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ABSTRACT

Project management tools are critical for managing software projects,
decreasing costs, accelerating timelines, and using available re-
sources effectively. However, project managers find it very tedious
to choose a suitable software project management (SPM) tool from
available tools in the market. The appropriateness of the SPM tool
depends on the nature of the software project being developed -
an SPM tool suitable for a large-scale software project may not be
appropriate for small-scale projects. However, due to the complexi-
ties of the software projects and the development conditions, the
selection of an SPM tool is often biased by personal preferences or
marketing publicities which may lead to inefficiencies in SPM and
consequently, lead to higher cost and lower quality of end product.
In this work, we present a decision support framework for SPM tool
selection. The proposed system develops a set of selection criteria
based on an analytic network process (ANP). To demonstrate the
internal working of the proposed framework, we put forward an
example of the tool selection problem using the proposed system.
Furthermore, the proposed system can be used as is for SPM tool
selection for other than software projects.
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1 INTRODUCTION

Software Project Management (SPM) is an umbrella term used to re-
fer to the systematic execution of processes such as planning, mon-
itoring, staffing, and leading software projects to minimize the cost
of software production while attaining high quality end-product
[13]. According to the Project Management Institute, project man-
agement is to apply knowledge, experience, tools, skills, and well-
established techniques during software project development to
attain the desired goals. Software projects are very complex in na-
ture and therefore, require a lot of human and other organizational
resources [11]. Hence, one of the main aims of SPM is to run all
project activities according to the initial plan in terms of budget and
schedule. Due to the varying nature of software projects in terms
of size and complexity, the success of all software developing firms
depends on the efficient yet effective management of their software
projects. In other words, the lack of effective SPM skills, experience,
tools, and techniques may lead to the failure of software projects
to meet their requirements.

Project managers need to choose a suitable set of tools in the
marketplace to improve productivity and avoid violating time and
budget constraints [2]. One of the key factors behind the failure of
software projects is time delays due to low productivity during soft-
ware development which is always a great challenge for software
project managers. To cope with the said issue, SPM tools have been
developed to automate all the SPM activities during the software
project life-cycle [15]. Moreover, these SPM tools are being used ex-
tensively nowadays by software project managers to manage their
projects more efficiently and effectively. However, the successful
execution of SPM activities to avoid project failures significantly
depends on the selection of a suitable SPM tool. Moreover, it is
even more important for software project managers to consider the
selection of tools that contain advanced features such as managing
parallel software projects in addition to achieving basic project
goals for individual projects separately [20].

Researchers discuss and evaluate different SPM tools in the ex-
isting literature based on the features related to enhancing produc-
tivity and other SPM activities [20]. Microsoft Project, Primavera,
Assebla, JIRA, Asana, Trello, and Ganttproject are some of the well-
known project management tools [15][20][11]. The aforementioned
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tools encapsulate the basic functionalities such as task manage-
ment, document sharing, report generation, calendar and contacts
list, time-tracking, requirements traceability, managing resources,
cost estimation, collaboration features, and integration of multiple
projects [15]. In addition to the said core features, the SPM tools
provide easy-to-use features such as risk assessment, earned-value
analysis, critical-path analysis, and email integration [13]. These
tools have different advanced features, which makes them more
appropriate for some projects compared to others. Hence, one tool
that can work well for some projects may not be very effective for
others. Hence, it is very important to keep in mind several factors
such as the size, nature, and complexity of the software project
while choosing a SPM tool, as it significantly affects the quality and
productivity during the life-cycle of a software project.

Existing literature presents a plethora of decision-making frame-
works for the selection of the most suitable SPM tool [14]. Multi-
Criteria Decision-Making (MCDM) is a set of concepts, procedures,
and techniques used to make complex SPM tool selection deci-
sions based on multiple criteria in a structured, well-organized and
systematic way [5][22]. For instance, Saaty et al. [19] present an
Analytical Hierarchy Process (AHP) to solve the SPM tool selec-
tion problem based on multiple criteria. AHP is a primary tool for
solving multi-criteria decision-making problems, that organizes
the critical aspects of the problem hierarchically. However, AHP
does not regard the dependencies among different elements or al-
ternatives [1]. To solve the stated limitation of AHP, researchers
propose an Analytical Network Process (ANP), which is an exten-
sion of the AHP. The ANP attains better results in terms of accuracy
compared to other strategies, including AHP, regarding the inter-
dependencies and feedback in decision-making [23]. Due to the
inherent features of the ANP, we present a decision-making frame-
work for SPM tool selection based on ANP. In short, we make the
following major contributions to the existing literature:

e We design a decision-making framework based on ANP for
MCDM problems to help software project managers in choos-
ing the most suitable SPM tool among a pool of available
options.

e We put forward a practical step-by-step example to show
how the proposed framework can be used for solving real-
world complex MCDM problems in the context of software
projects.

The remaining paper is organized in the following ordered sec-
tions; Section II puts forward a comprehensive review of state-
of-the-art related to SPM tool selection. Section III presents prob-
lem formulation. In section IV, we present our proposed decision-
making framework based on the ANP. Furthermore, Section V offers
a practical example to illustrate the effectiveness of the proposed
framework. Finally, Section VI draws the conclusion.

2 RELATED WORK

As mentioned earlier, existing literature discusses a plethora of
SPM tools designed to help project managers in ensuring the suc-
cessful completion of their projects within their time and budget
constraints. Due to the abundance of these tools and the difference
in their features, it is very hard to get a comprehensive list of the
available tools [20][11]. For instance, some of the SPM tools are
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designed to help project managers during the whole life-cycle of
the software projects while others can only be used during specific
stages of the SPM. Due to the said reasons, the project managers
find it very tedious to find and select the most suitable SPM tool
based on the available features set [3].

In literature, the problem of selecting the most suitable tool for
managing software projects is referred to as Multi-Criteria Decision-
Making (MCDM) problem. MCDM is a set of concepts, procedures,
and techniques used to make complex SPM tool selection deci-
sions based on multiple criteria in a structured, well-organized and
systematic way [22] [4]. For instance, Saaty et al. [19] present an
Analytical Hierarchy Process (AHP) to solve the SPM tool selection
problem based on multiple criteria. AHP is a primal and easy-to-
use tool for solving multi-criteria decision-making problems which
organizes the critical aspects of the problem hierarchically. How-
ever, AHP is not suitable for solving many real-world problems
as it does not regard the complex dependencies among different
elements or alternatives [1]. To solve the stated limitation of AHP,
researchers propose an Analytical Network Process (ANP) which
is an extension of the AHP. The ANP attains better results in terms
of accuracy compared to other strategies including AHP regarding
the inter-dependencies and feedback in decision-making [23]. The
ANP achieves this by following the divide-and-conquer rule where
it divides problems into smaller less complex subproblems that are
significantly easy to handle [5].

Although a significant number of studies have been conducted
on PM tool selection in different fields such as construction [9],
wind energy investment [8] and risk management [6]. However,
the techniques presented in these studies cannot be used effectively
for software projects due to the complex nature of software projects
compared to other projects. Very few studies have been done to
solve MCDM problem in selecting the SPM tool. For instance, Ah-
mad et al. [1] proposed AHP in 2006. Kutlu et al. [12] used 12
evaluation criteria for SPM tool selection. The selection criteria
were specified by the experts of the three well-known SPM tools
such as the Microsoft Project, HPPPM, and Primavera. Project man-
agers from different organizations analyzed the evaluation criteria.
However, the AHP has the following two limitations: firstly, AHP
appears to be time-consuming as it re-evaluates the alternatives if
the evaluation criteria change [10]. Secondly, it cannot handle most
real-world complex problems where we have inter-dependencies
among the elements/alternatives.

Similarly, Rivas et al. [17] propose an SPM tool selection model
using 11 evaluation criteria and 94 matrices. Moreover, the proposed
framework formulates the requirements using GQM (goal-question-
metric) and finally, experts evaluate the results obtained. Eastham
et al. [7] presents a model to select a product lifecycle management
(PLM) software by utilizing the SPM knowledge areas. The proposed
framework comprises the following steps: (1) software search, (2)
categorization based on the size of the company/firm, (3) a decision-
maker regarding the importance of knowledge areas with respect
to the features of the tool, and (4) evaluation of the decision in the
previous step considering the available infrastructure/resources
and cost.

Although several frameworks have been designed for MCDM
problems, the SPM tool selection problem seems to be an understud-
ied topic. This paper tries to fill this gap and offers an ANP-based
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Table 1: The Saaty rating scale

Importance  Definition Explanation
1 Equal impor- Two factors contribute
tance equally to the project.
3 Moderate im- Experience, and judgment
portance slightly favour one over the
other.
5 Strong impor- Experience, and judgment
tance strongly favour one over the
other.
7 Very strong Experience, and preference

importance strongly favour one choice
over the other. Its significance
is proved by application.

9 Extreme im- The evidence favouring one

portance side over the other has the
highest level of validity.
2,4,6,8 Intermediate When a compromise is essen-
values tial.

framework for SPM tool selection. The idea is to select the most
suitable SPM tool while considering the internal and external de-
pendencies among different elements and the feedback among the
decision elements and alternatives. The proposed approach, unlike
existing frameworks, regards the demands of the software projects,
the tool feature set, the relationship among the demands and feature
set, and the interaction among different features of a tool.

3 PROBLEM FORMULATION

The SPM tool selection problem is an MCDM problem in which
project managers have to choose the best tool for their software
projects. The MCDM problem refers to the evaluation of a finite
set of alternative choices over multiple decision criteria. In the
SPM tool selection problem, the set of alternative choices contains
different SPM tools. Moreover, the organizational needs define the
decision and evaluation criteria for the SPM tool selection. Hence,
in the SPM tool selection problem, the set of SPM tools is prioritized
based on organizational needs.

Let Alt = Alt; and C = Cj be the sets containing SPM tools
as alternative choices and the organization requirements (needs)
as decision/evaluation criteria, where i € {1,2,3,...,N} and j €
{1,2,3,...,M}. The problem now is to find the best alternative op-
tion (SPM tool), which is denoted by Alt. over C;. Let A represent
a decision matrix of size (M X N), and a;; € A represent the impor-
tance of each alternative choice in A in relation to each decision
criterion Cj.

Each decision criterion will be assigned weights of importance
(denoted by Wj for j € {1,2,3,..,N}). At this time, decision ele-
ments are compared pairwise in terms of their importance for their
control criterion. We used a scale proposed by Saaty [18], as shown
in Table 1, to determine the relative importance of all decision cri-
teria [21] [16]. According to this scale, each criterion in terms of
some criterion can have a value from the set: {9, 8, 7, 6, 5, 4, 3, 2, 1,
1/2,1/3, 1/4, 1/5, 1/6, 1/7, 1/8, 1/9}.
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4 PROPOSED DECISION FRAMEWORK

As mentioned earlier, the proposed decision framework for SPM tool
selection is based on the ANP model, where we perform a pairwise
comparison to calculate the importance of different factors based
on certain criteria [19]. ANP supports both qualitative as well as
quantitative approaches to solving the MCDM problems. The APN
model has the following 4 steps:

(1) Problem identification: The first and foremost step is to iden-
tify and define the MCDM problem without any ambiguities.
For instance, the problem statement will be written as "Se-
lection of suitable SPM tool" if the software project manager
tends to choose a suitable SPM tool for his ongoing projects
based on certain requirements to be met.

(2) Pairwise comparisons and priority vectors: After defining
the MCDM problem, the next step is to create a hierarchical
structure of the problem using a top-to-bottom approach.
Next, we need to organize and structure the objectives from
broad to intermediate to the lowest level. Intermediate levels
are the criterion upon which the subsequent element is based,
and the lowest level is often a list of alternatives. Similar
to AHP, the disjoint sets of criteria are compared based on
their significance value. In addition, a pairwise comparison
is performed within the sets/clusters to examine the intra-set
dependencies. These dependencies are represented using an
eigenvector to record the influence of one element on the
other.

(3) A pairwise comparison matrix is produced as a result of
comparing the components in the lower level with the ele-
ments in the level directly above it. It is possible to obtain a
supermatrix by inserting the local priority vector into the
columns that are appropriate for it. The super Matrix is a
type of partition matrix, and each matrix segment in this
matrix links two different clusters of a system.

(4) Taking into account the criteria as well as the priorities of the
choices, we will now choose the finest ones: The normalised
super Matrix is made up of the priority weights that are
assigned to each of the criteria and the alternatives.

Based on the ANP model as described above, we design our
proposed SPM tool selection framework as depicted in Figure 1.
The proposed framework comprises seven main steps, and the
details of each step as explained in the following text.

Step 1: In the first step of the proposed framework, we need
to define the MCDM problem with specific goals. For instance, in
the context of this paper, the "selection of suitable SPM tool" is the
problem. Also, other necessary information such as organizational
needs is collected.

Step 2: In this step, we establish the SPM tool selection crite-
ria. However, the selection criteria may change with the software
project requirements; therefore, the selection criteria can be defined
loosely and should be open for future modifications. Moreover, we
consider the evaluation factors identified by Mishra et al. [15]. There
are 18 factors in total. However, it is not mandatory to use the same
selection criteria; organizations may add or remove factors based
on their requirements.

In our proposed framework, we define and classify decision crite-
ria into the following three disjoint sets of criteria: (1) functionality
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Figure 1: Proposed Framework

features (FF), (2) technical features (TF), and (3) vendor factors (VF).
For instance, the FF criteria set contains criteria such as task allo-
cation, resource management, estimation, file attachment, email
facility, and collaboration. Similarly, the TF set comprises criteria
such as user manual and online help. Finally, VF set consists of
criteria such as popularity and service support. The whole list of
criteria is depicted in Table 2.

Step 3: In this step, a list of all alternative SPM tools is created.

Step 4: In order to avoid a long list of alternative tools, a preselec-
tion of the alternative SPM tools is made. The list is then reviewed
to ensure only those tools are included that are used the most and
also meet the defined criteria.

Step 5: In this step of the proposed framework, the project team
creates an inter and intra-dependency in the form of a network
among the elements of the criteria sets defined in the previous step.

Step 6: After defining the dependency network, expert services
are utilized to shortlist the alternative SPM tools by doing a pair-
wise comparison. During this process, each criterion is assigned a
value by each expert according to a predefined scale. For instance,
criterion A’ is three times more significant than criteria 'D’. Finally,
anormalized matrix is created based on the experts’ assigned values
by utilizing the following formula:

Bij = = (1)
Where

5j=Zaij ()

Step 7: Based on the dependency network developed in step 5, a
supermatrix is obtained in step 7. Also, a priority vector is obtained
from the pairwise comparison by signifying the impact of a certain
set of criteria. The priority vector w; is depicted by the following
formula:

J
1
wi =~ [Zlﬂu] ®)
iz
Lastly, in this step, the consistency of the pairwise comparisons
is checked and analyzed. The consistency index of the matrix is
used for this purpose and is depicted as:
Ay —
Cf = fmax — 1 )
n—1
Where

(©)

1
Amax ==
n

N (Aw)l

Table 2: Training performance of the three SAEs

Cluster Name Symbol
Task Scheduling TS
Resource RM
Management
Collaboration C
. . Time Tracking TT
Functionality features L
Estimating E
Risk Management RM
Change CM
Management
File Attachment FA
Email Facility EF
Portfolio PM
Management
Usability Us
Reliability R
Technical features System SA
Architecture
User Manual UM
Online Help OH
Total Cost TC
Vendor factors Service Support SS
Popularity P

Furthermore, a pairwise algorithm is utilized to obtain the weights
for each set of criteria by multiplying them by their correspond-
ing elements in the supermatrix. The sum of each column in the
weighted supermatrix should be equal to one.

Finally, the limit supermatrix is computed by multiplying itself
until each column of the limit supermatrix has the same value,
as determined by the convergence of the Supermatrix row values.
Through this activity, each element has a limited priority or impact
on the other over the long term. By normalising and restricting the
Super Matrix, a priority scale is generated upon completion of this
process. The most effective tool will be the one with the highest
priority. The general formula for computing the limit supermatrix
is:

%Zw":c (6)

4.1 A Practical Example

The following example practically demonstrates how each step in
the proposed framework (listed in Section 4) is performed to solve
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Figure 2: ANP Model

MCDM problems - we consider the SPM tool selection problem as
an example.

Step 1: In this step, a broader and general set of SPM tool se-
lection criteria is identified and analyzed. It is very important to
perform this step very carefully as the outcome of subsequent steps
depends on the selection criteria defined in this step.

Step 2: The set of SPM tool selection criteria is divided into 3
subsets/clusters; Table 2 depicts the elements of each set with a
description.

Step 3: After defining the selection criteria and dividing them
into cohesive clusters, the next step is to find SPM tools for alterna-
tive options to choose from.

Step 4: There are a plethora of SPM tools available in the mar-
ketplace to choose from. However, for simplicity, we choose only
three of the most widely used tools available as alternatives in our
example; namely they are Openproject (OP), Redmine (RM) and
Microsoft Project (MP), [15].

Step 5: On the basis of the dependent Matrix depicted in Table
3, an ANP interaction network for selecting appropriate tools is
constructed as shown in Figure 2.

Step 6: The Super Decision software is used to do a comparison
of every criterion and option with regard to any selected criteria.
Because of the constraints of space, the procedure will only be
broken down for one criterion, namely Portfolio Management (PM).
When it comes to portfolio management, Task Scheduling (TS) and
Collaboration (C) are compared based on Portfolio Management
(PM).

Suppose one of the experts says that TS is five times more im-
portant than C, as shown in Table 4. This information is used to
compute the parameter J; that is used to compute normalized ma-
trix as shown in Table 5 with respect to the equation (2).

Table 4: Parameters

PM TS C
TS 1 5
C 0.2 1
(Sj 1.2 6
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Table 5: Normalised Matrix

PM TS C
TS 0.834 0.834
C 0.167 0.167

Now the vector of priorities can be calculated by using the for-
mulation (3). The results are given below (Table 6)

Table 6: Priority Vectors

PM wi
TS 0.834
C 0.167

Following this, the various options are evaluated based on each of
the criteria, and a consistency index is calculated. In this particular
illustration, we look at each criterion in relation to the feature "Port-
folio Management" as shown in Table 7. The formulation reference
equation (3) is used to calculate the consistency index.

As PM depends upon SA in the technical feature cluster, it must
be compared (Table 8)

As illustrated in Table 15, an unweighted Supermatrix is gen-
erated based on the priority vectors obtained in step 6. In this
particular example, the values that were computed can be found in
the 10%" column, which is labelled PM. Because each of the clus-
ters in our example is dependent on the others, it is necessary to
compare all of the clusters with one another (Table 9 - Table 12).

The priority values are used to obtain the dimension matrix, as
shown in Table13.

In order to obtain the Weighted Supermatrix, the values of the
dimension matrix are multiplied by the values of each of the relevant
clusters, as shown in Table 16.

Finally, the limit Supermatrix is calculated using the formula (4).
The limit matrix, as shown in Table 17, yields a limit priority of
the influence of each element on every other element. Hence, this
Matrix shows the relative priorities of each alternative as shown in
Table 14.

5 DISCUSSION

Software SPM tools are essential for project managers to manage
their ongoing software projects efficiently and effectively. However,
selecting an appropriate SPM tool based on organizational require-
ments and the nature of software projects is a multiple-criteria
decision-making (MCDM) problem and needs careful attention.
The quality and success of software projects depend on how they
are being managed, and finding the most suitable SPM tool among
the available alternatives is a very challenging task for project
managers.

Moreover, project managers may ignore the importance of the
fact that SPM tools that fit some types of software projects may
not work well for others. They may consider a subset of selection
criteria that may not be good enough to filter from available tools
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Table 3: Dependence Matrix

TS [RM [C[TT[E[R [CM [FA | EF [PM [Us [RL[SA [ UM | OH [TC [ ss [P | OP | RM | MP

s {0 [1 Jaf1 [al2To Jo Joe ]2 fo Jo o Jo Jo Jo o [2]1 [2 1
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Table 7: Comparing alternatives with respect to PM Table 10: Comparing Clusters with respect to Vender factors.
PM or RM MP wi VF FF TF VF Alts Priority
OoP 1 5 7 0.6580 FF 1.000 0.333 1.000 2.000 0.289
RM 0.2 1 3 0.2627 TF 1.000 2.000 1.500 0.370
MP 0.143 0.334 1 0.0780 VF 1.000 3.000 0.226

CI 0.003 Alt 1.000 0.116

CI 0.207

Table 8: Comparing PM in Vendor Factors Cluster
Table 11: Comparing Clusters with respect to Functionality

PM SA w; features.
SA 1 1
CI 0.00 FF FF TF VF Alt  Priority
FF 1.000 2.000 .0200 4.000 0.192
TF 1.000 1.000 3.000 0.299
Table 9: Comparing Clusters with respect to Alternatives. VF 1.000 2.000 0.227
Alt 1.000 0.280
Alt FF TF VF Alt  Priority CI 0.441
FF 1.000 2.000 3.000 4.000 0.473
TF 1.000 1.000 3.000 0.236 Table 12: Comparing Clusters with respect to Technical fea-
VF 1.000 2.000 0.192 tures
Alt 1.000 0.097
C1 0.015 TF FF TF VF Alt  Priority
FF 1.000 5.000 0.250 3.000 0.336
TF 1.000 3.000 6.000 0.282

and choose the best one. Therefore, most project managers are

biased in choosing an SPM tool based on their judgment or intuition. VF 1.000 4.000 0.293
The research community proposes systematic and formal selec- Alt 1.000 0.087

tion strategies for MCDM problems to avoid the stated issue. In C1 0.802

the broader context of MCDM problems, the literature studies the

Analytic Hierarchy Process (AHP) technique to choose an appro-

priate option among multiple available alternatives. Although AHP relationship among different factors. In this context, researchers

is a simple and easy-to-use technique, it is ineffective in handling propose the Analytic Network Process (ANP) technique to manage

complex MCDM problems as it does not regard the hierarchical the inter-dependencies of other elements.
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Table 13: Dimension Matrix.

FF TF VF Alt
FF 0.192 0.336 0.289 0.473
TF 0.299 0.087 0.370 0.236
VF 0.227 0.082 0.226 0.191
Alt 0.280 0.293 0.116 0.096

Table 14: Synthesis for Alternatives.

Alternatives Priorities Rank
orP 0.0670 3
RM 0.1039 1
MP 0.0845 2

The proposed framework defines 18 evaluation criteria and clas-
sifies them into three disjoint sets. The proposed approach system-
atically creates inter-dependencies among the selection criteria and
uses this information to select the most appropriate tool. The pro-
posed framework allows project managers to evaluate and choose
the best tool based on factors such as organizational needs and
ongoing software projects. Moreover, the selection criteria in the
proposed framework are designed to be flexible as the require-
ments for any software project may significantly change during its
lifecycle.

6 CONCLUSIONS

In conclusion, the proposed SPM tool selection framework based on
the ANP model can effectively and efficiently handle complex sce-
narios as it regards both qualitative and quantitative measures dur-
ing the evaluation of SPM tools. The proposed framework defines
18 evaluation criteria and systematically creates inter-dependencies
among them to select the most appropriate tool. Moreover, the pro-
posed framework allows project managers to evaluate and choose
the best tool based on factors such as organizational needs, and the
selection criteria are designed to be flexible to adapt to changing
requirements during the software project lifecycle.

However, the proposed framework has some limitations, such as
the need for expert decision-makers to assign weights to selected
evaluation criteria and the unclear nature of MCDM problems. To
address these limitations, future research can introduce a fuzzy
ANP (FANP) based framework. Overall, the proposed framework
provides a practical solution to the challenging problem of SPM
tool selection in the software industry.
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