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ABSTRACT

The Waterfall approach has been the dominant approach for enterprise systems (ES) implementation since
the 1970s. It offers ES project managers a simple, step-by-step way to make ES projects manageable and
minimize drawbacks. The main criticism of this approach centres on its inflexibility regarding requirement
uncertainty. In this article, the authors challenge this criticism. By means of an in-depth case study of a
Waterfall approach-based ES implementation project within the maintenance department of one of the world s
biggest airline companies, this article will illustrate how it deals with requirements uncertainty and required

fexibility in practice.
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INTRODUCTION

Enterprise systems (ES) can be defined as
configurable, off-the-shelf software packages
that provide an integrated suite of systems
and information resources for operational and
management processes across a broad range
of business activities (Ward et al., 2005). They
are intended to support business in the contem-

DOI: 10.4018/jitpm.2010040103

porary knowledge-based global economy (De
Carvalho & Tanaka, 2008). Enterprise Systems
(ES)coveraplethora of subjects that range from
Enterprise Resource Planning (ERP), Enterprise
Content Management (ECM) and Customer
Relationship Management (CRM), to Decision
Support Systems and Business Intelligence. It
is acknowledged that developing and manag-
ing these systems involve dealing with the
dynamics of contextual forces (Nandhakumar
et al., 2005).
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In their review of the studies of enterprise
systems implementation, Shanks et al. (2000),
Somers and Nelson (2001), Nah et al. (2001),
and Umble et al. (2003) show project manage-
ment, balanced project team, clear goals and
objectives, change management, minimum
customization, and project champion to be the
main critical success factors. All of them stress
the importance of ES project managementissues
as one of the major success factors, a conclu-
sion widely debated in the academic literature
on ES implementation and information systems
(IS) implementation (Austin & Devin, 2003;
Brown, 2004; Kim & Pan, 2006).

ES projects are notorious for their failure
rates (Barker & Frolik, 2003; Mendel, 1999;
Umble & Umble, 2002), and the question
remains, why is project management of ES
implementations more difficult than that of other
types of IS projects? Jurison (1999) explains that
the difficulty is in the nature of the “product’.
The most frequently cited aspects that make
managing software projects more difficult are:
intangibility of the “product’, complexity of the
‘product’, and volatility of the requirements.
Or in other words, software is invisible, it is
difficult to comprehend, and its requirements
are under constant pressure to change, making
ES project success hard to achieve.

Many project management methodologies
and tools have been developed throughout the
years that claim to contribute to ES project suc-
cess, and the importance of project management
is fully acknowledged in the literature (White
& Fortune, 2002; Somers & Nelson, 2004).
Project management is considered a series of
activities associated with carrying out a project
as effectively as possible (Jurison, 1999, p. 6).
Projectmanagement aims to anticipate as many
of the dangers and problems as possible and to
plan, coordinate, and control the complex and
diverse activities of projects to ensure success-
ful completion despite the risks (Lock, 2007).
Project management has a long history, but in
the modern management literature it was Henry
Gantt (1861-1919) who first proposed that an
organized approach was needed to manage the
complex interrelationships among an enormous

number of different tasks performed by many
different specialists. He developed the Gantt
chart, a way of ordering operations and work
which is still widely in use by software project
managers to track the progress of projects (Ju-
rison, 1999; Lock, 2007). With the enormous
growth in information technology use since the
1970s, anew type of project manager emerged:
the IT or software project manager. Unfortu-
nately, this type of project manager need not
have project planning or scheduling experience.
New project management approaches emerged
based on successful manufacturing techniques
of mass production, of which the Waterfall ap-
proach by Winston Royce (1970) has become a
prominent exponent (Lock, 2007). In software
project development studies, the Waterfall ap-
proachisthe onereferred to predominantly (Huo
et al., 2004; Jiang & Eberlein, 2008).

However, in response to growing environ-
mental uncertainty and flexibility, the Waterfall
approach is being criticized for its rigid char-
acter (Nerur & Balijepally, 2007). Although
we understand the roots of this criticism, we
cannot fully agree with it. We still see a lot of
potential in the “old” approach and argue that
if managed well, this approach can greatly
contribute to EIS implementation.

This article aims to contribute to this debate
by starting from the assumption that the Water-
fall approach in practice is not as ill-suited to
the dynamics of ES projects as its critics claim,
since itis still the most widely used approach for
ES implementation projects (Laplante & Neill,
2004). The leading research question therefore
is: how does a Waterfall approach-based ES
project cope with requirements uncertainty?

The remainder of the article is organized
as follows. First we elaborate on the discussion
on the origins and advantages / limitations of
the Waterfall approach. After that, we present
its main ‘rival’, the Agile approach, and assess
its assumed strengths and weaknesses. Then we
introduce our in-depth case study, a Waterfall
approach-based ES implementation project in
one ofthe biggest airline companies in the world,
present our findings and draw conclusions.
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The value of our contribution is two-fold:
firstly, this article provides an in-depth case
study of a Waterfall approach-based ES proj-
ect, something that is lacking in the literature.
Such an in-depth case study in itself can help
to elucidate ES projects for a broader audience.
Secondly, this article stimulates the Agile ap-
proach supporters to clarify and sharpen the
relevance of their criticism towards a plan-
driven approach such as the Waterfall approach
as we aim to present convincing evidence that
the Waterfall approach is well-suited to the
dynamics of ES projects.

THE WATERFALL APPROACH
TO ENTERPRISE SYSTEMS
IMPLEMENTATION: A REVIEW
AND ALTERNATIVES

The Waterfall approach was introduced by Win-
ston Royce in 1970, adopted by software project
managers and further developed through lessons
learned from software projects (Harrison,2003).
Modern project management methodologies,
such as PRINCE2 and PMBOK, evolved from
the Waterfall approach (Harrison, 2003) and
are the most widely used project management
methodologies in Europe and North America.
The Waterfall approach treats a project as a
linear process consisting of a series of basic
sequential stages, each of which needs to be
formally validated before moving to the next
stage, thus reducing the complexity of an ES
implementation process (Jurison, 1999; Khalifa,
2000; Huo et al., 2004).

The strength of the Waterfall approach
and project methodologies that evolved from
it mainly involves the management of each
definable stage: planning, executing, test-
ing, and closing. Although the labels for the
separate stages of the Waterfall approach can
differ per author, the basics still follow the
original approach introduced by Royce. The
recent literature agrees that ES projects based
on this approach typically flow through five
stages (Sommerville, 2006; Goedecke, 2007).
These are: requirements definition (defining

the functionalities), design (translating require-
ments into an executable format for a software
system), coding (turning design into an actual,
testable product, i.e. actual programming), sys-
tem testing (testing whether the actual systems
works in accordance with requirements and
is accepted by the end-user), and operation
(installing the software, training the end-users,
setting up support and fixing bugs).

Drawbacks of the Waterfall
Approach to ES Projects

Although it is the most mature and widely
used form, the Waterfall approach has been
increasingly criticised over the years. In sum,
the criticism boils down to the following: the
Waterfall approach is highly formalized and
consists of sequential stages and therefore is
not able to control uncertainty and changes in
requirements. Requirements uncertainty and
change are inherent to ES projects, however, as
itis virtually impossible for end-users to list the
requirements of the system precisely inadvance
(Beck, 1999; Khalifa & Verner, 2000; Middle-
ton, 2000; Highsmith & Cockburn, 2001; Huo
et al., 2004; Hass, 2007; Nerur & Balijepally,
2007). McConnell (2004) in this respect uses
the term the wicked problem, a problem for
which the requirements of the solution cannot be
entirely known before completion. The Water-
fall approach’s focus on planning incorporates
the risk that by the time a system is built, the
problem it was supposed to solve has changed;
the final result might be in accordance with the
initial requirements with hardly any shortcom-
ings, but when the job is done, it turns out to be
the ‘wrong’ software (Austin & Devin, 2003).
Parnas and Clements (1986) suggest that even
if end-users could know all the requirements at
the beginning of a project, there are many other
factors that need to be known inadvance to build
a software system. In addition, ‘freezing’ the
requirements at the beginning of a project, as
desired by a Waterfall-based ES project manage-
ment approach, is an excellent opportunity for
end-users to ask for everything they think might
be useful, as they realize that they might only
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get such an opportunity once (Poppendieck &
Poppendieck, 2003). Overall, itcanbe said thata
Waterfall-based ES projectis mostly concerned
with software development; it is less concerned
with implementing a product that is accepted
by the end-user (Becker, 1999).

An Alternative to the Waterfall
Approach: The Agile Approach

As an alternative to the Waterfall approach,
a new form of ES project management has
emerged since the late 1990s, called the Agile
approach (Huo et al., 2004). The first Agile
approach-based project management meth-
odologies were introduced by Kent Beck.
It took until 2001 before the concept of the
Agile approach was formally born. In that
year a group of prominent practitioners agreed
upon the basic values of the Agile approach as
laid down in the Manifesto for Agile Software
Development (Beck et al., 2001; Highsmith
& Cockburn, 2001; Hass, 2007). It basically
says that the highest priority is to satisfy the
customer through early and continuous delivery
of valuable software (Beck et al., 2001). The
need for an alternative to the Waterfall approach
emerged as various researchers and practitioners
believed that nowadays the lessons on which
the Waterfall approach is based no longer apply
(Harrison, 2003; Olsson, 2008; Veenswijk &
Berendse, 2008).

The main philosophy of the Agile ap-
proach is well expressed in a quote by Austin
and Devin (2003): “The difference between a
good and bad system is not how well it meets
the requirements you know in advance. Meet-
ing requirements is a necessary but insufficient
condition for producing an excellent system.
What makes a system great, is details that are
not specifiable in advance - aspects that must
evolve in the making” (p. 93).

The Agile approach accommodates the
volatility of requirements and focuses on col-
laboration between developer and end-users
(Demirkan & Nichos., 2008; Garcia-Crespo et
al., 2009; Highsmith & Cockburn, 2001; Huo
etal., 2004). According to the Agile manifesto,

individuals and interactions are valued over
processes and tools, and responding to change
is valued over following a plan (Beck et al.,
2001). The Agile approach deals with unstable
and volatile requirements by using the follow-
ing notable techniques: 1) simple planning,
2) short iteration, 3) earlier releases, and 4)
frequent customer feedback (Beck, 1999; Huo
et al., 2004). The most commonly used Agile
approach-based project management method-
ologies are SCRUM and eXtreme Programming
(XP) (Maurer & Melnik, 2006; Frye, 2008). In
conclusion, the Agile approach deals with the
drawbacks of the Waterfall approach by focus-
ing on responding to change.

Drawbacks of an Agile Approach
to ES Implementation Projects

Obviously, the Agile approach is not immune
to criticism either. Opponents, mainly from
the Waterfall ‘supporters’ camp, argue that
the Agile method is an attempt by software
engineers to legitimize software developers’
behavior, which is immediately slinging code
and producing something that works instead
of delivering something that meets all written
requirements (Rakitin, 2001; Austin & Devin,
2003). It is culturally embedded within ES
implementation project management that in
order to develop quality software you need
to progress through a sequential, phased life
cycle; therefore, the Agile approach will not
be honoured (Harrison, 2003).

According to Agile critics it is impossible
to develop realistic estimates of the work ef-
fort needed to provide a quote because at the
beginning of the project, no one knows the
entire scope. Moreover, the risk of scope creep
(uncontrolled changes in a project’s scope)
increases significantly due to the lack of de-
tailed requirements documentation (Stephens
& Rosenberg, 2003).

In sum, supporters of the Waterfall ap-
proach cannot see how users of the Agile ap-
proach expect to build anything that satisfies
the customers’ or end-users’ actual demands,
without planning up front and carefully ana-

Copyright © 2010, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global

is prohibited.



International Journal of Information Technology Project Management, 1(2), 43-60, April-June 2010 47

lyzing requirements. Supporters of the Agile
approach, however, cannot see the point in
spending a large amount of time analyzing
requirements because they will change anyway
(Austin & Devin, 2003). Some refer to this
ongoing debate as the methodology war (Jiang
& Eberlein, 2008).

As mentioned in the introduction, this
article aims to contribute to this debate by
starting from the assumption that the Waterfall
approach in practice is not as ill-suited to the
dynamics of ES projects as its critics claim,
and therefore it is interesting to study how a
Waterfall approach-based ES project does cope
with requirements uncertainty.

RESEARCH METHODOLOGY

In answering the research question, we chose a
case study methodology and, in particular, an in-
depth case study. We wanted to obtain detailed
insights into how a Waterfall approach-based
ES project deals in real life with requirements
uncertainty throughouta project. For thatreason
we selected a typical case (Yin, 2003), an ES
project at one of the world biggest airline com-
panies referred to as AirRoyal in this article.

AirRoyal implemented an ES using a
Waterfall approach from March to November
2008. We spent eight months on data collec-
tion and having access on a full-time basis to
the ES project, to project documents, meet-
ings, informal discussions, panels, and round
tables. In this way we conducted an in-depth
case study, interviewing all project managers
and team members. The overwhelming amount
of empirical data enabled us to study many
different aspects of the EIS implementation in
relation to each other and to view the process
within its total environment. Consequently, our
case study research provided us with a greater
opportunity than other available methodologies
to obtain a holistic view of a specific research
phenomenon (Gummersson, 2000).

The AirRoyal ES implementation project
was identified as a typical case because the
company itself, the project, and the condi-

tions of the project were representative of ES
implementation projects in large organizations.
Secondly, it concerned the implementation of
an off-the-shelf ES supplied by a third-party
supplier, who also had other large airlines as
customers. Therefore, the type of project we se-
lected is very likely to be comparable to projects
being carried out at large organizations.

As preparation for the actual collection of
data, we developed a case study protocol and
a database in order to organize and document
the raw data. The primary data collection was
conducted through semi-structured interviews
aswell asby direct observation during meetings
and interactions with project team members
and stakeholders throughout the project. The
individual semi-structured interviews with the
different project managers were used to obtain
perceptions and opinions about the project from
different angles as the project unfolded. These
data were used for verification and to fill gaps
where secondary data about the main features
ofthe methodology used by AirRoyal to execute
and manage the ES implementation project were
incomplete. All observation notes, interviews
and gathered documentation were coded and
electronically stored.

In sum, during our eight-month study of
the ES project at AirRoyal, we used multiple
data collection techniques: document analysis,
semi-structured interviews, and direct observa-
tions. In this way we adhered to the tactic of Yin
(2003) to explore multiple sources of evidence
during the data collection process. The use
of several data collection methods offers the
opportunity for (data) triangulation (Benbasat
et al., 1987; Saunders et al., 2007). Or as Yin
puts it: “A finding in a case study is likely to
be much more convincing and accurate if it is
based on several different sources of informa-
tion” (Yin, 2003, p. 98).

Case Introduction

AirRoyal is an international airline operating
worldwide with a fleet of almost 600 aircrafts
and more than 90 000 employees. AirRoyal
carries passengers and airfreight to more than
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250 destinations worldwide, either non-stop or
via another airport.

Aircraft maintenance is crucial to Air-
Royal, and a sophisticated software system is
used in that process, so-called Engineering &
Maintenance (E&M) software. In2006 the busi-
ness case for purchasing a new E&M software
system was approved, a system typically fitting
the definition of an ES, and its implementation
was planned as a step-wise process requesting
sub-implementations for every type of aircraft
separately. Our research focused on the first ES
project that took place in 2008.

AirRoyal decided not to adopt the ES
supplier’s project methodology but to use their
own methodology, based on the Waterfall ap-
proach. AirRoyal planned the ES project as
a linear process with sequential stages based
on the principles of PRINCE2 and PMBOK.
There were two differences in the ES project
management approach at AirRoyal compared
with the definition of the Waterfall approach
taken from the literature. First, the design and
coding stages were combined in one, while
the literature clearly distinguishes these as two
separate stages. Second, a global design was
prepared during the requirements definition
stage and a detailed design during the design
stage, while the literature suggests designing
both during the design stage.

FINDINGS

The data gathered from the semi-structured
interviews, document analysis, and observa-
tions, put down in transcripts, summaries,
and field notes, during our eight months of
full-time access to the ES project at AirRoyal
were analysed step-by-step in such a way that
we could describe the full project from day-to-
day. We triangulated the data, which enabled
us to reconstruct the ‘story’ of the project as
presented in the following section, though very
much compressed and therefore focusing on the
main ‘events’ per stage.

The Starting-Up and
Initiating Project Stage

During the kick-off, all of AirRoyal’s ES project
stakeholders were present: the project managers,
the AirRoyal Information Services department,
the AirRoyal Engineering & Maintenance
(E&M) business analysts (responsible for de-
fining current requirements), AirRoyal E&M
business architects (responsible for designing
the final IT landscape) and AirRoyal ES users.
From the supplier’s side nobody was present at
the kick-off. During this event, the participants
were informed about the goals and scope of
the project, the roles and responsibilities of
the participants and the global planning for
the project.

After the kick-off, the objectives and scope
of the project were evident to the project team
members, but a clear view of their responsi-
bilities and the detailed planning of the first
stage was lacking, as one of the project team
members said:

1 had no idea what was expected from me and
what the approach would be to achieve the
objectives of the first stage. [A project team
member]

It was also clear that the project used a
Waterfall approach to achieve its objectives
(Table 1). The project manager was aware of
some of the pitfalls of a Waterfall approach,
because during the kick-offthe project manager
explicitly pointed out the importance of defin-
ing realistic requirements within the scope of
the project:

Be realistic in requirements; strive for an opti-
mum between dreams and realism in the given
timeframe. [The project manager]

The Requirements Definition Stage

The start of the project was the transition from
the initiating stage to the requirements defini-
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Table 1. Summary of the starting up and initiating stage

Stage of ES project at
AirRoyal

Summary of main ‘events’

Starting up and initiating
the project

members

fall].

* Initiating document set-up to enable a clear and controlled start of the project
and to plan the overall project.

* Sharing the project kick-off with all project team members.

* Roles and detailed planning of the first stage were not clear to project team

* Project member warned the team of pitfalls of the approach applied [Water-

tion stage (Table 2). It was clear to the project
team members that a number of workshops
would be organized to arrive at a final list
of requirements, but they did not know what
needed to be prepared for these workshops nor
their agenda.

To agree on the requirements was a hard
and painful process at AirRoyal. After defining

to be evident in the solution, and as such, they
found it difficult to accept that some of their
requirements were not (yet) included. At the
same time, as the project manager remarked,
in this way the project team members were
involved in the project:

During this stage there were many endless

therequirements, team members expectedthem  giscussions which were time consuming and

Table 2. Summary of the requirements definition stage

Stage of ES project at AirRoyal Summary of main ‘events’

Requirements definition
stage

» Workshops organized to determine requirements involving the project
management, supplier’s consultants, AirRoyal’s E&M business analysts and
architects, and AirRoyal E&M end-users

Business processes as mapped for the ‘standard’ ES were used to identify the
requirements for AirRoyal’s ES.

AirRoyal did not prepare any lists of requirements prior to the workshop
Participants perceived this stage as the hardest - to determine the requirements
for the business processes of the new ES

The proposed requirements exceeded what was actually needed to achieve
the ES project objectives

In general, lengthy and tough discussions were needed, and participants found
it difficult to determine what was really required

The supplier’s consultants were perceived as not partnering well during the
workshops

Based on the requirements (not yet approved), the global design was set up
by the supplier. This document proposed an initial design presenting on an
abstract level how the requirements would be met

Thesupplierand AirRoyal ES project management jointly reviewed the global
design, and based on this review, the design was refined, and after a hard and
painful process, agreement was reached on a number of requirements that
would be excluded from the design

Initiating documents were refined based on a clear scope of the project
This stage was formally approved by the project board five months after its
start (a two-month delay)

Perceived as a very time-consuming and difficult stage after all, but consid-
ered necessary to achieve full involvement and commitment of all project
team members
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even causing irritation. I let this happen be-
cause these discussions were required to keep
all the project team members involved in the
project and to get user acceptance in the end.
If these people would feel ignored, they would
do everything to stall the project and they will
spread harmful rumours about the ES which
will affect the end-user acceptance. [AirRoyal
E&M project manager]

Originally, three months were scheduled
to complete this stage, but the definition of the
requirements turned out to be a more difficult
exercise than expected. One of the project team
members noted that some perceived this stage
as the most difficult one:

Based on my experience from the previous
project I think it was not realistic of the project
management to schedule only three months for
the requirements definition stage, because we
experienced the most difficulties during this
stage in the previous project. [A project team
member]

The Design and Coding Stage

During this stage the approved global design or
solution overview was elaborated, which was
based on the AirRoyal E&M requirements and
intended for building by the supplier (coding).
The kick-off meeting for this design and coding
stage (Table 3) took place at AirRoyal, again for
all stakeholders. The kick-off was very clear,
and the participants were ready to start with
this stage, as one of the AirRoyal’s ES project
team members said:

Itis atight schedule, but the approach feels like
a very good way to achieve the desired result.
[ES project team member]

The project manager and the project team
members were truly satisfied with the translation
of their requirements into the detailed design.
Theirrequirements were incorporated as agreed
upon in the solution overview, and during the
first review it was felt that the design was suf-
ficient to enable them to perform their work
effectively and efficiently. When asked why
they flagged many issues during the previous
workshops although they were satisfied with the

Table 3. Summary of the design and coding stage

Stage of ES project at
AirRoyal

Summary of main ‘events’

Design and coding stage

* + The supplier and the ES project management jointly elaborated on the global
design, and this elaborated design was built during this stage

« Different elements of the global design were elaborated and built in parallel
through a number of iterations

» First iteration: the supplier builds a prototype of the ES based on the global
design for use in the first review session

* The supplier and the ES project management jointly reviewed the prototype
and evaluated the global design based on this prototype

* The ES project management was satisfied with the quality of the first iteration,
although many issues were identified on a detailed level

» Team leaders were selected to manage the designing and building (resulting
from the review sessions) of their assigned element(s) of the entire design

» Some of the supplier’s team members stayed with the project during designing
and building in order to improve communications

 The approach towards detailed design worked very well; perfect cooperation
between the stakeholders

* The second joint review session resulted in an approval of the detailed design,
thus the ES was ready to be tested as an integrated system
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incorporated requirements, the project manager
had an interesting answer:

On a high level (business process) the list of
requirements we formulated was complete and
these are incorporated satisfactorily, however
the devil is in the detail... [Project manager]

The project manager was sure that once the
requirements were implemented on a detailed
level, they would find unexpected interrela-
tions and unforeseen issues. He realized that it
was almost impossible to identify all potential
low-level issues during the requirements defi-
nition stage. Therefore, resolving issues was
incorporated in the planning of the design and
coding stage.

During the final review session, which
lasted one week, all the use cases, reports,
interfaces and adjusted work instructions were
approved (all as separate units), and the team
leader Training indicated that the training
materials were finished to a previously agreed
level. Minor issues were still identified during
this session, but not all of them were resolved.
Those issues were estimated as representing a
marginal risk for the success of the project and
couldberesolved before system testing started.
Based on this information, the project manager
wrote the end-stage report, which stated that
all the units of the ES were built in accordance
with the solution overview, except for some
small changes. Based on this end-stage report,
the project manager received permission to
proceed to the next stage.

The Test Stage

During this stage all designed elements were
tested to see whether they worked together cor-
rectly and to determine if the system was ready
foracceptance by the customer. According to the
project manager from the supplier’s side:

The system test was done to validate that the
ES was ready to be accepted by the customer,
it would be poor promotion and the customer s

confidence in the ES would drop when numer-
ous no-go items were identified during the
acceptance test. [a supplier’s side project
manager]

The system test took three weeks. Based
on the results of this test, the supplier had to
carry out revision work to fix all the identified
issues up to a level that would be sufficient
for the system to undergo the acceptance tests.
The criterion for approval to proceed to the
acceptance test was defined by the supplier in
the test plan. After two weeks of revision, the
identified issues were resolved sufficiently,
and approval was given to proceed to the ac-
ceptance test.

The acceptance test took two weeks, and
various no-go items were identified even though
it had passed the system test. These items were
related to errors in the system (not detected
during the system test), but also to missing
functionality.

A major issue was the performance of
the ES, however. Based on the result of the
acceptance test, the supplier’s side project
manager said:

We performed the system test at the suppliers
site, but when we did the acceptance test at
AirRoyal we ran into all kinds of unexpected
issues because of the different test environment.
Therefore, we decided to execute future system
tests at the customer s site. This requires more
resources, but then we can be more certain
that the ES is ready for customer acceptance
and in this way reduce the risk of a possible
disappointment by the customer. [Supplier's
side project manager]

As mentioned earlier, some missing func-
tionality was identified during the acceptance
test. Most of this functionality could not be
traced back to the original requirements, or as
one of AirRoyal’s ES project team members
put it:
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We simply did not realize that we missed this

functionality until we actually carried out all
the real-life scenarios with the ES. [AirRoyal s
ES project team member]

This functionality was required by Air-
Royal, but it did not have a large impact on the
project as it concerned some minor changes in
the configuration of the ES. (See Table 4)

The Operational Stage

After the ES was accepted, the next and final
stage of the implementation was to get the
new ES operational (Table 5). This implied
the replacement of the old system (so-called
site activation). Consequently, the operation
stages included two major topics: training of
end-users and the transfer process from the old
to the new system. The user training process
had already been initiated during the require-
ments definition stage when the initial training
development and deployment plans were set

Table 4. Summary of the test stage

up. These plans were included in the overall
project planning and recorded in the refined
project charter, which was approved by the
project board. According to the AirRoyal team
leader responsible for training:

Previous projects had significant delays because
of training issues, therefore we initiated the
training process as early in the project as pos-
sible and it was required that the project board
was committed to the training plan. [AirRoyal
team leader training]

During this project, user training started at
the same time as the joint system and acceptance
test. The reason for this was according to the Air-
Royal team leader responsible for training:

From the start we knew that it would be an im-
mense job to train all these people within six
weeks and therefore we decided to take the risk
of possible changes in the training material and

Stage of ES project at . ,
AirRoyal Summary of main ‘events
Test stage  An installation record was set up to check the versions of the different units

built during designing which were integrated into one system
 The supplier and AirRoyal defined their test cases (scenarios) and test plan
(summary of all the scenarios and the acceptance criteria) which would be
used to perform their tests
The system test did not pass the acceptance criteria, and the supplier had to
carry out revision work to fix the identified issues
After two weeks the issues were resolved to a sufficient level to pass the ac-
ceptance criteria, and approval was given for the acceptance test
AirRoyal performed the acceptance test, this was done in the ‘real-life’ setting
of the ES (including interfaces and 100% accurate data)
Various ‘no-go’ items were identified during the acceptance test
The ‘no-go’ items were mainly unexpected issues revealed by the different test
environment compared with the system test. Only a few issues were related to
missing functionality
A ‘no-go’ after the acceptance test required a new cycle of system tests and
acceptance tests, a decision taken jointly
A month of revision work was required before this joint system and acceptance
test could start
The result of the joint system and acceptance test was within the acceptance
criteria, and only some minor issues were identified
The ES was accepted by AirRoyal, and approval by the project board to continue
to the next stage was given two months behind schedule
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Table 5. Summary of the operational stage

Stage of ES project at

X Summary of main ‘events’
AirRoyal ek

Operational stage » The two major topics of this stage were user training and site activation

» The process of user training was already initiated during the requirements
definition stage; the training plan was set up then and included in the project
planning

* Training material was prepared, and trainers were trained during the design
stage; after the test stage, the changes were incorporated

 During this stage the training was deployed, and 350 users were trained

* When a sufficient level of users were trained, site activation (actual transfer
from one system to another) was initiated

» Thesupplierand AirRoyal’s project managementjointly defined the site activation
plan, including the site activation strategy, approach, participants, ‘go’/‘no-go’
criteria, support infrastructure and contingency planning

* Old and new systems were running in parallel for a while

* Running both systems in parallel was done to compare the performance of the
new system with the old one

* Only a few issues were identified during the parallel run, and they were mainly
related to incorrect data entry by users

 After a very smooth site activation and a one-week parallel run, the AirRoyal
ES project board arranged a ‘go-live’ ceremony

» The ‘go-live’ sign was given by a AirRoyal Executive and was perfectly on
schedule according to the planning of this particular stage

by doing this gained two additional weeks of The Closing Stage

training. [AirRoyal team leader training]
During the parallel runand directly after go-live,

atransition-to-support team was in place to sup-
porttheusers (Table 6). During the transition-to-
support period, a transition manager was ready
tomanage the support process. The project board
received reports at least once a week about the
status of this process. The project team was very
pleased with the site activation process, as one
of the project team members said:

After the site activation was completed
successfully, the project was ready for the
‘go-live’ decision. The project board arranged
a ‘go-live’ ceremony which also formed the
approval to continue to the next stage. During
this ceremony an executive of AirRoyal gave
the formal ‘go-live’ signal, and the old Air-
Royal ES system was switched off. The project
manager of AirRoyal was very satisfied with

the result of this stage as expressed through the
following statement:

During the previous stages of this project we
had to deviate from the schedule because of
various issues, while in contrast, this site ac-
tivation went extremely smoothly and accord-
ing to schedule. This shows that it was a long
and hard road getting there, but all the effort
resulted in a high-quality product. [AirRoyal
project manager]

The post go-live supportwas perfectly arranged,
there was always someone to assist the end-
users, and issues were resolved very quickly
by MXI (the supplier). This, together with the
performance of the ES, resulted in a very good
acceptance of the ESby the end-users. [Aproject
team member]

The IT service desk of AirRoyal had al-
ready been tested for their ability to provide
end-user support.
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Table 6. Summary of the closing stage

Stage of ES project at L ,
AirRoyal Summary of main ‘events
Closing stage * Ongoingend-user support was installed The plan forimplementing the transition-

to-support team and the ‘project-exit criteria” was jointly developed by the
supplier and AirRoyal’s ES project team during the previous stage

 The transition-to-support was perfectly organized, was on schedule, and the
exit criteria were met four weeks after ‘going live’

 All project team members were de-charged from the project after the ES project
board formally approved the ‘end project report’

* The project was finished five months later than originally scheduled, nevertheless
user acceptance was very high

Finally, an ‘end project report’ was written,
which also listed the lessons learned during this
project. The project board reviewed the docu-
ment and gave approval to close the project
down. As a final reflection, the AirRoyal ES
project manager stated:

The project was closed down five months later
than originally scheduled, nevertheless the user
acceptance was great, and we have learned
various useful lessons for carrying out future
projects. [The AirRoyal ES project manager]

Comparison of Results
with the Drawbacks of the
Waterfall Approach

Before evaluating the Waterfall approach,
we must emphasize the high quality of the
implementation process of ES at AirRoyal.
The discussion above shows that every imple-
mentation stage resulted in a positive outcome,
ranging from the project leader’s satisfaction
to approval by the board. We clearly observed
the evolutionary growth of the implementation
quality results. The starting-up stage resulted
in warnings given by the project member about
the pitfalls of the applied approach [ Waterfall].
Then, during the requirements definition stage,
the supplier and AirRoyal ES project manage-
ment achieved a joint revision of the design
and agreement on a number of requirements.

While designing and coding, the stakeholders
acknowledged perfect collaboration that led
to an approval of the detailed design and ES’s
readiness to be tested as an integrated system.
The test stage showed that the acceptance level
was within the expected criteria. The ES was ac-
cepted by AirRoyal and approved by the project
board. The closing stage showed a delay of five
months, but very high user acceptance.

This illustrates the success of the imple-
mentation process at AirRoyal that we defi-
nitely attribute to the Waterfall approach the
company used.

According to the literature, one of the
drawbacks of the Waterfall approach is that it
isnot able to deal with uncertainty and changes
in requirements (occurring from the wicked
problem; McConnell, 2004) dueto its high level
of formalization and its sequential stages.

The case of AirRoyal showed that the
wicked problem does occur in practice, and that
requirements do change during an ES project.
However, the Waterfall-based ES project was
able to deal with the wicked problem in practice
and with uncertainty and changes in require-
ments throughout the project. Furthermore, the
impact ofthese requirements changes was not as
severe as discussed in the literature. We explain
this result as due to the fact that in practice
ES projects are not ‘built from scratch’, and
industry standards are available through the
supplier that only need some specific adjust-
ments. Therefore, in the AirRoyal case there
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was some sort of “back-up’to rely on, a type of
knowledge base from earlier cases about how
to deal with requirement adjustments.

Anotherinteresting difference between the
Waterfall approach as described in the literature
andthe approachin practice is thata major partof
the designing is already included in the require-
ments definition stage. A rudimentary design
is established that describes the final design up
to a low level of detail, which is sufficient to
convey to the end-users how the requirements
will be met. This rudimentary design provides
end-users with a betteridea of the completeness
and correctness of the requirements and allows
the incorporation of change in the requirements
prior to stage approval. Further design work is
done in the coding stage. Therefore, the Air-
Royal case study showed that there is space
for joint design and coding, and that the design
goes through anumber of early iterations where
adjustments to the requirements can be made,
providing end-users with an overview of an
early release of the ES.

Another acknowledged drawback of the
Waterfall-based ES project management ap-
proach is that by freezing requirements at the
beginning of the project, end-users tend to ask
for everything they think they might need, es-
pecially if they believe they will only get ‘one
shotatit’. Orin other words, there is arisk of an
increased scope of a project, well beyond what
is necessary to meet a project’s overall target.
This drawback was observed in the AirRoyal
ES project as well. However, in practice it
seemed to have a limited impact on the project’s
success. The explanation for this is again that
requirements were prepared in practice on an
existing industry standard-based ES from the
supplier and not from scratch, something which
is not always considered in descriptions of the
Waterfall approach in the literature.

The third drawback of the Waterfall ap-
proach is that its orientation toward planning
means that by the time that building of the
system has finished, the problem it is supposed
to solve has changed; one might build software
with few defects this way, but when it is ready
it turns out to be the wrong software. In the

AirRoyal ES project this drawback did not
emerge. It was not a very smooth process to get
the ES implemented, but the acceptance of the
ES was very high since it met the end-users’
expectations. Moreover, the ES dealt with all
the problems it needed to solve.

Overall, the Waterfall approach-based ES
projectatAirRoyal was able to deal with require-
ments uncertainty and changes. By including
the initial part of the design stage (rudimentary
design) in the requirements definition stage and
the remaining part of the design stage (detailed
design) in the coding stage, the Waterfall ap-
proach includes some of the features that are
said to be so special of the Agile approach.

The design process was done in two itera-
tions. After each design step the ES was actually
built according to this design, and therefore the
building of the ES occurred in two iterations
as well. The two design and building iterations
resulted in an early release of the ES. Before
the design was formally approved, the end-users
had already had an opportunity to actually work
with a prototype of the ES. The two design
and building iterations and the early releases
resulting from this allow for more frequent end-
user feedback. The initial design part carried
out during the requirements definition stage in
AirRoyal’s ES project permitted more frequent
end-user feedback as well.

It can be concluded that a Waterfall
approach-based ES project, if well managed,
has features thatits opponents claim it lacks. By
applying these features, a Waterfall approach-
based ES project keeps its original focus on
planning but is flexible in responding to chang-
ing requirements.

CONCLUSION AND
DISCUSSION

The main research question in our study was:
how does a Waterfall approach-based ES
project deal with requirements uncertainty
and changes? By means of an in-depth case
study, we collected data about an ES project at
a major airline company during eight months
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of full-time access to project meetings, project
documentation, and direct observations and by
conducting semi-structured interviews with
project managers and team members. Through
data triangulation and interviewing different
stakeholders, we were able to reconstruct the
‘story’ of the ES project.

The answer to the research question is that
a Waterfall approach-based ES project deviates
in practice to certain extent from its features
as presented in the literature. These deviations
include splitting the design stage; one major
part is included in the requirements definition
stage, and the other partis included in the coding
stage. Based on the requirements, arudimentary
designissetup in the former stage that describes
the design with a low level of detail, which is
sufficient to convey to the end-user how the
requirements will be met.

The other part of the system design (de-
tailed design) is included in the coding stage.
Thus, in practice a Waterfall approach-based ES
project includes a joint (developers plus end-
users) design and coding stage, and involves a
number of iterations. In this way, adjustments
to the requirements can be made and changes
included before a final design is approved.

Furthermore, the wicked problem does
occur in practice, and thus requirements are
subject to change in an ES project. However,
a Waterfall approach-based ES project does
not turn out in practice to be as ‘simplistic’ and
inflexible as opponents of the approach claim.
It does include features typical of an Agile ap-
proach, such as iterations, early releases, and
frequent end-user feedback, though in a more
moderate way.

By doingso, a Waterfall approach-based ES
projectkeeps its original focus on planning, but
is more flexible in responding to requirements
uncertainty and changes. In the case of AirRoyal
this turned out to be sufficient and resulted in
successful user acceptance of a new ES.

Interestingly, the impact of requirements
uncertainty and changes in practice was less
than the literature suggests.

The main conclusion of our research is
therefore that the ‘demise’ of the Waterfall ap-
proach for ES implementation projects is not
imminent. In practice, this approach seemed
to be an appropriate one to successfully imple-
ment an ES.

Discussion

The question emerges: where do we go from
here? If the Waterfall approach seems suitable
for ES development and implementation, then
what remains of the criticism brought up by its
opponents? Abrahamson et al. (2009) state that
“Agile system development methods emerged
as a response to the inability of previous plan-
driven approaches to handle rapidly changing
environments”. Our in-depth case study presents
evidence, however, thata so-called plan-driven
approach like the Waterfall approach is more
suited for changing environments than claimed
by the Agile community.

Perhaps the literature has contributed to the
division between the two camps by using labels
that do not fully represent reality. Abrahamson
(2009) at least acknowledges that there are
shortcomings in Agile systems development
research, such as a lack of understanding of
what constitutes ‘agility’.

The same could hold true for research on
plan-driven approaches as well, such as what
does a term like ‘plan-driven’ mean? A pos-
sible common sense response could be that
plan-driven approaches are still designed by
humans, and still need human interaction and
collaboration for their execution. Therefore,
an intriguing question is whether in reality the
dividing line between the plan-driven Waterfall
and user-oriented Agile approach is more of a
sliding scale.

Limitations and Future Research

To ensure the quality of the findings of this
research, we carefully followed the prescribed
tactics for single case study research. To improve
the validity and reliability of this research, the
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single case was selected very carefully, multiple
sources of evidence and multiple viewpoints
on the phenomenon were used, and a research
protocol was followed. However, there are
some limitations that should be noted. The
most significant one concerns generalization
of the research findings (the external validity),
as single case studies form a limited basis for
generalizing. In order to strengthen the findings
of this research and generalize them, further
case studies should be undertaken. Regardless
of'this limitation associated with the methodol-
ogy used, this research still provided various
useful findings of interest to both academics
and practitioners. Although we were able to
generalize to the level of a theory as Yin sug-
gests, future cases would be helpful to under-
stand the contingency factors of the Waterfall
approach across different sectors and types of
organizations.

This research was limited to the investiga-
tion of a Waterfall approach-based methodology
for ES implementation projects. Future experi-
mental research design might include an Agile
approach-based methodology for ES implemen-
tation project management. This would provide
the opportunity to investigate the effects of an
Agile approach on ES implementation success,
and would allow for comparisons.

Finally, this research was driven by our
curiosity regarding the high failure rate of ES
implementation projects. During the literature
review, project management was identified
as one of the most significant critical success
factors. The proposed modifications to the
Waterfall approach-based ES implementation
methodology as an outcome of this research
shouldresultin greater ES implementation suc-
cess. Forthatreason, future research is required
to verify that the modified approach towards
ES implementation project management will
actually result in a greater ES implementation
success rate.
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