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Abstract. The paper presents a decision model and a tool that helps to
find an information systems development methodology (ISDM) for a
computer-based business information system (IS) that is suitable to a
certain IS development project or an organisation dealing with IS
development. The intention of the model is not only to suggest a certain
ISDM, but also to propose the properties an ISDM should have to suite
the project or the organisation. It is designed in a way that facilitates
experimentation with different project, organisation and ISDM
properties. Based on the model we created a tool that has been applied
on several cases in which we validated the correctness of its
recommendations and established that it can have a significant positive
contribution in the process of ISDM selection and in the process of
improvement of existing ISDM.
Keywords: business information systems development, development
methodology, decision model.

1.

Introduction

An information system can be defined as a set of interrelated components
that collect, manipulate, store and disseminate data and information and
provide a feedback mechanism to meet an objective [34]. These components
include users who perform information related tasks, and different information
technologies (IT) that help business users perform these tasks or in some
cases perform the tasks autonomously without user intervention. In the
context of the paper we focus on IS that are computer-based and support
business operations. In the continuation of the paper the abbreviation IS is
used for such information systems.

Damjan Vavpotič and Olegas Vasilecas

Nowadays, computer systems are the most important IT component and
are used to store data and to convert data to useful information.
Development of computer support is therefore an important part of IS
development. It is a relatively complex process that comprises tasks like
gathering requirements for new IS, analysing the requirements, designing the
new IS, implementing the new IS, etc. To optimize the development process
of IS various IS development methodologies (ISDM) have been developed in
the past decades that prescribe various approaches that can be applied
during the development to improve the IS development process and the end
product i.e. IS to be developed.
An ISDM can be defined as a collection of procedures, techniques, tools,
and documentation aids which will help the system developers in their efforts
to implement a new information system [3]. In the paper we consider ISDMs
that focus on development of computer-based IS. These ISDMs can vary
from heavyweight that precisely define every single step of the development,
to lightweight ISDMs that only vaguely define the most important parts of the
development process. The lightweight ISDMs gained their importance with
the emergence of agile software development that stresses the using of the
most suitable ISDM for a certain type of IS development project and
organisation dealing with IS development [8]. The problem is, however, how
to select an ISDM type that suits the requirements of an IS development
organisation and its type of development projects. Organisations dealing with
IS development often lack knowledge and experience to be able to
objectively evaluate different types of ISDMs. Often the selection of an ISDM
is based only on an advice of a consultant company trying to sell its own one.
Consequentially, such approach often results in selection of an only partially
suitable ISDM and can be considered as one of the important reasons for low
ISDM adoption levels in IS development organisations. Fitzgerald [10], for
instance, found out that 60 per cent of companies do not use ISDM at all and
that only six per cent reported following ISDMs rigorously.
In this paper we present a decision model and tool support that IS
development organisations can use to consider wider range of ISDM, and
thus select a suitable ISDM that meets their requirements and expectations.
The purpose of the model is not to appoint the use of a certain ISDM, but
merely to suggest what kind of ISDM is suitable for a certain type of IS
development project and/or IS development organisation.
The paper is organised as follows. Section 2 presents the background and
the research method. It is followed by the description of the decision model in
section 3 and description of tool support in section 4. Section 5 in which we
present verification of the model in practice is followed by the conclusion.
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2.

Related work and research method

The problem of selecting a suitable ISDM has been addressed in different
ways in the past. However, the proposed approaches and models typically
consider only a relatively small number of different ISDM aspects, limit
themselves only on selection of ISDM form an ISDM family, or offer general
rules and guidelines but do not advise about specific ISDMs.
Cockburn [8], for instance, provides a decision model that helps select the
suitable ISDM from a family of ISDMs named Crystal. To select an ISDM that
suits the project, the model considers three main project properties: number
of people involved in the project, criticality of the project, and priorities of the
project. However, the model is limited to selection of an ISDM from the
Crystal family of ISDM, although similar properties can be used also for
selection of other ISDM. Another example is Rational Unified Process (RUP)
[14] that provides guidelines for tailoring the ISDM (RUP in specific) to the
needs of a development project. It considers various project parameters and
provides rules for selecting the most suitable development lifecycle.
However, it is limited only to customization of RUP and does not consider
other ISDMs. Yet another example is offered by Mikulenas and Butleris [26],
who present the idea of constructing a specialised evaluation model of
suitability assessment that considers agile ISDMs only. As an alternative to
these relatively specialised models and guidelines, more general guidelines
for ISDM selection can be found. For instance, McConnell [25] provides
general guidelines on how to select the most suitable development lifecycle
and gives practical tips on best practices for various development
environments. Similarly, different authors of agile ISDM (e.g. [11, 12, 30])
provide general recommendations for adaptation and use of these ISDM.
Although these general guidelines and tips are very useful they do not include
recommendations for selection of a specific ISDM. An example of a
comprehensive method for evaluating software engineering methods and
tools is DESMET [21]. It provides nine methods of evaluation and a set of
criteria to help evaluators select an appropriate method. However it is
intended to be used by an evaluator to plan and execute an evaluation but
does not provide advice about specific ISDMs and their suitability to a certain
organisation or project. Other approaches exist that help improve the
suitability of an ISDM to a certain IS development project and IS
development organisation like method engineering [4, 6]. The result of using
such approaches is an ISDM that is tailored to the needs of such project and
organisation from existing ISDM components. They consider a wide array of
project and organisation properties that form the basis for selection of the
most suitable ISDM components. These approaches, however, are not
intended to verify whether certain ISDM is more or less suitable for a certain
IS development project or organisation dealing with IS development; they
rather focus on construction of a tailored ISDM. Furthermore, IT governance
frameworks and best practices like Control Objectives for Information and
Related Technology (COBIT) [16] and Information technology infrastructure
library (ITIL) [28] exist that help improve IT related processes and provide
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valuable knowledge regarding managing and improving these processes.
Similarly, Information Services Procurement Library (ISPL) [17] that is based
on former Euromethod [9] provides best practices in the field of acquisition
processes related to Information Technology. Although all these frameworks
provide valuable information and can be used to access and improve the
general quality of different IT related processes they are not intended to
provide advice about selection of a specific ISDM that is suitable for a
specific project or organisation.
We first presented idea of the decision model that would help select a
suitable ISDM for and IS development project at ISD conference in 2003 [38]
where we proposed four basic requirements for such decision model. Firstly,
the model should be extendable so that users could add their own properties
and decision rules and adapt the model to the needs of their organisation.
Users should also be able to include additional ISDM and project types.
Secondly, the results of the model should be transparent i.e. users should be
informed about the reasons why a certain ISDM is preferred over the other in
given context and what are the ISDMs desired properties. Thirdly, the model
should facilitate experimentation with various properties and their weights,
thus enabling the user to receive the most valuable results for certain
situation. Finally, the model should facilitate work with incomplete
information, which enables the user to receive at least partial results even
though he does not have enough information to enter all properties. Since
this initial idea, the model has been considerably extended, improved and
used on various practical cases.
The research was divided into two phases. It the first phase we used
literature review to assemble various decision rules and models regarding
ISDM selection. Then we integrated these rules into a comprehensive
decision model and developed a tool that implemented the model. We tested
the decision model by applying the tool on three real life projects. Based on
the findings from these tests results we improved the decision model and
used it in further research and practical applications. The aim of the second
phase of the research was to validate the recommendations produced by the
model and to confirm our proposed hypothesis that the model can
significantly contribute to ISDM selection and improvement process in an IS
development organisation. This part of the research was performed as a case
study [41].

3.

The decision model

The selection of an ISDM that suits a certain IS development project and/or a
certain organisation dealing with IS development requires careful
consideration of a variety of the project and the organisation properties and a
variety of ISDM properties. Decision situations in which a large number of
properties have to be considered can be well managed by multi-attribute
decision models [37, 42] that also form the basis for our decision model. An
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approach that is often used in similar situations is analytic hierarchy process
(AHP) by Saaty [31]. Although we build sets of project/organisation properties
and ISDM properties in a similar way as criterion hierarchies are built in AHP
using only AHP approach is not sufficient as we have to determine which
ISDM properties suite certain project/organisation properties. To determine
the suitability of ISDM properties to project/organisation properties we have
to use various decision rules. Therefore we propose a decision model that is
a hybrid between a weighted score model and a rule-based model. The
decision model uses two separate sets of properties: a set of properties that
describe ISDMs (discussed in subsection 3.2) and a set of properties that
describe projects and/or organisations (discussed in subsection 3.3). Both
sets are organised as weighted score models where the weights of ISDM
properties are pre-set and are not intended to be changed while weights of
the properties that describe projects and/or organisations can be changed by
users of the model who in this manner can emphasize the properties that they
see as the most important for his project and/or organisation. To determine
how suitable a certain ISDM property is for certain IS development
project/organisation property the decision model considers various decision
rules. We organised these part of the decision model as a rule-based model
where the rules are organised in a matrix discussed in subsection 3.4. These
rules present a link between ISDM and project/organisation properties.
The decision model facilitates two different types of users shown on Figure
1. The first type is an ISDM expert who has advanced knowledge in the field
of ISDM and provides the values for the properties that define a certain ISDM
– ISDM descriptions. His responsibility is to select ISDM descriptions that are
considered by the decision model during the decision making process and if
required he can also to define additional ISDM descriptions. The ISDM expert
can also define new decision rules for ISDM selection. Although the general
decision rules for ISDM selection are predefined and are part of the decision
model the ISDM expert can define additional decision rules that are specific
for a certain organisation or project. The second type of user is a business
user who requires recommendation about suitability of different ISDMs for his
IS development project or IS development organisation. The responsibility of
the business user is to provide the values for properties that describe the IS
development project or the IS development organisation – project and
organisation descriptions. He can also set weights that define which of the
project or the organisation properties are more important in his case and
consequentially have greater influence on the final decision produced by the
decision model.
The decision model can be used in two basic ways. Firstly, it can be used
to recommend the most suitable ISDM for the given IS development project
or IS development organisation. This recommendation is based on: ISDM
descriptions, IS development project or organisation descriptions, and the
decision rules that are part of the decision model. Secondly, the decision
model can produce a set of ISDM properties that are recommended for
certain IS development project or IS development organisation. This set of
recommended properties can then be used to adapt and improve an ISDM
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that already exists in the organisation. Details on how the decision model
produces these recommendations are discussed in subsection 3.4.

Project properties

Enters
the properties

Business user

Uses
the results

Weights

Processing and
explanation

Results
(Recommendations)

Manages
ISDMs

ISDM properties

Manages
decision rules

Decision rules
matrix

ISDMs expert

Fig. 1. The main components of the proposed decision model for ISDM selection

We limited the scope of the decision model to ISDM for conventional
development of computer-supported IS and did not consider ISDMs for
special purposes like ISDMs for ERP systems (e.g. [1]) or people oriented
ISDMs (e.g. [27]). The types of ISDM that were considered include: agile
ISDMs (e.g. Extreme programming [5]), object oriented ISDMs (e.g. IBM
Rational Unified Process [14]), data and process oriented ISDMs (e.g.
Information Engineering [24]) and other custom ISDM implemented and used
by organisations in which we applied the decision model (e.g. see section 5).

3.1.

Project properties

Based on the review of existing studies and models discussed in section 2
and our experience form practical tests of the model discussed in section 5
we propose the set of project properties shown in Table 1. We propose to
divide the properties into five main property groups that are further divided
into properties for which the predefined values are assigned. For instance,
property grup Size and complexity of the system has property Planned future
that can take any of the predefined values: Maintenance only, Minor
upgrades, and Major upgrades or new versions based on this version. For
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certain properties we also defined quantitative measures that help the user of
the decision model to select the suitable value. For instance System size can
be expressed in man-month, where the definition of size is based on existing
definitions (e.g. [40]) and is as follows: very small = less than 30 man-month,
small = 30 to 100 man-month, medium = 100 to 250 man-month , large = 250
to 500 man-month, very large = more than 500 man-month. Other properties
are defined in a similar manner.
Certainly it is possible to find additional properties that define a project.
However, we tried to select properties that could be easily identified for most
projects and are important for the decision process. The number and the
contents of the properties proved sufficient during the use of the model in
most cases.
Table 1. Property groups and properties of project

Property
groups
Size and
complexity
of the system

Project type

Properties
System size (defined in man-month or alternatively in
equivalent KLOC, number of use-cases, functional points,
etc.)
System complexity (defined on the basis of number of
components and/or architectural layers, number of
connections to other systems, etc.)
Criticality of the system (defined on the basis of severity of
consequences of the system malfunction, a more critical
system has to be more reliable)
System history (defined on the basis of existence of preceding
systems and on how the preceding systems would be used for
creation of the new system)
Planned future (defined on the basis of predicted future of the
system, system can be only temporary and only maintenance
is predicted or it can form a foundation for further upgrades
and development of new systems even on different platforms,
will the number of users of the system raise in the future, etc.)
Project priorities (defined as two main different priorities:
productivity, where the most important aspect is that
workable system is developed in short time; and legal liability
where it is also important that artefacts are traceable and
work on project is documented and tracked)
Project predictability (defined by stability of requirements and
maturity of business– projects with more stable requirements
and more mature business can be better predicted)
Time limitations (defines whether the project has very strict
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Property
groups

System type

Development
team and
environment

142

Properties
time limitations that cannot be postponed)
Cost limitations (defines whether the project has very strict
cost limitations that cannot be changed)
Types of target applications (defines common types of
applications developed as the result of a project; these include
traditional rich-client desktop applications, web-based
applications and mobile applications)
Architectures (defines types of architectures used in the
project; these include service-oriented architectures &
patterns, common object oriented architectures & patterns
and structured architectures & patterns)
DBMS type (defines types of DBMS used in the project;
these include relational DBMS, hierarchical DBMS and
object-oriented DBMS)
Connectivity (defines the types of communication and
connections to external systems used by the project)
Legacy support (defines whether there is need for support of
legacy technologies which require special approaches and
what kind of support is needed)
Experience in development (defines the level of developers’
experience in the field of IS development)
Experience in ISDM use (defines the level of developers’
experience in the field of ISDM)
Problem domain experience(defines the level of developers’
experience in the field of system’s problem domain)
Willingness to learn (defines the level of developers’
preparedness to learn to apply new approaches and
technologies)
Cooperation (defines the level of developers’ preparedness to
cooperate and share knowledge and experience with their
colleagues)
Discipline (defines the level of developers’ discipline in
following the rules and guidelines prescribed by an
organisation)
Team culture (defines the general team culture that can be
autocratic/centralised or democratic/participative)
Team location (defines physical location of the development
them that can be centralised in one building or dispersed over
different continents)
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Property
groups

Customer

Properties
Team size (defines the size of the development team on a
project or typical size of development team in an
organisation)
Number of development organisations involved in the project
(defines the number of different development organisations
that cooperate on the same project)
Requirements regarding ISDM and documentation (defines
how rigorous are the customer’s requirements regarding
ISDM and the documentation produced)
Cooperativeness (defines the level of customer’s willingness
to cooperate with developers especially in specifying the
system)
Problem domain knowledge (defines the level of customer’s
knowledge in the target problem domain)

Different projects often stress different aspects of the development. For
instance, property called Legacy support might play an important role in
selection of the right ISDM for a project dealing with upgrade of a legacy
system, but is significantly less important on projects that build new IS from
scratch, though legacy support might be still desired. Therefore a weight (see
Figure 1) can be assigned to each property that enables the user of the
decision model to put emphasis on properties that are more important for
specific project.

3.2.

ISDM properties

We propose a set of ISDM properties shown in Table 2. The properties are
grounded on literature discussed in section 2 and our experience gained from
application of the decision model in practice (see section 5). We propose to
organise the properties in seven main property groups that are further divided
into properties for which the predefined values are assigned.
The ISDM descriptions are typically maintained by an ISDM expert and not
by the business user of the decision model. The ISDM expert describes an
ISDM by assigning the predefined values to the ISDM properties. It is
possible that an ISDM has special properties and values that are not
predefined, but are important for the decision process. In such case, the
ISDM expert can add these new properties and values and also define
additional decision rules that are in connection with these new properties and
values. However, practical application of the decision model showed that the
number and content of our proposed ISDM properties is sufficient for
selection of ISDM in most cases.
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Table 2. ISDM properties

Property
groups
Process –
general
properties

Properties

Process lifecycles (defines process which lifecycles are supported
by an ISDM like waterfall, iterative, incremental etc.)
Time distribution (defines how the development time is
distributed during process; front-loaded ISDM focus on
analysis and design while back loaded ISDM focus on
implementation and testing)
Development perspective (defines the primary development
perspective of an ISDM that can be top-to-bottom or bottomup)
Prototype support (defines whether an ISDM explicitly supports
use of prototypes)
Artefact traceability (defines whether and how well artefact
traceability is assured by an ISDM)
Process –
Requirements acquisition (defines whether and in how much
primary
detail requirements acquisition is described by an ISDM)
disciplines Analysis (defines whether and in how much detail analysis is
scope and
described by an ISDM)
detail
Design (defines whether and in how much detail design is
described by an ISDM)
Implementation and integration (defines whether and in how
much detail implementation and integration is described by an
ISDM)
Testing (defines whether and in how much detail testing is
described by an ISDM)
Deployment (defines whether and in how much detail deployment
is described by an ISDM)
Maintenance (defines whether and in how much detail
maintenance is described by an ISDM)
Process –
Project management discipline (defines whether and in how much
supportive detail project management is described by an ISDM)
disciplines Management of development environment (defines whether and
scope and
in how much detail management of development environment is
detail
described by an ISDM)
Configuration management (defines whether and in how much
detail configuration management is described by an ISDM)
Change management (defines whether and in how much detail
change management is described by an ISDM)
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Property
groups
Techniques
and
methods

Properties

Modelling techniques and notation (defines which modelling
techniques are recommended or prescribed by an ISDM to
produce different ISDM artefacts)
People and project management techniques (defines which
techniques related to people and project management are
recommended or prescribed by an ISDM to manage the
development team)
Tools and
Development languages (defines the development languages that
developmen recommended or suitable for use with an ISDM)
t
Supportive tools (defines whether tools are available that
environmen automate certain parts of an ISDM’s disciplines)
t
Development frameworks and environments (defines the types of
frameworks and development environments that are supported
by an ISDM)
Type of
Types of target applications (defines common types of
developmen applications that are supported and are normally developed by
t
an ISDM)
Architectures (defines types of architectures that are supported
and are normally used by an ISDM)
DBMS type (defines types of DBMS that are supported and are
normally used by an ISDM)
Connectivity (defines the types of communication and
connections to external systems that are supported and are
normally used by an ISDM)
Legacy support (defines whether an ISDM includes support for
legacy technologies and what kinds of technologies are
supported)
Support and Consistency of concepts throughout ISDM (defines the level of
learning
consistency of concepts used in different disciplines and other
parts of an ISDM)
Consistency of concepts use for a single role (defines the level of
consistency of concepts used in different disciplines and other
parts of an ISDM that are executed by a single role)
Consistency of concepts in supportive tools (defines the level of
consistency of concepts used in ISDM with concepts used in
tools)
Available support (defines what kind of support is available for
ISDM)
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Property
groups

Properties
Available training for different roles (defines what kind of
training is available for ISDM for different roles)

The descriptions of ISDMs are needed in cases when the business user
requires concrete names of ISDMs that are suitable for his IS development
project/organisation. In cases when the business user only needs information
about ISDM properties that are suitable for his project, but does not require a
concrete ISDM name, the ISDM descriptions are not used (further discussed
in subsection 3.4).

3.3.

Decision rules

The decision rules form the backbone of the decision model. Our intention
was to develop a set of rules that facilitate selection of ISDM using a
computer supported decision model. To define the content of the rules we
focused our efforts on collection and composition of existing rules that can be
extracted from guidelines and models presented in literature discussed in
section 2. It is important that these rules come from practice and have
already been tested in real life environment. We transformed these rules
from natural language representation found in the literature to format required
by the decision model. We avoided changing the content and meaning of the
decision rules during the transformation, however minor adaptations and
generalizations of some of the rules were required so that they could be used
in a computer supported decision model and that they could serve as
common guidelines for ISDM selection.
We propose to organise the decision rules in a form of a two-dimensional
matrix depicted in Figure 2. The header column and the header row of the
matrix contain all ISDM properties and project properties correspondingly.
Each property has all of its possible values enlisted. In this manner a matrix
containing decision rules for each combination of an ISDM property and a
project property is formed. A decision rule for a combination of two properties
is written in a sub-matrix containing evaluations for each combination of
values for the two properties. There are five evaluations that can be assigned
to a certain combination of ISDM property value and project property value:
very suitable (2), suitable (1), neutral (0), unsuitable (-1), very unsuitable (-2).
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Project properties

ISDM properties

Project property values

ISDM property values

The matrix

Evaluations of
suitability of each
ISDM property value
for each project
property value

The sub-matrix
Decision rule for a combination
of two properties

Fig. 2. The matrix containing decision rules

In the following example we demonstrate the structure and function of the
decision rule sub-matrix. Table 3 shows an example of such sub-matrix. For
the purpose of demonstration we focus only on one sub-matrix i.e.
combination of one ISDM and one project property. Implementation and
integration is one of ISDM’s properties (scope of the ISDM). This property can
take three different values: ISDM contains no description of implementation
and integration, ISDM covers implementation and integration in moderate
detail, and ISDM covers implementation and integration in detail. These
values form the first of the two dimensions of a decision rule sub-matrix.
Criticality of a system to be developed is one of project’s properties that can
take four different values: system failure can result in a loss of comfort,
system failure can result in a loss of discretionary money, system failure can
result in a loss of essential money, and system failure can result in a loss of
life. These values form the second dimension of the decision rule sub-matrix.
Three different values on the first dimension and four different values on the
second dimension form a sub-matrix with twelve possible evaluations, one
evaluation for each combination of the two dimensions’ values. Based on
literature [8] we defined the following rule: “In case the ISDM does not
describe Implementation and integration at all it is very unsuitable for
development of a system, failure of which can result in a loss of life.” So we
evaluate this combination of values as very unsuitable (-2) in the sub-matrix.
Similarly, rules for all other combinations of ISDM property value
(Implementation and integration) and project property value (Criticality of a
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system) are defined. Certainly, in some cases the evaluations presented in
Table 3 could differ slightly. However, in our experience moderate alterations
of some evaluations typically do not affect the final result significantly as
there are many other properties that are also considered during evaluation.
Table 3. An example of the decision rule sub-matrix

Criticality of a
system to be
developed

loss of comfort
loss of
discretionary
money
loss of essential
money
loss of life

Implementation and integration
no
moderate
in detail
description detail
0
2
0
-1

1

1

-2

1

1

-2

-1

2

The matrix is designed in a way that it can be expanded. However, adding
a new rule is not a trivial task as each new rule requires testing. In our
experience, the predefined rules suffice for most of typical cases. Expansion
of the rules might be needed in special cases only i.e. to suite special types
of organisations and projects. It is important to consider that any new rule
should be added by an expert that has profound knowledge in the field of
ISDMs and that each new rule should be carefully tested before inclusion in
the decision rules matrix.
Table 4. An example of a decision rule explanation in natural language for business
user

Project property
Project priorities

ISDM property
Artefact traceability

In traditional ISDM traceability is an important part of the process,
however in agile ISDM traceability is not guaranteed [based on [18]]. In case
that project priority is traceability, processes that assure traceability are
favoured over the processes that do not.
Furthermore, each decision rule sub-matrix has a corresponding natural
language description that is based on the original description of the decision
rule found in literature. This description helps the business user to better
understand the reasons for recommendations produced by the decision
model. Table 4 shows an example of such natural language description of the
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decision rule that describes the relation between project property Project
priority and ISDM property Artefact traceability.

3.4.

Processing and explanation

In this subsection we discuss our proposed approach for processing the
project/organisation descriptions, ISDM descriptions and the decision rules
matrix discussed in the preceding subsections in order to produce the
recommendations for the selection of an ISDM that suits the needs of an IS
development project or an IS development organisation. As recommendation
without explanation is rarely sufficient, we propose an approach that also
explains why a certain ISDM is preferred over the other for a certain IS
development project/organisation.
In cases when it is required to select the most suitable ISDM not only for a
project, but for the whole organisation dealing with similar projects the
recommendation is produced by using the same approach as for a single
project except that average values that are typical for the organisation are
used.
By using the proposed approach two main types of results can be
produced: firstly, a recommendation of one or more concrete ISDM that suit
the project/organisation and secondly, a list of generally recommended ISDM
property values for the project/organisation. The first type of result is useful
especially in cases when there is a tension to use a well-known predefined
ISDMs and a comparison of these concrete ISDMs is required. The second
type of result gives a general advice on property values that an ISDM should
have for an IS development project/organisation. This type of result can be
used either during selection of a concrete ISDM or for development of a new
ISDM or improvement of an existing ISDM.
The first type of result is presented as a two dimensional table where
heading row contains the names of considered ISDMs, heading column
contains names of considered projects and the content of the table are the
results of the evaluation for each combination of ISDM and project. We
propose the following formula to compute this type of result:
Score(ISDMx, Projecty) =
∑a∈A∑b∈B(IPT(a, ISDMx)×(PPT(b, Projecty)×PWT(b))×DRM(a,b) .

(1)

where
A = {∀a: a = CharacteristicISDM},
B = {∀b: b = CharacteristicProject},
ISDMx = an instance of ISDM,
Projecty = an instance of project/organisation,
IPT(a,b) is a cell in column a and row b of ISDM properties table,
PPT(a,b) is a cell in column a and row b of Project properties table,
PWT(b) is a record in row b of Project properties weight table,
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DRM(a,b) is a cell in column a and row b of Decision rules matrix.
The second type of result is also presented in a two dimensional table
where heading row contains the names of all ISDM properties and heading
column contains the names of all projects. The content of the table shows the
most suitable values of ISDM properties for each project, regardless of
whether a concrete ISDM having all these properties exists or not. This type
of result is therefore especially useful when the user is planning to develop a
new custom ISDM that can actually possess most of such recommended
properties. We propose the following formula to compute the recommended
value for ISDMPropertyx and Projecty:
RValue(ISDMPropertyx, Projecty) = DRM(a’, r) . (2)
where
ISDMPropertyx = the ISDM property for which we want to find the suitable
value,
Projecty = an instance of a project/organisation,
r = the number of the row in DRM table that contains the names of property
values,
a’ = the number of the column in DRM table that contains the name of the
most suitable property and is computed by using the following formula:
a’ = arg maxa∈A_ISDMProperty_x(PVScore(a, b)) .

(3)

where
PVScore(a, b) = ∑b∈B((PPT(b, Projecty)×PWT(b))×DRM(a, b) .

(4)

and
AISDMProperty_x is a subset of columns for ISDMPropertyx.
To explain and better understand the recommendations computed by the
discussed formulas we propose to compute positive or negative contribution
of each individual combination of ISDM property and project property for
selected ISDM and project. Using such explanations it is possible to quickly
detect the ISDM properties that are evaluated as the most unsuitable for an
IS development project/organisation. We propose the following formula to
calculate the score of individual combinations of properties:
PScore(ISDMx, Projecty, i, p) =
IPT(i, ISDMx)×(PPT(p, Projecty)×PWT(p))×DRM(i, p) . (5)

where
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ISDMx = an instance of ISDM,
Projecty = an instance of project/organisation,
i = the selected property of ISDMx,
p = the selected property of Projecty.
Complementary way of explaining the recommendations that is important
especially for business users that are less experienced in the field of ISDM is
using natural language descriptions of the decision rules discussed in section
3.3.

4.

Implementation of the decision model

Processing of large number of decision rules to produce a recommendation is
a complex and time consuming task that cannot be done without appropriate
tool support. Therefore, for testing of the decision model we had to use tool
support already in the beginning of the research. We developed a prototype
tool using MS Excel that enabled us to experiment with different properties
and to fine tune the decision rules. This prototype was also used in real
projects to facilitate selection of the suitable ISDM. The early version of
prototype is presented in [15, 38].
However, although MS Excel is a versatile environment in which we were
able to experiment with the decision model quite easily, practical tests
showed that this environment has some important drawbacks. Firstly, it was
difficult to create a user friendly interface in this environment. This hindered
direct use of the prototype outside of the research group. Consequentially,
only the results of an evaluation were presented to the companies’ experts,
but they were unable to test the prototype directly. We did not see this as an
important obstacle at the first stage of testing, but later when we tried to
enable the companies’ experts to experiment with the tool directly this
presented a significant difficulty. Secondly, when the number of rules and
properties increased the maintenance of the Excel based prototype was
becoming more and more awkward. Thirdly, we sought to make the decision
support tool accessible through Web so that users could easily access the
model without having to install the tool in their computers. However, the
model in MS Excel format was not convenient for use in Web environment.
Consequentially, it was necessary to redevelop the tool which implements
the proposed decision model. We developed new tool using MS Visual Studio
[15]. The tool is designed as a web application that is divided onto the four
modules. Figure 3 shows a use-case diagram depicting the main functionality
of the tool. The tool is used by two different actors – a business user and a
ISDMs expert. The tool allows the business user to maintain projects and
their properties, to run analyses and receive the recommendations, and to
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explore these recommendations. The ISDMs expert can maintain ISDMs and
their properties, add new ISDMs, and modify set of decision rules.
Project properties module

Enter new project

Processing and explanation
module
Maintain project properties

Analyze and show the results

<<extend>>

View project properties
Business user

Explain the analisys results
Set project weights

Decision rules module
ISDM properties module
Add new property or property group

Enter new ISDM

Maintain decision rules

Maintain ISDM properties
ISDMs expert

Maintain property or property group

View ISDM properties

Fig. 3. Use-case diagram depicting the main functions of the tool

The tool uses a relational database to store the data that is the main
integration point of the four modules. The E-R diagram in Figure 4 shows the
structure of the database. Both ISDM and project properties are stored in the
entity type called Property. More Property values can be assigned to each
Property instance. The Decision rule entity type contains evaluations for each
combination of ISDM and project property value thus forming the decision
rules matrix. Decision rule description contains textual descriptions of rules
stored in Decision rule entity type and describes one decision rule sub-matrix.
The database supports more Decision rule sets so that the user can
experiment with variations of decision rules. This is especially useful in cases
when certain decision rules apply only for certain type of development (e.g.
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development of web applications). Project and ISDM are defined by their
property values and together form a decision Case. The Case entity is used
to select a subset of ISDM and/or projects which are considered during an
evaluation. Each Property of Property group can be assigned Property weight
and Property Group Weight correspondingly. By using weights the user is
able to emphasize the properties that are more important in his case. To ease
the experimentation the database supports more Weight sets.
Property Group

Property Group Weight

Weight Set

Decision Rule Description

Property

Property Weight

Decision Rule Set
Project
Decision Rule

Property Value

Case
ISDM

Fig. 4. ER model of the tool’s database

Although the project properties module and the ISDM properties module
are used to describe two different types of properties – ISDM or project, and
are used by two different types of users – business user or ISDM expert, they
have quite similar functionality. In both cases the user describes the project
or the ISDM by setting the values of the predefined properties. In cases when
the user lacks certain information he can choose undefined value. This
means that the property will not be considered during evaluation. An addition
to project properties module is an interface that allows user to modify weights
for different properties of his project. This way the user can define which
aspects of development are more important for his case. Figure 5 depicts the
main form of project properties module.
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Fig. 5. Screenshot of the main form in Project properties module

Decision rules module is accessible only for an ISDM expert. The primary
task of the module is to modify decision rules matrix. The module can store
more rule sets which enables the expert to create rule sets for different
situations. Besides modifying the rules matrix, the module also allows an
expert to add properties and property values. Adding new property or
property value is a relatively complex task because the expert has to create a
large number of decision rules for each new property. Figure 6 shows the
main form of decision rules module that enables an ISDM expert to redefine
existing decision rules or to define new decision rules for the chosen decision
rule sub-matrix (discussed in section 3.3). Figure 6 shows the decision rule
for a combination of project/organisation property System size and ISDM
property Requirements acquisition. In this case one property can take five
different values and another can take three different values thus forming a
matrix with 15 possible evaluations. As number of different values that can
be taken by different properties can vary the form is dynamically generated to
show different decision rules. In case that an additional value is added to an
existing ISDM property additional rules have to be defined that map this
additional value to values of project/organisation properties. In such case the
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form shows existing evaluations that form the decision rule and also enables
a user to enter the missing evaluations to complete the rule. Below the
decision the form shows textual description of the rule that explains the rule
and also references the rule to existing research. In case shown in Figure 6
the rule is based on [2] and [8].

Fig. 6. Screenshot of the main form in Decision rules module

Processing and explanation module produces the recommendation report.
The report shows the results of the comparison of different ISDM and their
appropriateness for different projects and the most suitable ISDM properties
for the projects. The module can also produce explanation report for a
selected combination of ISDM and project property as described in section
3.4.

5.

Verification of the decision model in practice – case
studies

So far the decision model has been applied in five cases i.e. three
organisations dealing in IS development and two IS development projects.
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The recommendations produced by the decision model were used in the two
ways: as input in the process of selection of a suitable ISDM for a new
project and as input in the process of improvement of existing organisation’s
ISDM. These practical applications of the decision model enabled us to verify
our proposed two main hypotheses about the decision model.
The first hypothesis was that ISDM experts agree with and approve the
recommendations for ISDM selection produced by using the decision model.
We asked four ISDM experts to examine the recommendations produced by
using the decision model on the five cases. ISDM experts agreed with and
approved the recommendations for all five cases, which was not surprising as
the decision model’s rules are based on generally acknowledged guidelines
for ISDM selection available in existing literature discussed in section 2.
The second hypothesis was that the recommendations produced by using
the model contain nontrivial information that can be efficiently used to select
a suitable ISDM for an organisation or project. We tested this hypothesis in
each of the five cases by discussing the results with business users of the
decision model i.e. organisation’s employees or project members responsible
for management of their ISDM who used the decision model. We were
especially interested in their opinion whether the model significantly
contributed to their understanding of the problem and their decision. On the
whole we discussed the results with fourteen business users in the five cases.
Six of these users changed their initial decision after using the decision
model. Three of the users did not have any initial decision and the model
helped them to reach the decision. The initial decision of five users was the
same as the model’s recommendation. All fourteen users reported that the
model helped them to understand the problem of ISDM selection better. They
also indicated that they felt more confident in their decision after using the
model.
In the following subsections we present two cases in detail. They show how
the model contributed to the decision making process during ISDM selection
or improvement. In case A the model was used to select a suitable ISDM for
a new IS development project and in case B the model was used to improve
existing IS development organisations’ ISDMs.

5.1.

Case A – selecting a suitable ISDM for a new project

Case A was a project where two development teams cooperated to develop
and deploy a part of IS for a government institution. The teams came from
two IS development companies. Throughout the project the first team that
was responsible for the development of the central part of the IS was
expected to have from 9 to 12 members and the second team that was
responsible for the development of a subsystem was expected to have 5
members. Even though both companies used certain internal standards and
frameworks, and had some experience with iterative project management
they did not follow any formal ISDM. On both companies’ preceding projects
the development process was typically organised by a project manager in an
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ad hoc manner. However, in this case the government institution required the
use of a formally defined IS development documentation and procedures.
Although, the institution did not prescribe the use of a particular ISDM, it
required that the companies define which documentation would be produced,
which activities and in what order would be followed, how the progress of the
project would be monitored, etc. Therefore the companies decided that for
the needs of the project they would use one of publicly or commercially
available ISDM that they would partially adapt to their needs.
The selection of ISDM was difficult as the companies did not have much
experience in the field of ISDM. To ease the selection process and to limit the
number of ISDM candidates they used the decision model proposed in this
paper. The decision model was used by the project manager and some of the
team members of the both teams. Initially they needed our help to correctly
understand and set the necessary parameters. After a short introduction they
were able to use the decision model independently and make experiments
with different settings. This experimentation was also one of the main
advantages of using the decision model as they could get better
understanding of appropriateness of various ISDM.
Eight different ISDM were considered: Ext reme programming (XP), Scrum
[30], Rational Unified Process for small projects (RUP for small projects),
Rational Unified Process (RUP), Oracle Custom Development Method
(CDM), Unified Methodology of IS development (UMISD - used in
government institutions), Rapid Application Development (RAD) [25] and a
custom ISDM that was developed for the needs of one of the two companies
some time ago, but was never used in practice. Table 5 shows the input
values used in the evaluation.
Table 5. The input values used in the evaluation

Size and complexity of the
system
System size = small
System complexity = medium
Criticality of the system =
medium
System history = new system
Planned future = maintenance
and minor upgrades
Project type
Project priorities = traceability
Project predictability =
predictable
Time limitations = strict
Cost limitations = sufficient
System type

ComSIS Vol. 9, No. 1, January 2012

Development team and environment
Experience in development = high
Experience in ISDM use = low
Problem domain experience =
medium
Willingness to learn = medium
Cooperation = medium
Discipline = medium
Team culture = open & participative
Team location = centralized
Team size = small to medium
Number of devel. org. involved in
the project = 2-3
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Types of client applications =
web
Architecture = three-tier OO
DBMS type = relational
Connectivity = present IT
Legacy support = not needed

Customer
Requirements regarding ISDM and
documentation = high
Cooperativeness = medium
Problem domain knowledge =
medium

The recommendation produced by the decision model was RUP for small
projects (see Figure 7). This result was somewhat unexpected by the project
management that favoured XP at the time. Therefore, the explanation of the
recommendation that presented weaknesses and advantages of each ISDM
was even more important. The explanation exposed two major weaknesses
of using XP in the project. Firstly in case of using XP, there was lack of
formal documentation that would be shared among the two teams and
presented to the customer, and secondly, there was lack of traceability which
was a project priority. Even though XP had an advantage in time to learn,
RUP for small projects was considered a better choice as it offered formal
documentation and facilitated traceability.
1,0
0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1
0,0

XP

Scrum

RUP
Small

RUP

Oracle
CDM

UMISD

RAD

Custom
ISDM

Fig. 7. Normalized evaluation scores for all eight ISDM

After examining the explanation of the results the project management
agreed that the RUP for small projects was the better choice for their case.
They acknowledged that due to their low experience in the field of ISDM they
neglected some of the important aspects of ISDMs and noted that the model
helped them to get a better understanding of ISDM field in a relatively short
time. The case and the recommendations of the proposed decision model
were additionally examined by external ISDM experts who agreed with
recommendations produced by the decision model.
A light configuration of RUP for small project was actually used on the
project. It enabled the companies to produce the required documentation,
assure traceability and successfully complete the project. The decision to use
RUP for small projects was actually seen as a compromise between the
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customer’s requirements for formal documentation and traceability, and
companies’ existing development experience and initial tendency to use XP.

5.2.

Case B – improving existing organisation’s ISDM

Case B was an organisation dealing in IS development. Its main field of
operation was development of pre-packaged business solutions. The work
was organised in four teams each working in one product or project. The
typical size of their team that worked on one product was 7 to 10 members,
though occasionally they worked on custom projects that involved fewer
members. The leader of each team was responsible for organisation of the
team’s development process. Consequentially, different informal
development approaches were used in each team. The management planned
to partially formalize the existing informal development process and upgrade
it with selected parts of publicly or commercially available ISDMs. The main
goal was to standardize their development processes which should enable:
employees to easily switch between teams and simultaneously work on more
products or projects, easier employment of new employees, better
cooperation with other organisations, etc.
The decision model was used in two main ways. Firstly, it was used to help
produce a list of recommended ISDM properties for each development team,
and secondly, it was used to establish a set of suitable ISDM that could serve
as a reference for improvement and standardization of the development
process. Six different ISDM were considered: Scrum, Feature driven
development (FDD) [29], Extreme programming (XP), Dynamic Systems
Development Method (DSDM) [35], RUP and RUP for small projects.
A list of suitable ISDM properties for each of the four development teams
was created in cooperation with each team leader. The leaders were
encouraged to experiment with the decision model to get better
understanding of the ISDM field and the needs of their team. Our initial
evaluation showed that all four teams share similar characteristics. Not
surprisingly, the recommendations produced by the model for the three of the
four teams were quite similar (see Figure 8). In all three cases less rigorous
approaches that follow agile principles were recommended and Scrum and
XP were found to be the most suitable ISDMs. However, there were important
differences in the recommendations for the remaining team for which more
rigorous properties were recommended and RUP for small projects was
proposed as the most suitable ISDM. After performing detailed analysis of the
results and discussion with the team leaders, we discovered that the leader of
the fourth team had different expectations of ISDM than leaders of the other
three teams. The first three leaders put emphasis on simplicity of ISDM as
they believed that learning and adoption of ISDM were the largest obstacles.
The opinion of the fourth leader was that learning ISDM is not so difficult, so
he did not see this as an important obstacle. His expectations focused mainly
on establishing traceability and formality for his projects. Consequentially, the
model’s recommendation was a more rigorous ISDM.
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1
0,9
0,8
0,7
0,6

Scrum

0,5

XP

0,4

RUP Small

0,3

0,2
0,1
0
Team 1

Team 2

Team 3

Team 4

Fig. 8. Normalized evaluation scores for Scrum, XP and RUP for Small projects for
each of the four development teams

To reach the final decision the advantages and disadvantages of the three
recommended ISDM were presented to the leaders. They agreed to use
Scrum as a reference ISDM. They would formalize and adapt their
development process to follow basic principles of Scrum, however on
projects requiring more formality they would add certain RUP’s artefacts to
Scrum’s Product backlog [30] to assure better traceability.
All four project leaders found the decision model to be a useful tool that
enabled them to gain understanding of appropriateness of various ISDM
faster. They stressed the importance of possibility of experimentation with the
model and confirmed that information offered by the decision model was
relevant. The recommendations were also reviewed by external experts who
validated that they are suitable for the needs of the organisation.

6.

Conclusion

The analysis of related literature (e.g. [12]) and our experience shows that
organisations and IT departments dealing with development of computerbased business IS often lack in-depth knowledge of ISDM field. This hampers
their selection of ISDM and often limits their choice to ISDM vendors who
favour their own ISDM. To improve this situation and help organisations to
actively participate in the process of ISDM selection, we propose a decision
model and a tool based on the decision model for help in ISDM selection.
The decision model and the tool have been applied in several practical
cases confirming that they can be efficiently used to improve the ISDM
selection process and help make better decision. The decision model does
not substitute ISDM experts, but is merely a tool that on the one hand helps
people responsible for ISDM selection to make a more informed decision and
on other hand helps an ISDM expert to obtain better understanding of the
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needs of an IS development organisation. An important precondition for
successful application of the decision model is that users of the decision
model are cooperative and prepared to learn through experimentation with
the decision model.
Our further work will focus on extension of the decision model’s
characteristics and rules. We intend to focus especially on ISDM that include
explicit support for service oriented architecture (e.g. [13, 23]), service
oriented frameworks (e.g. [36]) and approaches that support model driven
architecture (e.g. [20]). Furthermore, we intend to examine possibilities to
apply the decision model in the field of specialized methodologies like
methodologies for building ontology (e.g. [40]), methodologies dealing in
enterprise architecture (e.g. [39]), development approaches based on
business rules perspective (e.g. [7, 19, 33]) and other alternative approaches
and studies on existing ISDM (e.g. [22, 32]).
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