus should also reveal the reasons for
the problem, for example:

. initial cost and duration estimates are poor

. the schedule is not feasible

. technical difficulties have arisen which require additional resources
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5.7 Earned Value in action

6.7.1 Project 1

10 | Task Name | Budpet |M[A[M[J]J[A[SI O] N[ D] J]F[M[A;M[3] ] A[S[ O] N[ D] J
1 |Wotk Package1 ; R 80,000.00 — Time Now

Z  [Work Package 7 "+ R A8,000.00 =

3 |Work Packaged ' R 100,00000

7 |Work Packaged + H140,000.00

5 [Work Packeges | R 240,000.00

B |Work Package® | R5000.00 [

7 |Wark Package 7, R 130,000.00} —

Figure 8 Ganit Chart - Project 1

Looking at Figure 8, consider a project consisting of seven work packages. Solid bars show
the degree of completion of each work package, Using the 50-50 method to estimate work-
in-process, at Time Now (end September):

BCWS =(80 000 -+ 60 000) + 0.5(100 000 -+ 140 000 + 240 000) -+ 0(50 000 + 130 000) = R330 000
BCWP = (8G 000 + 60 000 + 100 000) + 0.5{140 000 + 240 000 + 50 000) + 0(130 000) = R455 000

ACWP = R500 000 (There is no way of obtaining the ACWP from Figure 8, and thus the
ACWP must be obiained from the project management tool being used on
the project).

Schedule variance = BCWP - BCWS = R 455 000 ~ R. 380 000 =R 75 000
Cost Variance = BCWF - ACWP =R 455 000 - R 500 000 = -R 45 000
The project is thus early, but overspent.

BAC = (R0 0} + 60 000 + 100 000 + 140 000 + 240 000 + 50 000 + 130 000} = K 800 000
Cosr i“e; formance Index = BCWP / ACWP =455 000/ 500 000 = 91%

Schedule Performance Index = BCWP / BCWS = 455 000 / 380 000 = 120%
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5.8

Thus the project’s earned value is 91% of the actual cost spent, and 120% of iis planned
value.

EAC=(BAC - BCWF)+ ACWP = (200000 - 455 000} + 500 000 =R 879 125.88
CPI 0.51

The projected cost variance at completion =BAC - EAC =-R 79 129,88

Summaty

The effective management of a project during its life cycle requires that a performanca.
management system is utilised so that immediate fecdback can be obtained whereby the up-
to-date status of a project can be determined, such that corrective actions can immediately
be taken if there is a deviation from the baseline plan, thus rinimising the chance of project
failure.

The re-engineered earned value performance measurement process deseribed in this chapter

provides such a technique as well as examples, as a means of describing the various steps

that make up the process, and as a means of gaining an understanding thereof,
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Chapter6: Contribution of this Disseriation and Imi:ilications to
Researchers

This dissertation provides a theoretical analysis of a subject which could become the focus
of academic as well as business interest, and provides direction to literary material on areas
relating to earned value perforinance measnrement for people wishing to learn more about
the subject.

It also provides the basis for developing a comprehensive thecretical process from which
hypotheses can be proposed for later testing, anc s offers several suggestions to
researchers to build on its contribution:

. The investigation of I8 project performance measurement represents a major
opportunity. Whilst this research provides an ingipght into the earned value
performance measuremont process, researchers should stady it to contribute
significantly to practice.

. This research suggests that earned value performance measurement can be used on
privaie and commercial IS projects, and thus rescarchers should survey 1S
organisations by investigating their IS project performance measurement techniques
to assess the applicability and acouracy of the earned value performance management
technigue. A guantitative study can also be initiated to assess whether the earned
value performance measurement technique brings real value and benefits during the
management of an IS project.

. The earned value performance munagement guidelines consist of 35 criteria, which
in the author’s opinion is too complex and time-consuming, and thus the study
proposes a 6-step framework as a potential alternative. In doing so, the author was
hoping 1o sineplify the technique for use on IS projects, Medern organisations cannot
afford to have the same kind of structures, red tape and bureaucracy in place, like the
military, which is where most of the information on the topic was found. In addition,
project managers do not have the time to pget “bogged down™ in complex
administration, hence the simplified format.
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The framework developed in this research to aid in measuring the performance of the
project during its life cycle may require forther validation and refinement. This could
be accomplished by testing the framework agenst “real” IS projects.

In doing research on its application in the “real world™, a “failed” project can be
selected, with the suggested earned value performance measurement framework
being used to determine whether ity use on this project would have made a
difference.

A study can be initiated 1o determine whether the earned value performance
measurement technicue is applicable to projects across different industries within a
South Afiican context, with a focus being placed on the differences and similarities
ameong industries.
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Chapter 7: Conclusion

Earned Value management is a proven process that provides strong benefits for project
planning and control, It provides for integration of project scope, schedule, and cost
objectives and establishment of a baseline plan for performance measurement during the
execution of the project. Furthermore, it provides a sound ™asis for problem identification,

corrective actions and management replanning as may be requiced.

The earned value performance measurement technique is used to compare the planned value
of the approved working project plan against the earned value of the physical work
accomplished, and to relate this against the actual costs spent to do the work, in order to

precisely measuse the true project performance.

Having introduced earned value project management, and some of the problems associated
with determining the status of IS projects during their life cycle, this dissertation proposed
the theory behind applying a re-engineered earned value performance measurement

technique as a .neans of measuring IS project progress,

The basic steps of the re-engineered earned value performance measurement system are:

. Scope the project.

. Plan and schedule all the work for the project.

- Estimate and budget project resources within control accounts

. Establish the project baseline - integrute project work scope, schedule, and cost

objectives into a baseline plan against which accomplishments may be measured.
. Monitor performance against the baseline - objectively assess accomplishments at
the wotk performance level.
. Forecast the final cost and schedule results - analyze significant variances from the

plan and forecast impacts.
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The earned value performance measurernent technique is not 8 panices, as it will not prevent
overruns and schedule overruns. While nothing can totally elimizate risk from large and
complex IS projects, the use of the earned value performance measyrement technigque will
significantly reduce project overruns, ensvre project cancellations are rare, and when they
do occur, they do so much sooner in the project life cycle when less money has been spent,
ie. the earned value performiance measurement technique provides management with an
early warning signal and thus enables the project manager to detect deviations from plan as

soon as they occur and to take the appropriate corrective actions.
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Appendix 1

Earned Value Periormance Measurement Guidelines (Fleming & Koppelman 1996; Muir
1997).

This appendi: highlights the mandatory procedures contained in DOD Regulation 5000.2
R, necessary to ensure the proper implementation of the earned value performance

measurement technique,

~ Organization

a Define all authorized work and related resources to meet i ¢ requirements of the
contract, using the contract work breakdown structure (WBS).

b. Identify the internal organizational elements and the major subcontractors
responsible for accomplishing the authorized work,

c. Provide for the integration of the contractor’s planning, scheduling, budgeting, work
authorization and cost accumulation systems with each other, the contract work
breakdown structure and the organizational structure.

d. Identify the managerial positions responsible for controlling ov .nead (indirect
costs).
e Provide for integration of the contract work breakdown structure with the

confractor’s functional organizational structure in a manner that permits cost and
schedule performance measurement for contract work breakdown structure and

organizational elements.
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Planning, Scheduling, and Budgeting

Schedule the antborized work in a manner which describes the seque:1ce of work and
identifies significant task interdependencies required to meet the development,
production and delivery requirements of the contract,

Identify physical products, milestones, technical performance goals, or other
indicators that will be used to measure p gress.

Establigh and maintain a time-phased budget baseline, at the control account level,
against which coniract performance can be measured. Initial budgets established for
performance measurement will be based on the negotiated target cost. Any other
airount used for performance measurement purposes must be formally recognized

by both the contractor and the government,

Establish budgets for all authorized work with separate identification of cost
elements (labor, material, etc.).

To the extent the authorized work can be identified in discrete, short work packages,
establish budgets for this work in terms of dollars, hours, or other measurabie units.
Where the entire cost account cannot be subdivided into detailed work packages,
identify the far term effort in larger planning packages for budget and scheduling

purposes.

Provide that the sum of all work package budgets plus planning package budgets
within a cost account equals the cost account budget.

Identify relationships of budgets or standards in work authorization systems to
budgets for work packages.
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i!

Identify and contro} level-of-effort activity by time-phased budgets established for
this purpose. Only that effort which cannot be identified as discrete, short-span work
packages or as apportioned effort may be classed as level-of-effort.

Establish overhead budgets for the total costs of each significant organizational
component whose expenses will become indirect costs. Reflect in the contract
budgets, at the appropriate Ievel, the amounts in overhead pools that are planned to
be allocated to the contract as indirect costs.

1dentify manager-nt reserves and undistributed budget.
Provide that the contract target cost plus the estimated cost of authorized but

unpriced work is reconciled with the sum of all internal contract budgets and

management teserves.

Accounting Considerations

Record direct costs on an applied or other acceptable basis in a manner consistent
with ihe budgets in a formal system that is controlled by the general books of
account.

Summarize direct costs from cost accounts into the work breakdown structure
without allocation of a single cost necount to two or more work breakdown structure

elements.

Summarize direct costs from the cost accounts into the contractor’s functional
organizational elements without atlocation of a single cost account fo two or more
organizational elements.

Record all indirect costs which will be allocated to the contract.

Identify the basis Zor allocating the cost of apportioned effort.
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f Identify unit costs, equivalent units costs, or lot costs as applicabi;a.

g. The contractor’s material accounting system will provide for:

(D

)

@)

)

&)

(6

Accurate cost accumulation and assignmert of costs to cost accounts in a
manner consistent with the budgets using recognized, acceptable, costing
techniques,

Determination of price variances by comparing planned versus actual

commitments,
Cost performance measurement at the point in time most suitable frr the
category of material involved, but no earlier than the time of actual receipt

of material.

Determination of cost variances attributable to the excess usage of
material,

Determination of unit or lot costs when applicable,

Full accountability for all material purchased for the coniract including the

residual inventory.

4,  Analysis and Management Reports

a. Identify at the cost account level on a monthly basis, using data from or reconcilable

with the accounting systen:

&)

Comparison of the budgeted cost for work schedr.led and the budgeted cost
of work performed. This comparison provide the schedule variance.
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d.

(2) Comparison of the budgeted cost for work performed and the actual
(applied where appropriate} direct costs for the samue work. This

comparison provides the cost variance.

3) Variances resnlting from the comparisons between the budgeted cost for
work schec. ‘=d and the budgeted costs for work performed and between
the budgeted cost for work performed and actual or applied direct costs,
classified in terms of labour, material or other appropriate elements

together with the reasons for significant variances.

Identify, on & monthly basis, in the detail needed by management for effective
control, budgeted indirect costs, actual indirect costs, and cost variances with the

reasons for significant variances.

Summarize the data elements and associated variances listed in susparagraphs a. (1)
and (2), directly above, through the contractor organization and work breakdown
structure to the reporting level specified in the contract.

Identify significant differences on a monthly basis bztween planned and actual
schedule accomplishment and the reasons.

Identify managerial actions taken ag a result of criteria items in paragraphs a. throngh
d., directly above.

Based on performance to date, on commitment values for material, and on estimates
of fiture conditions, develop revised estimates of cost at completion for work
breakdown structure elements identified in the contract and compare these with the
coniract budget hase and the latest statement of funds requirements reported to the

government.
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Revisions and Data Maintenance

u, Incorporate contractua! changes in a timely manner, recording the effects of such
changes in budgets and schedules. In the directed effort prior to negotiation of a
change, base such revisions on the amount estimated and budgeted to the functional
organizations.

b. Reconcile original budgets for those elements of work breakdown structire identified
as pricet line items in the coatract, and for those elements at the lowest level in the
programun.: work breakdown structure, with current performaunce measurement
budgets in terms of changes to the authorized work and internal replanning in the
detail needed by management for effective control,

C. Prohibit retroactive changes to records pertaining to work performed that would
change previously reported amounts for direct costs, indirect costs, or budgets,

except for correction of errors and routine accounting adjustments.

d. Prevent revisions to the contract budget base except for authorized changes to
contractual effort.

e. Document internally the changes to the performance measurement baseline and

notify expeditiously the procuring activity through preseribed procedures.

£ Provide the contracting officer and the contracting officer’s authorized
representatives with access to the information and supporting documentation
necessary to demonstrate compliance with the cost / schedule confrol systems

criteria.
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