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ABSTRACT

An ERP (Enterprise Resource Planning) project is
considered highly risky, since it is large, complex, usually
unfamiliar to the organization and implemented under a tight
timetable. It usually entails process reengineering and many
changes. To reduce the risk and improve the probability of
project success, an orgamization can use a structured
development approach for such a project, beginning with the
selection stage and culminating in the operation stage.

There are several conventional structured development
approaches. The major ones are the ISDLC model, the
prototyping approach and the software package life cycle model.
The implementation of an ERP system requires a new
methodology that combines components from each of the above
approaches. The model suggested in this paper is comprised of
four stages: (1) selection; (2) definition; (3) implementation; and
(4) operation. Several organizations that have adopted this
structured methodology have evidenced a successful ERP
implementation

INTRODUCTION

An ERP (Enterprise Resource Planning) system is an
integrative information system that supports the work processes
and resource management of an organization. The system is
comprised of several applications whose integration supports the
management of the organization’s supply chain and its ongoing
operation.

An ERP implementation project is usually very large and
complex and combines an implementation of a new information
system (IS) together with a redesign of work processes (7, 29).
In most cases, this is the largest IS project ever implemented in
the organization. The project is highly risky because it involves
complexity, large size, high costs, a large development team and
usually a tight time schedule (10).

In an ERP implementation, there must be a mutual fit of the
system to the organization and of the organization to the system.
A study that examined 310 manufacturing organizations in Israel
found that different manufacturing organizations gain different
benefits from their similar IS applications related to ERP, as a
function of their organizational characteristics (23). In addition,
most implementations included additions and enhancements to
the system in order to support functions and tasks that were
unique to the specific organizations.

An organization that can use a structured and well-defined
methodology for implementing an ERP system, progressing
from the selection stage to the operation stage, can reduce the
degree of risk and improve the probability of project success. It
is claimed that an organization that adopts a structured approach
to an ERP implementation can realize 10% savings in total IT
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costs over five years (10).

The literature suggests various models for developing an IS
application; this paper reviews three main methodologies:

e The conventional information system development
(waterfall) approach that deals with developing an
application;

e The prototyping approach that focuses on using a
prototype during the development of an application;

o The life cycle model of an application software package
acquisition and implementation that describes the
process of organizing and implementing an application
package.

The literature does not suggest, however, any model that
describes a structured development and implementation process
for an ERP package. The conventional models do not cope well
with the need for the mutual fit between the ERP package and
the organization. The waterfall and prototyping approaches fit
the developing of an application customized to the organization;
the application software package approach fits the selection and
implementation of an “as is” application. An ERP system
requires the characteristics of both approaches.

The purpose of this paper is, therefore, to design a new
development model that will combine main traits from all
traditional approaches and be compatible with the unique traits
of an ERP project. The model will be generic and could thus be
useful for implementing an vendor’s ERP package, in any
industry and in any market (domestic or international).

TRADITIONAL SYSTEM DEVELOPMENT MODELS

This section reviews three conventional approaches to
developing an information system application.

Information System Life Cycle (The Waterfall Model)

The phases of development through which any individual
IS application goes range from an initial information
requirement — problem or opportunity — through the design,
construction and operation of the system, to the eventual
termination of the system, which triggers a life cycle of a new
system (28, 30). The development of every information system
application is a project-oriented undertaking that follows a
uniform pattern consisting of a structured series of activities.
Every one of these major activities can be broken down into
smaller task; each of these tasks almost invariably occurs in
every application development project.

The life cycle of a computerized information system
contains the following phases and activities (Figure 1):

» Definition phase (preliminary analysis, feasibility study,

information analysis, system design)

¢ Construction  phase  (programming, procedure
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development)
¢ Implementation phase (conversion)

e Operation phase (operation and maintenance, postaudit,
termination)

FIGURE 1
Information System Development Life Cycle Phases
Definition
A
b ] Construction
Changes A
Implementation
A
Changes i
gl Operation
Changes and
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A preliminary analysis is usually conducted before an
information system is designed and implemented. The analysis
is to determine if the problem or the subject due for
development warrants further analysis. It also refines the
problem statement and creates a preliminary plan for an in-depth
analysis of the problem.

The major purpose of the feasibility study is to establish
whether a project should be done and how it should be done if
justified. The major purpose of this activity is to determine
whether it is feasible to develop and install a system.

The information analysis activity is sometimes justifiably
called the logical (or conceptual) design step, to distinguish it
from the next activity of system design, sometimes called
physical or technical design. Because of the relatively large
scope of this activity, it usually consists of three parts: (1)
analysis of present system, with the emphasis on what is taking
place in the system; (2) determination of the information
requirements, with the emphasis on why they cannot be provided
effectively or efficiently by the current system; and (3)
conceptual design of the new system.

System _design is the creative activity of devising the
program and procedure specifications for processing data by the
new system. It involves the development of complete and
detailed programming specifications from which the
programmers can proceed with little or no additional outside
reference.

During the programming phase, coding and testing of
computer programs take place. The programs are then tested by
actual execution on the computer system.

While the programming activity results in computer
instructions, the procedure development activity results in
instruction for human involvement with the new system.
Procedures for the various users and operators of the system are
written and tested. This activity concurrently proceeds with the
programming activity and is equally important.

Conversion refers to (1) training the personnel operating
and using the new system, (2) breaking the system in, and (3)
acceptance testing by the user. In most cases conversion is
associated with making changes from an old system to a new
system.

At the conclusion of the conversion activity, the system
moves into the operation phase of life. The development
activities of the information system life cycle are now
terminated. The system now operates like a production facility,
processing data, producing information and undergoing
maintenance.

Periodic postaudit review form control points throughout
the operation of the system. These reviews will indicate when
the life of the current system is drawing to a close and a new life
cycle is indicated. Termination is imperative when requests for
changes and the number of errors reach a level where the
continued operation of the current system is not worthwhile.

The structured life cycle of an information system may
convey an impression of a completely linear process, where each
step must terminate before the next one starts. However, not all
activities are necessarily performed linearly. Some may overlap
or be performed in a parallel manner. Others cannot be started
before the conclusion of a preceding activity. The life cycle thus
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changes from organization to organization, from system to
system, and from period to period. The only aspect that is
completely linear is the succession of management checkpoints
throughout the life cycle.

The Prototyping Model

The prototyping approach to systems development is, in
many ways, the very opposite of an old-style SDLC. Instead of
spending a lot of time producing very detailed specifications, the
developers find out only generally what the users want. The
developers do not develop the complete system all at once.

Instead they quickly create a prototype, which either contains
portions of the system of most interest to the users or is a small-
scale working model of the entire system. After reviewing the
prototype with the users, the developers refine and extend it.
This process continues through several iterations until either the
users approve the design or it becomes apparent that the
proposed system cannot meet their needs. If the system is viable,
the developers create a full-scale version that includes additional
features.

Figure 2 displays a four-phase model for developing a
prototype (3, 20).

FIGURE 2
System Life Cycle Based on a Prototype
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development

implementation
and use
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The identification phase defines the main user
requirements. Because the requirements are not well understood,
users and developers start by building a prototype instead of
writing a functional specification.

The development process emphasizes speed and rapid
feedback. It begins by developing an initial prototype that
demonstrates some of the desired processing but is far from
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complete. Next come a series of iterations, each modifying the
prototype based on user comments about the most recent
version. Once the requirements are clear, the users and technical
staff must decide how to proceed. They might conclude that the
project should be abandoned. If the project is to continue, one
approach is to complete the prototype using the code that has
been generated thus far. Another is to shift to a traditional
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system life cycle by writing a specification based on what has
been learned and then doing the design based on the desired
level of information system performance. If the system is
primarily for management reporting or if business problems are
changing rapidly, extending the prototype might be a better
choice.

When using a prototype, part of the implementation is done
in parallel with development. Users try out the prototype during
successive iterations and become familiar with what it does and
how it can help them. Systems developed this way may require
less user training in the implementation phase. The conversion
step should be similar to that of the traditional approach. In the
last phase of the prototyping approach, changes required by the
previous phase are used to develop a new version of the
prototype. The last two phases are iterative, until the prototype is
accepted by the users.

At the end of the four phases and after the user has
accepted the prototype, the development of the real information
system application can start. There are three methods for
switching from the prototype to a full-blown system (2, 9, 15).

The Application Software Package Model

Purchasing an application package reduces the time delay
until a system can be operational. It also reduces the amount of
system development work that is needed. However, as will be
apparent by looking at the phases of acquiring and using an
application package, the life cycle for those systems still
requires a great deal of effort. It might seem that buying an
application system from a vendor would bypass most of the
work of building and maintaining the information system. In
fact, the company’s staff must still work on all phases to ensure
that the right application package is selected and is set up and
supported properly.

The major advantages of application software package
implementation are lower costs and faster implementation (18).
The cost of implementing an application package is usually
lower than that of customized developments because the vendor
can spread the development cost over many clients. Also, the
time required to implement an application software package is
shorter than that of customized developments because coding,
testing, and debugging are unnecessary. However, the need for
modifications to an application software package reduces these
advantages (13). But the need for such modifications can be
reduced if systematic managerial efforts are devoted to
analyzing requirements, evaluating candidate packages, and
implementing the acquired application software package.

Shin and Lee (25) suggest an application software package
life cycle model consisting of three phases that are divided into
25 activities that are performed sequentially or in parallel.

The first phase, project formulation consists of eight
activities. The objective of the phase is to capture users’ needs in
order to define the criteria for comparison among application
software package vendors. The phase can be divided into two
sub-phases:

e Project initiation - this sub-phase consists of four activities
performed sequentially:
¢ Appointment of a project committee.
¢ Definition of problems to solve.
¢ Definition of scope and goals of the project.
¢ Planning the overall selection and implementation process.
¢ Analysis of needs — this sub-phase consists of four activities
performed sequentially:
o Analysis of the current system.
¢ Definition of users’ requirements.
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e Investigation of organizational constraints.

e Integrating the results of the preceding seven activities.

The second phase, application software package selection and
acquisition, consists of nine activities. The phase can be divided
into three sub-phases:

e Preparation — this sub-phase consists of four activities
performed sequentially.

e Searching for information about candidate packages.

¢ Evaluating and listing alternative packages.

e Developing an RFP.

¢ Developing a model for evaluating the packages suggested
by vendors responding to the RFP.

o Selection — this sub-phase consists of four activities
performed sequentially:

* Analysis of vendors’ proposals.

Conducting interviews with vendors.

Testing the proposals and/or conducting site visits.

Selecting the best system and getting management

approval.

* Acquisition — this sub-phase consists of one activity:
contractual negotiation with the vendor, issuing the purchase
order and receiving the application software package.

The third phase, installation, implementation and
operation, consists of eight activities. The phase can be divided
into two sub-phases:

e Installation and operation — this sub-phases consists of seven
activities:
¢ Developing the implementation plan.

e Modifying the application software package, if needed.

¢ Modifying organizational processes to fit the application
software package, if needed.

e Training of users.

e Data conversion.

® Acceptance of the package in the users’ environment.

o Operation and maintenance of the package.

e Performance evaluation - this sub-phase consists of one
activity: periodic evaluation and audit of the application
software package performance and, eventually, a decision to
terminate the use of the package and to start a new life cycle
process.

CHARACTERISTICS OF AN ERP
DEVELOPMENT METHODOLOGY

Section 2 presented three structured development models.
In many aspects, an ERP system is an extension of an MRP
system, which is acquired as an application software package or
developed in-house. An ERP life cycle approach could therefore
be based on one of these models. However, because of the ERP
life cycle characteristics discussed in this section, it is claimed
that the ERP life cycle approach has to combine features from
those three models.

Several characteristics affect the ERP life cycle, its
objectives and its phases. Figure 3 exhibits nine main
characteristics that shape the ERP life cycle.

Other characteristics that are not unique to an ERP system
(such as “type of organization™) similarly affect the development
of any IS application but are not included here.

Complexity
The simplest system includes one application that can be

operated independently of other organizational applications or
that has a very friendly user interface. A highly complex system
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includes many applications that are internally linked and also are
linked to other systems in the organization. Usually, the

difficulty in such systems is in information integrity and in
managing the interfaces (linkages).

FIGURE 3
Characteristics Affecting the ERP Life Cycle
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An ERP system is the most complex system today within
the realm of information systems. It includes many applications
that support many organizational processes. The degree of
differentiation among the applications is high and the degree of
difficulty in implementing and maintaining each one is different.
Complexity engenders high risk (19). Because of its complexity,
determining the system’s boundaries is one of the most
important subjects in the beginning of the project. In order to
achieve implementation success, the project has to be bounded
and the ERP applications that will be implemented (and when)
must be clearly defined in the beginning of the project.

Strategic Importance

A strategic (competitive) IS application is one that has an
impact on the organization’s success and that supports its
strategy (21). Such an application can pose a great risk to the
organization. A non-strategic application supports organizational
operations that are not crucial to its success; hence, it does not
pose a great risk. An ERP system is highly strategic since it
supports all organizational processes. At the same time, the
system includes a significant number of non-strategic
applications (e.g., a human resources module).

Because of the crucial role and the high risk of an ERP
system, it is important to select the best system and a reliable
vendor who will support the system for many years. Many
organizations also tend to appoint the CEO or a senior VP as the
ERP project leader and to manage the project rather than to
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outsource it because of the strong linkage of the project to
corporate strategy and of their familiarity with the organizational
processes (27).

Flexibility

An ERP system is an application software package that
excels in its flexibility compared to other packages. Flexibility
can be described by four dimensions:

e Parametric flexibility — the system can be designed according
to the organization’s needs by defining its parameters.

o Code changes - system segments can be changed by changing
the relevant software segments. The changes can be
performed by the vendor, a consultant, or by the IS
department.

o Module addition — the system enables the addition of software
segments that constitute additional modules to the system.
The additions can be implemented, again, by vendors,
consultants, or by the IS department.

o Connectivity to other systems — satellite systems can be linked
to the ERP system in order to complement data processing
and analysis (for example, a data warehousing application).

The flexibility is particularly important to the system’s
strategic importance because the organization is interested (as
much as possible) in a unique customization of the system in
order to reap competitive advantages.
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Application Scope

The wide scope of an ERP project, which aims to provide
one overall solution and its inter-functional nature cause unique
problems that require management’s involvement during
implementation (6, 7). The problems are:

Project control.

Need for integration among organizational units.
Difficulty in determining timetables.

Increased project risk.

High implementation cost.

Technological Infrastructure

An ERP system is based on advanced technologies. In most
organizations, the move to the new system requires the
replacement of the existing infrastructure. This activity increases
the risk level of the project since it involves an additional capital
investment, appropriate personnel skills and even the possibility
of a temporary shutdown of business. For this reason, the
activities relevant to infrastructure changes (e.g., identification
of new technology) must be incorporated in the ERP life cycle.

Organizational Process Changes

An ERP project includes a massive change of work
processes and information flows. Naturally, introducing changes
is a difficult political process that can trigger resistance from
conservative organizational bodies and persons. There s,
therefore, a need to add marketing elements when selling the
system to the various departments (5) and to involve
management in decision-making (8). Also, the selection of the
most appropriate ERP system impacts the number of
organizational changes (17, 18).

Another ERP life cycle implication is that there 1s no need
for a detailed RFP, since ERP systems cater to the standard
processes in organizations in the relevant industry. An RFP for
an ERP system should, therefore, cover only the processes
unique to the organization.

Intensity of Relationship with Vendor

The intensity of relationship changes according to a
system’s importance to the organization — the higher the
importance, the more intense the relationship. Since an ERP
system is highly strategic to the organization, is highly complex
and has a wide scope, the relationship with the ERP vendor is
quite intense. It is clear that project success depends on a joint
effort of the vendor and the organization.

During system implementation, the intensity depends on
the vendor’s experience in similar organizations. The
relationship with the vendor continues into the phase of
operation and maintenance, when changes are performed and the
system may be upgraded. Relying on a single vendor increases
the degree of project risk (26). Therefore, during the selection
phase, the vendor’s financial conditions must be heavily
weighed.

Employing External Consultants

Employing consultants in any application software package
implementation depends on several factors: system’s scope, the
experience and know-how of the IS unit in implementing similar
systems and, of course, the consultant’s experience in similar
projects. An ERP project requires many skilled human resources
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during implementation who are not needed later during
operations. Many organizations prefer, therefore, to employ,
during implementation, experts from consulting companies that
specialize in ERP projects.

Users’ Involvement

Research shows that the interaction between users and
developers is very important (12, 16) and that the degree of
users’ knowledge affects project success (19). Some researchers
argue that users must be the driving force of the project (4).

The degree of users’ involvement in an application
development depends on their past experience in similar projects
(24). An experienced user can make decisions on project issues
related to his or her function. An inexperienced user should
delegate to the developers more decision-making responsibility.

AN ERP DEVELOPMENT MODEL

This section suggests and describes a generic model for an
ERP system development life cycle. The definition of life cycle
phases is based on the following sources:
¢ Existing life cycle models described in Section 2.
¢ System implementation methodologies developed by systems
vendors.

e A literature search on various subjects pertaining to
information systems implementation.

e Case studies identified during the literature search.

The ERP life cycle model is described in Figure 4.

During the selection phase, the standard activities and those
unique to the organization are reviewed in order to determine the
project boundaries; system’s vendor and external consultants are
selected.

During the definition phase, the system components that
will be included in the implementation are defined and the
implementation plan is prepared.

The implementation phase is the core of the life cycle
model. During this phase, the organizational processes are
redesigned to work with the ERP system, the system is
implemented, user training and acceptance testing is performed.
At the end of this phase, either changes to the system are
performed or the project progresses to the operation phase. This
phase is iterative ~ the number of component/process
implementations is defined in the definition phase. Each
iteration begins at the conclusion of the acceptance tests of the
previous iteration.

During the operation phase, the ERP system is in
operation, is maintained and is upgraded, if needed.

The following is a breakdown of these four major phases
into more detailed steps.

The Selection Phase

The objective of this phase is to identify the ERP package
most appropriate for the organization and the technological
infrastructure needed for it. When the decision is to implement
components from several ERP packages, the objective is to
identify the optimal components. If additional external human
resources are needed, the selection of the consulting (or
outsourcer) firm is also part of this phase.

The phase is comprised of nine activities:

1. Definition of project objectives — analysis of the reasons for
an ERP system, identification of gaps and weaknesses in
the current information systems and definition of objectives
for the new system. Within this definition, the project
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boundaries are defined and a decision is made whether to

are defined by an ERP project steering committee that is

use consultants and at what project steps. The objectives appointed for this project.
FIGURE 4
The ERP Life Cycle Model
System ’_\ _
selection Selection
Complete
/__1 implementation
Definition plan
Complete : Process/componen
implemenFtion Implementation
Operation

Collection of information about systems and vendors — an
RFI is usually issued to prospective vendors of ERP
systems. Additional information is collected from
colleagues, IT industry information firms (e.g., The Gartner
Group, GIGA), professional fairs and conferences,
professional literature and the like. At the end of this step,
the information is presented to the steering committee. ERP
systems that do not meet the objectives defined in the
previous step are ruled out.

Collection of information about consulting firms — this step
is taken if the steering committee has decided to use
consultants. An RFI is sent to prospective firms (or
individuals), additional information can be collected from
colleagues, ERP system vendors, and IT industry
information firms. At the end of this step, the steering
committee decides whether to continue with the project; if
so, about three to five vendors and consultants are selected
for more profound investigation in later steps.

Needs analysis — analysis of organizational needs. All
processes, computerized or manual, are analyzed, including
the feasibility and need for new processes. The analysis is
done by joint teams of IS professionals and key users. At
the end of this step, if approved by the steering committee
and corporate management, an RFP booklet is produced.
The booklet is sent to the vendors and the consultants.
Investigation of vendor alternatives — afier receiving
responses to the RFP, meetings are held with vendors.
Vendors can present applications and the advice of

vendors’ existing customers can be solicited. At the end of
this step, information about the vendors is kept for final
analysis during the feasibility study step (Step 8).

6. Investigation of consultant alternatives — in parallel to the
previous step, responses to the RFP are evaluated and
meetings are held. The information is then presented to the
steering committee,

7. Collection _of information on the technological
infrastructure — this activity is performed by the IS
department, after receiving the vendors’ responses to the
RFP. An RFI is sent to hardware and telecommunications
vendors, soliciting possible techmological solutions
compatible with the ERP vendors’ responses to the RFP
sent to them. At the end of this step, the information is kept
for future analysis during the feasibility step.

8.  Feasibility study — after collecting all the information about
ERP and technology vendors and consultants, IS
professionals and key users perform a feasibility analysis of
the various alternatives. The analysis focuses on three
aspects — technological, economical and organizational
feasibility.

At the conclusion of this step, a feasibility report is
submitted to the steering committee and senior
management for approval. The report includes
recommended alternatives and the rationale for continuing
the project, reevaluating it, or killing it. If the decision is to
continue, the ERP system, the technological infrastructure
and the consulting firm are selected.

Spring 2002 Journal of Computer Information Systems 62

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




9. Contract negotiation and signing — contracts are negotiated
and signed with all of the external entities — the ERP
system vendor, the infrastructure vendor and the consulting
firm. The development and then the management of the
contracts is a prerequisite for the project success. When
components from several vendors are implemented, the
contracts have to refer to the integration among the
components in order to eliminate potential future frictions
between the vendors and the organization. The negotiation
should also cover the pricing schemes (including penalties
and bonuses).

The Definition Phase

This phase is the shortest of the four ERP life cycle phases.

It includes all the preparatory activities for the implementation

phase that follows. The phase is comprised of three steps.

1. Definition of project scope — project scope (boundaries) is
determined on the basis of the system selected in the
previous phase. This activity is performed by personnel
from the IS department and user representatives in
cooperation with the vendor and the consultants. The joint
team determines the implementation method and the order
in which components and ERP modules will be
implemented. The recommendations are approved by the
steering committee.

2. Establishing implementation teams and timetables — the
teams include personnel from the ERP vendor, from the
consulting firm and from the organization. The division of
responsibilities among the three depends on each one’s
experience in ERP implementation, in implementing IS
applications in general and in managing an organizational
change.

The teams are established by the ERP project leader
together with the steering committee. In addition to the
ERP implementation teams, a technical team (comprised of
similar personnel) is established to implement the
technological infrastructure. The project leader, together
with the team leaders, then determines the timetables for
the implementation activities and the system rollout.

3. Training of the implementation teams — the objective is to
train key users and management representatives, who are
members of the implementation teams, in the use of the
selected system. This will enable them, in the next step, to
compare the current work processes with those offered by
the ERP system. The training is facilitated by the system
vendor.

4. Initial implementation of the system — in parallel to the
training step above, system components are implemented in
key users’ sites. This implementation facilitates the
construction of prototypes by the implementation teams
and, hence, does not have to involve all the users. The
implementation enables the users in the implementation
teams to exercise the subjects covered in the training and to
get acquainted with the technological infrastructure.

The Implementation Phase

This is the main phase of the ERP life cycle. Its objective is
to link the ERP system to the organizational processes so that
when the system moves to the operation phase, its contribution
to the organization would be at the maximum.

The implementation phase is performed iteratively,
according to one of the following methods:
¢ Adding processes — in each successive round, one or more

additional processes are implemented in all organizational
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sites.

e Adding organizational layers — in each successive round, a
new organizational entity is added to the computerized
processes. This method facilitates getting a clear picture of
system use in all activities at an early stage.

These iterations, on one hand, reduce the project risk by an
early detection of implementation problems. On the other hand,
they enable improvement of the implementation, training of
teams and a reevaluation of the next steps of the life cycle. An
update of the system is rolled out to the users after each iteration
and the implemented process enters the operation phase.

This implementation method is unique to ERP systems.
When the traditional SDLC makes use of an iterative
development it does so due to new demands from the system. In
ERP systems, the iterativeness is intended to reduce the
implementation risk and is needed because of the strategic
importance of the ERP system and its large scope.

The implementation phase comprises nine steps:

1. Gap analysis — the objective is to identify gaps between the
definition of processes in the ERP system and their
definition in the organization. The processes described in
the RFP are investigated as to whether they can be
implemented as described, whether complementary
solutions are needed, or whether changes in the system or
in the processes are necessary. The recommendations can
be to change organizational processes, to add
complementary processes, or to expand the ERP system. At
the end of the step, a gap analysis report is prepared. The
report describes the processes where gaps have been
detected and recommendations of how to handle the gaps.
The report is presented to the steering committee for
consideration and approval.

2. Business process reengineering — BPR has been defined as
an analysis and design of work flows and processes within
and between organizations (11) in order to achieve a drastic
positive change in performance (14). Performing BPR as
part of an ERP project is recommended immediately
following the gap analysis step. Sometimes BPR is
performed in parallel with the gap analysis or even before
the implementation phase.

3. Identification of complementary solutions — implementation
of solutions complementary to the ERP system is
investigated together with the BPR step. For example:
¢ Development or acquisition of additional modules that

are integrated into the system.

¢ Development or acquisition of complementary systems

that can interface to the ERP system.

¢ Additional manual work processes.

The complementary solutions can be regarded as a sub-
project to be implemented according to the project’s timetable.
The selection of solutions is approved by the steering committee
and senior management.

4. Construction of a prototype — the objective of the prototype
is to test the system design and the integration of the new
processes and the complementary systems. The prototype
facilitates the testing of the new workflows and the
constraining of users’ expectations concerning the designed
processes. It also reduces risks by reflecting the final model
of operation in a relatively early stage.

Like the ERP implementation phase and as typical to
the prototyping model (described in Section 2 above) the
construction of the prototype is iterative. In order to save
time, it is recommended to build the prototype in
conjunction with the continuing design of new processes;
as such, it is a rolling and evolving prototype.
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At the end of building the prototype and after the
processes designed are approved, the prototype becomes
the full-blown system and is rolled out to all the users.

5. Data conversion — performed in parallel to the construction
of the prototype. The conversion of data from old
applications can be done by manual data entry or by using
conversion software.

6. Definition of work procedures — the objective is to update
organizational procedures. The new or updated procedures
include general procedures and those specific to working
with the new ERP system. This activity is performed by
key users. At the end of the step, a new procedure manual
is produced and is approved by senior management.

7. Full implementation of the system — after the prototype is
approved and the data have been converted, the full version
of the ERP system is implemented in the relevant
organizational units, This is usually done in parallel to the
existing system, in order to minimize the disturbance to the
ongoing operation.

8. Training of users -- training can be done by lectures or by
self-study while working with the implementation teams.
Since training costs are quite high, it is recommended to
prepare a training plan that will provide an overall
framework and facilitate control of the activity.

9. Acceptance tests — the objective is to test with real life data
the new ERP system and its linkage to other organizational
(non-ERP) systems. The tests include the testing of the
modules that were added to the system. The emphasis is on
system capacity and throughput and interfaces with other
systems. The tests must be conducted in a process
orientation — process scenarios have to be prepared and
tested with real-life data.

The Operations Phase

This phase is the longest phase of the ERP life cycle and
can last several years. Five steps are included in this phase.

1. Establishment of support centers — these constitute a
learning network in the organization, whose objective is to
develop user training tools and to support ongoing
operations. The need for a support center increases directly
with the complexity of the system.

2. Performance of changes and enhancements — these are
needed over time due to organizational dynamics, changes
in business strategy, technological and environmental
changes and the like. They can be handled by adding new
processes to the system or by expanding existing ones.

3. Upgrading the system — the objective in this step is to
watch the software updates of the vendor and the
technological changes and to upgrade the ERP modules by
adding activities and functions facilitated by the updates.

4.  System audit — similar to other life cycle models, the
objective 1s to verify whether the system meets users’
needs. This audit is performed periodically.

5. System termination - this step is analogous to the
termination activity of the traditional SDLC. Due to the
strategic importance of an ERP system and its close linkage
to organizational processes, it seems that replacing the
system is much more complex and difficult than replacing
conventional applications.

COMPARING THE ERP MODEL TO OTHER
DEVELOPMENT MODELS

The ERP life cycle model, as described in the previous
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section, is based on the integration of the three life cycle models
discussed in Section 2. The integration is needed because of the
characteristics unique to the ERP system (e.g., complexity,
strategic importance, scope, flexibility, intensity of relationships
with vendors and consultants, etc). The four life cycle models
can be compared within the framework of four major phases, as
exhibited in Figure 5.
Note that in the following discussion, we present the phases
mentioned in the description of the life cycle models. We are not
arguing that a certain phase is not actually performed, but that a
certain model does not include it, because the phase is not
unique or does mnot significantly impact the model. By
comparing the four models, two main observations emerge that
demonstrate the essence of the difference between the models.
¢ The selection phase is not part of the SDLC model and the
prototyping model, since in these models the systems are
usually developed internally, or because the selection of a
vendor is a marginal activity, relative to the other life cycle
activities. In the life cycle model for an application software
package, the system selection takes place after the definition
phase, while in an ERP life cycle model it takes place in the
beginning of the project.

¢ In the three models, the definition phase is performed before
the development and implementation phase. In the ERP life
cycle model, since the essence of the model is the mutual fit
of the system and the organization, the definition takes place
in parallel to the process of development and implementation.
For this reason, in an ERP project, the time allocated to the
definition activities is shorter than in the other models.

Following is a more detailed comparison of the activities in
the four models.

The Selection Phase

An ERP system and an application software package,
which are acquired from an external vendor, require attention to
the process of selecting the system. The SDLC and prototyping
models do not include a selection phase, since in most cases, the
supplier is the internal IS unit and not an external vendor.

Collection _of _information _about _ systems __and
implementations — in the ERP model, this activity is performed
before the analysis of needs, due to the large scope and
complexity of the system. In an application software package
model, which focuses on less complex systems, this activity is
performed after the analysis of needs.

Needs analysis — this activity is similar to the preliminary
analysis step of the SDLC model. However, while the
preliminary analysis is a basis for the information analysis step,
the needs analysis is the basis for writing the RFP.

In the ERP life cycle, the RFP includes only processes
unique to the organization and not standardized (generic)
processes, since all ERP systems provide similar solutions to the
latter. In the other models, the RFP refers to all the processes in
the organization and takes, therefore, a long time to prepare.

Collection of _information _about the _technological
infrastructure — in an ERP project, the selection of a certain
system triggers in many cases a change in the infrastructure;
hence, the model has to address this activity. The selection of
technology in the SDLC and application software package
models usually depends on the organization’s IS strategy; hence,
there is no attention in these models to this activity.

Contract signing — the SDLC model does not include this
activity. The application software package model includes it,
although the contractual process is relatively simple.-
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FIGURE 5
Phases of the Life Cvcle Models

ERP life cycle Application
model package model Prototyping SDLC
Selection Definition Definition Definition
(reduced)
Parallel selection Quick Development
definition development and and
development implementation implementation
and
implementation
Development Operation Operation
and
implementation
Operation Operation
The Definition Phase Initial _implementation of the system — an initial

While the definition phase is part of all four models, there
is a significant difference between the activities comprising this
phase in the various models.

Definition of project scope — in the SDLC model this
activity is performed as part of the consideration whether to
develop a new system.

Establishing implementation teams — in an ERP project the
implementation teams are responsible for the whole
implementation process, from system definition to testing. The
teams include internal personnel, consultants and vendor
personnel. Judicious staffing of the teams and their integration
are vital to project success.

In other models, the systems being developed are usually
internal, do not include external personnel and, therefore, do not
require similar integration.

Training of implementation teams — in the ERP life cycle,
training is done before the implementation phase in order to
provide knowledge about the system before performing the gap
analysis activity. In the SDLC model, training is delivered after
the coding of the software. In the application software package
model, training 1s delivered after system design.
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implementation of an ERP system is performed during the
definition phase only for the implementation teams, to facilitate
the gap analysis activity. Later on the system is implemented for
all users. In an application software package life cycle, the
system can be implemented quite early for all users. In a SDLC
model, the system is implemented only after its development
and testing.

The Implementation Phase

The implementation phase of the ERP model can be
compared with the construction and implementation phases of
the SDLC model. This is because the construction of the ERP
system takes place in the implementation phase (when the
system prototype is built), while in the SDLC model it takes
place in the construction phase.

Similarly, the ERP implementation phase should be
compared with the two phases of development and
implementation of the prototyping model. In the application
software package model, the implementation phase is united
with the operation phase.

The iterativeness of the implementation phase is a basic
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underlying principle of the ERP model due to the wide scope,
complexity and strategic importance of the system. In the SDLC
model, iterativeness is less of a principle and, in simple systems,
does not even exist. In the application software package model,
iterativeness is not addressed, probably due to the relatively
narrow scope of these applications.

Gap_analysis — gap analysis is performed in order to
investigate the system’s fit with users’ requirements. In the
SDLC model, the system is developed according to users’
requirements and there is no need for gap analysis. The ERP and
the application software package application software package
life cycles do include this activity.

Business process reengineering — an ERP project combines
this activity with the development of an information system. In
an application software package model, most of the changes
relate to the software and not to organizational processes. In a
SDLC model, the system is developed on the basis of users’
requirements and this activity, therefore, is not part of the
model.

Identification _of _complementary _solutions — since
organizations tend not to perform changes to an ERP system,
there is a need to identify complementary solutions for processes
that are not properly handled by the ERP system. In the other
models, there is no need for this activity, since the definition of
complementary systems is done as part of the determination of
the IS policy of the organization.

Construction of a prototype — in the ERP model, the use of
a prototype is a must, due to the complexity and large scope of
the system. In the SDLC and application software package
models, a prototype is optional, and its objective is to investigate
definitional issues when necessary.

Definition of work procedures — this activity is very similar
in all models. The difference is that in an ERP model, work
procedures are also defined for processes that were changed by
the project, even though they are not part of the system.

Users’ training — in the SDLC and application software
package models, training is performed by the technical staff and
the system designers. In an ERP model, training is done by the
implementation teams.

The Operation Phase

This phase is similar in all life cycle models, except for the
support centers issues. The support provided in the SDLC,
application software package and prototyping life cycles is
based on a help desk and is technical in nature. An ERP life
cycle recognizes the importance of support centers which
possess knowledge about the system and work processes and
which employ technical personnel and key issues.

SUMMARY AND CONCLUSIONS

This paper has developed a generic model for an ERP
system development methodology that combines three
structured approaches — the traditional system development life
cycle (SDLC), the prototyping approach and the application
software package life cycle. Due to the unique characteristics of
the ERP system, no one of the three models could be solely used
for implementing an ERP system. For this reason, the ERP life
cycle model is one that combines main features from these
models.

The unique features of the suggested ERP life cycle model
are:

e The use of a prototype is an integral part of the
implementation.
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The implementation phase is iterative.

Business process redesign is an integral part of the model.

e Users’ involvement is mandatory in all phases of the life
cycle.

¢ The model combines activities that attend to changes in the
technological infrastructure of the organization.

o The phase of system and vendor selection is the first phase of
the ERP life cycle, preceding the definition phase.

¢ The invoivement of the IS unit in the ERP life cycle is low
relative to the other life cycle models. It can be expected that
within a few years, after gaining more ERP experience, most
IS units will be more involved.

¢ An ERP life cycle uses the ERP system vendor and external
consultants in the definition and implementation phases. In
the other models, most of the work is performed by the
internal IS unit.

The main contribution of this paper is the development of a
generic ERP life cycle model that is independent of industry,
market, or a specific ERP system. By using this model, an
organization can reduce ERP project risks and increase the
probability of project success. The Gartner Group claims that an
organization that will adopt a life cycle approach to an ERP
system could exercise savings of 10% of total system costs over
a period of five years (10).
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