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Abstract

Project management is vital for software project success. Project Management
Body of Knowledge (PMBOK), CMMI for Development (CMMI-DEV), and
other software project management models and practices established to assist
software organizations, each of these models offers diverse focal points. Com-
bined effective software project management practices remain a challenge to
software organizations. In striving to raise the likelihood of software project
success, this paper introduces a framework for software project management
effectiveness which integrated a set of software project management practices
based on the PMBOK guide processes, CMMI-DEV processes, and man-
agement areas that influence a software project. The proposed framework
called 4PTRB which includes people, process, product, project, technology,
risk, and business management areas. The 4PTRB software project manage-
ment framework provides a whole comprehensive view to help software
project managers to improve their project management effectiveness. The
framework is validated by conducting a web-based survey of software profes-
sional practitioners around the world. A statistical analysis of twenty software
projects has been conducted as a case study thereafter, spanning small to
large development projects. The consistency of the case study and survey re-
sults shows the power of the 4PTRB framework as an inclusive software
project management framework.

Keywords

CMMI, PMBOK, Software Project Management Effectiveness, Software Project
Management Framework

1. Introduction

In recent times, the software industry has been regarded as one of the world’s
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largest economies [1]. At the same time, projects are an important route to gen-
erate business value and benefits for organizations. A typical software project
manager must be prepared to handle various contract kinds and procurement
methods. In addition, he/she has to accomplish the software project with tighter
budgets, shorter timelines, resource deficiency, and rapidly vibrant technology.
With an accelerating rate of change, the market environment is dynamic. Thus,
companies handle software projects to systematically produce business value in
order to stay viable within the world economy [2].

Project management practices are considered one of the software project suc-
cess factors [3]-[7]. In today’s rapidly evolving business climate, software projects
require the application of software engineering concepts besides project man-
agement effectiveness abilities to deliver a successful project outcome [8]. For
the achievement of any business, project management is essential, regardless of
software project size [9]. It doesn’t just ensure the project’s success but enable
managers to jointly identify various elements of a business that seem to be es-
sential to software organizations [10]. Regardless of the evolution phase of your
business, imposing effective project management is essential to elevate your
business to the following level. The goal of this study is to develop a comprehen-
sive software project management framework according to an extensive litera-
ture review of software project management frameworks and models to promote
software project success probability.

The structure of the paper is as follows. A brief background of related frame-
works and models is discussed in section 2. Section 3 introduces the proposed
comprehensive framework. As well as the qualitative and quantitative research
validity methods used are explained in section 4. Section 5 demonstrates the re-
search discussion. Finally, the conclusion that has been drawn from this research

along with the suggestion of future work is shown in section 6.

2. Background

Without a doubt, software projects are greatly challenging and numerous re-
search has risen that focus on the improvement of software development processes,
methodologies, frameworks and the technology utilized amid managing software
projects [11]-[18]. In any case, software project management is pivotal for each
software development effort. Nevertheless, a comprehensive software project
management framework to plan and execute a project certainly makes a differ-
ence.

PMBOK guide and CMMI-DEYV are two of the most widely recognized works
[19]. They have a process-oriented view on project management [20]. Projects
are managed as a set of processes. Product, Project, and People (3P’s) list prima-
ry competencies which are utilized by the most successful software project man-
agers [21]. The (3P’s) model has a competency-based approach for software
project management. People, Product, Process, and Project (4P’s) [22], as well as

People, Process, Product, and Risk (3PR) frameworks, are concentrates on effec-
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tive software project management practices [23] [24] [25]. The main manage-
ment areas stated in the existing software project management models and frame-
works illustrated in Table 1.

While the Project Management Institute (PMI) points out the significance of
human resource management [26]. Also, the skilled people considered as one of
three Software Engineering Institute (SEI) critical dimensions [27], they do not
go into the details of people management in the project environment to develop
high-quality software products [28]. However, the PMBOK guide affirmed the
importance of technical project management, and CMMI-DEV declared the value
of tools and equipment will be used during the project, the technology area
doesn’t include in-depth. In addition to the (3P’s) model are not detailed the
processes that are necessary to deliver the software projects. As well as, the (4P’s)
and (3PR) frameworks covered many management areas, deeply business angle
and technological aspects are somewhat overlooked and not mentioned.

The choosing of a software project management framework can be one of the
challenging duties and can have an impact on the future of the project [11].
Usually, the project manager criteria for chose the management framework of
the software project is mainly based on subject-matter expert preferences, simi-
lar previous experience, organization rules, or even stakeholders’ opinion.

As each software project management framework or model provide differ ad-
vantage and point of view distinct than others [12] [17] [29]. When the project
manager selects to execute a specific framework, he/she may need some addi-
tional areas, practices or even skills outside the framework followed.

Accordingly, with the purpose of less dependency on a single project man-
agement framework, besides adding the business and technology perceptions to
offer a whole view. This research introduces a comprehensive software project
management framework by integrating the previous project management mod-
els and frameworks to help project managers to deliver a successful software
project. The proposed software project management framework will be dis-

cussed in detail next section.

Table 1. Main management areas and their correspondence to the existing models and
frameworks.

Software Project Management Models and Frameworks

Main Management Area

3P’s 4P’s 3PR
People v v v
Process 4 4
Product v v v
Project v v
Technology

Risk v

Business
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3. Proposed Framework

Proposed software project management framework derived from those previous
models, which integrated a set of software project management practices based
on the PMBOK guide processes, CMMI for Development (CMMI-DEV) processes,
and management areas which influence on a software project to serve as guiding
principles for the software project management discipline.

Moreover, two software management areas added to the existing models and
frameworks to provide a comprehensive vision. One of these main areas is re-
lated to the business perspectives and aspects of managing the financial opera-
tions to deliver a software product in the direction of obtaining a commercial
value in today’s competitive market.

While another main software management area included in the proposed
framework concerns the technology side. The software project manager has to
mind out of technological knowledge and different technical angles to produce a
highly performed software product.

The proposed framework consists of seven main software management areas:
People, Process, Product, Project, Technology, Risk, and Business (4PTRB).
These main software management areas contain twenty-eight sub-areas over the

project lifecycle shown in Figure 1. The five main areas and its related sub-areas
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Figure 1. The proposed software project management framework (4PTRB).
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that have been included in software management frameworks and models de-
scribed previously are people, process, product, project, and risk. Therefore, we
will not go to discuss them in detail. Technology and business are the main areas
that have been added to make the framework inclusive. These two software
management areas decomposed into five sub-areas, which briefly described in

this section.

3.1. Technology

Technology management is a set of management disciplines that enables organ-
izations to manage their technological backbone to form competitive business
advantage, improve software products and services. Technology development is
an iterative way regarding maturing technologies, boost knowledge, and refining

user performance [30] [31].

3.1.1. Technology Maturation and Risk Reduction

The purpose of the Technology Maturation & Risk Reduction (TMRR) sub-area
is to consider the maturity and fitness of a particular technology involves deter-
mining its readiness for operations by project team to reduce technology risk,
engineering integration, buying down technical issues and developing an appro-
priate understanding of a software solution in order to support business deci-
sions and to define the acceptable set of technologies to be joined into a whole

software system.

3.1.2. Knowledge Management

Knowledge management concern with making sure the skills, experience, and
proficiency of the project stakeholders including the project team are well uti-
lized at an earlier point of the software project. Manage project knowledge
sub-area concentrate on using existing knowledge, creating new knowledge to
achieve the project’s objectives and contribute to organizational learning, shar-
ing knowledge to empower project stakeholders, and obtaining lessons learned
at the end of the project [32].

3.2. Business

The business management area contains aspects of supervision and administer-
ing business and financial operations. Software business management concern
with the commercial actions of the software industry, aimed at producing, buy-

ing and selling software products or services.

3.2.1. Contracting Management

Contract management or contract administration is a concern about managing
the contract creation, negotiation, execution, alteration and termination of con-
tracts with various parties including customers, vendors, distributors, sub-con-
tractors, and employees [33] [34]. The contract management sub-area goal is to
maximize operational and financial performance at an organization, with the

intention of reducing financial risk.
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3.2.2. Procurement Management

Project procurement management includes the processes necessary in confor-
mity with the purchase or acquires products, services, or materials desired from
outside the project crew. The software project manager would also specify the

procurement approach, procurement relationships, and identify potential sellers.

3.2.3. Benefit Management

Benefit management focuses on recognizing, preparing, tracking, and realizing
business benefits [35]. PMI terms business value as much the net quantifiable
benefit derived out of a business endeavor. The goal of benefits management
sub-area is to increase the business values of software project implementation,
maximize the financial impact on the organization, and sustaining the benefits
provided by a project.

In this research, software project management effectiveness has been meas-
ured based on the software management areas included in the 4PTRB frame-
work. Therefore, the Project Management Effectiveness (PME) formula consists
of the summation of each main software management area score. These main
areas are not equally weighted. A web-based survey has been carried out to pro-
vide a rating of each main software management area. The framework validation
methods including the survey and case study will be presented in the next sec-
tion.

PME Score = PeopleS + ProcessS + ProductS + ProjectS
+ TechnologysS + RiskS + BusinessS

where:
PME Score: Software Project Management Effectiveness Score;
PeopleS: People Main Area Score;
ProcessS: Process Main Area Score;
ProductS: Product Main Area Score;
ProjectS: Project Main Area Score;
TechnologyS: Technology Main Area Score;
RiskS: Risk Main Area Score, and;

BusinessS: Business Main Area Score.

4. Framework Validation

After the development of the 4PTRB framework, it has been validated by a sur-
vey with the participation of software professional practitioners around the
globe as a first stage on the way to validate the framework. Variation of partici-
pants’ roles, experience, organization type, and software application kind they
have participated in the survey, strengthens the framework. Posteriorly, it is fol-
lowed by a case study stage on twenty software projects as a dataset with a di-
verse scope, budget, and period. A statistical analysis of software professional
practitioners’ reply and case study dataset results revealed that the framework is
valid. Those results will be presented in this section. The research process is

represented in Figure 2.
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Figure 2. Research process.

4.1. Survey

In order to validate the framework developed earlier to be widely applied. A
web-based survey study was devised among software professional practitioners
worldwide. The survey was anonymous, but respondents had the opportunity to
leave their contact information if they were eager to discuss the results of the
survey with the author. There were one hundred twenty-six responses to the
survey, three of them expressed their scarcity of experience in the field, so their
results were left out. Accordingly, the total number was one hundred twen-
ty-three valid responses and the average time to complete was around five mi-
nutes.

The web-based survey contained nineteen questions. Seventeen of them were
mandatory which collect information regarding respondents and their previous
experience as well as their opinion regarding the framework. While there were
two optional questions where participants can mention management area, activ-
ity, concept, dimension or anything he/she would like to add in the framework
and last question was about how much likely they are recommending this survey

to a friend or colleague.

Survey Results

The web-based survey questions can be logically divided into three chunks, a
chunk of questions that concerning the importance of management areas,
another chunk was about the significance of the 4PTRB framework, while the
third one to collecting information regarding respondents and their background

experience.
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This survey helped to rank the importance of the main seven software man-
agement areas based on the analysis of respondents’ choices as follows: People,
Process, Product, Project, Technology, Risk, and Business. The first letters of
these main areas are used in naming the framework. Therefore, it is named
(4PTRB) framework. Rating of the main software management areas illustrated
in Table 2 and Figure 3.

In this context, this rating helps to formulate the Project Management Effec-
tiveness (PME) formula. PME formula derived from the Demir and Cullen stu-
dies [23] [25]. It consists of main area scores multiplied by their corresponding
rating. The main area score formula consists of the summation of its associated
sub-areas score divided by their count. While each sub software management
area score is calculated via questioning software project manager a bundle of
closed-form questions. These questions are placed into the PME questionnaire
that assesses to which extent the software management area, its associated sub-area,

and practices being applied.

PME Score = PeopleSx 0.227 + ProcessSx 0.196 + ProductSx0.172 + ProjectSx 0.153

+ TechnologySx 0.141+ RiskSx 0.074 + BusinessSx 0.037

Table 2. Ranking of main software management areas.

Rank Management Areas Rating (In Percentage)
1 People 22.7%
2 Process 19.6%
3 Product 17.2%
4 Project 15.3%
5 Technology 14.1%
6 Risk 7.4%
7 Business 3.7%

r Business 3.7%

Technology 14.1% ”\

_~—People 22.7%

Risk 7.4% —_

Project 15.3% —

" Process 19.6%

Product 17.2% J

Figure 3. Rating of main software project management areas.
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Respondents were asked to what extent they think 4PTRB framework signifi-
cant to serve as guiding principles for the software project management discip-
line, results represent that the framework is valuable as shown in Table 3.

The survey was populated, and respondents global wide were asked to recall
the last projects they participated in or projects that they have thorough know-
ledge about. In this paper, descriptive and analytical statistics used to interpret the
results. Distribution of the respondents around the world is shown in Figure 4.

Software professional practitioners were participated in different roles in
software projects, whereas 57 of respondents were project manager constitute
the majority. The respondents’ roles are illustrated in Figure 5.

Table 3. The significance of the 4PTRB framework.

Choices Very Somewhat . No
Important Neutral Unimportant ..  Total
Results Important Important Opinion
Number of
70 36 15 2 0 0 123
Respondents
Percentage 56.9% 29.3% 12.2% 1.6% 0% 0% 100%

Australia 0.8% (1) _ Netherland 0.8% (1)
Belgium 1.6% (2)

~__South Africa 0.8% (1)

Saudi Arabia 1.6% (2)

Kuwait 2.4% (3) @

USA 6.5% (8)

India 13.0% (16)

 Egypt 72.4% (89)

Figure 4. Distribution of the respondents around the world.

M Project Manager

m Project Team Leader - 6

W Requirement Engineer i 10
Software Architect ‘ 10
m Software Designer - 9
m Software Test - 9
m Software Code Developer - 12
M Software System Engineer . 3
H Researcher/Scientist - 3
M Other - 4
0 10 20 30 40 50 60
Figure 5. Respondents roles.
DOI: 10.4236/jcc.2020.83009 94 Journal of Computer and Communications


https://doi.org/10.4236/jcc.2020.83009

M. E. Barghoth et al.

Respondents had diverse years of experience, however, 27 of the respondents
were revealed 9 years of experience as the most chosen choice. Figure 6 demon-
strated a different year of experience of respondents.

Also, they have participated in a various number of software projects, results
show that the majority of respondents participated in 10 projects, and twelve of
respondents indicated that they participated in more than 10 projects. The sur-
vey results reflected the respondents’ knowledge. The number of software projects
that survey respondents had joined presented in Figure 7.

Besides, the survey tried to catch the type of organization in their projects during
their previous experience as explained in Figure 8.

Moreover, respondents mentioned that they were involved in different kinds
of software applications as shown in Figure 9.

The website holds the survey and the analysis of its results published and can be
reviewed in detail by link [36]. In order to conduct a case study, a software
project management effectiveness tool to quantitatively measure the project man-

agement effectiveness has been developed.

M1 Year
W 2 Years
3 Years

4 Years

M5 Years
W 6 Years
W7 Years
W 8 Years
W 9 Years
M 10 Years

M More than 10 Years

0 5 10 15 20 25 30

Figure 6. Respondents expertise.

M 1 Project
W 2 Projects
i 3 Projects
4 Projects
m 5 Projects
M 6 Projects
W 7 Projects
M 8 Projects
M 9 Projects

m 10 Projects

® More than 10 Projects

0 5 10 15 20 25

Figure 7. The number of software projects which survey respondents joined.
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o
=
o
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o
~
o

80

M Real-Time System
u Web-Based
i Database
Office-Type Application
B Mobile Application
W Operating System
M Custom Web Service
B Security System

H Other

70

Figure 9. Kinds of software applications.

4.2. Case Study

The survey study is a vital part of the research. Likewise, the empirical support of
the framework done by the case study is an important contribution of this re-
search. We conducted a case study on an organization located in Egypt that
concerns about building software products. The case study was on twenty soft-
ware projects with different size, budget, and duration. These twenty software
projects were within the timeframe of the 2018 year and led by eight project
managers.

The study participants consisted of software project managers and executive
managers. While the software project managers were partaking their project’s
data, the executive managers asked to grant project success score for every
project based on scope, schedule, budget, customer satisfaction, and business value
viewpoints. Software Project Management Effectiveness Evaluator (SPMEV) is an
online tool developed to allow the case study participants to evaluate the soft-
ware project management effectiveness of their software projects. It contains a
self-administered PME questionnaire by asking the software project manager a
set of closed-form questions during the project life cycle based on the imple-
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mentation of the 4PTRB framework management areas and practices.

Case Study Results

The study participants had privacy concerns, so the projects were named ac-
cording to alphabetical order. Case study findings were interesting and consis-
tent with survey results. Participants completed the PME questionnaire by them-
selves on their own time. Most of the study participants completed it within
thirty minutes. Project success scores provided by participants and PME scores
calculated by SPMEV were from zero to ten. Where a score of zero means a
software project is not succeeded and the least effective project management has
been applied by the software project manager. While a score ten means a suc-
cessful software project and indicates that the most effective software project
management has been applied.

To compare our results with previous studies, the 3PR framework and its as-
sociated project management effectiveness evaluation model have been imple-
mented on the twenty software projects that included in the case study dataset
and software project management effectiveness has been also measured.

The projects in the dataset are a good mix of projects in many aspects. As the
rest of the projects show variability in size and cost. Almost all of the partici-
pants reported a high percentage of delivered functionality. The case study
project schedules vary from four months to twelve months, whereas the average
duration schedule of the projects in the dataset is eight months as shown in Ta-
ble 4.

There was a strong positive correlation with the project success score and
software project management effectiveness (PME) score as shown in Figure 10.
The correlation between 4PTRB PME score and success score stronger than
3PR PME and success score. The Pearson correlation coefficient is 0.9505,
while it is 0.8276 when the 3PR framework applied. That means implement-
ing the 4PTRB framework emphasizes the chance of delivering a successful
software project.

In Demir’s study [23], a lengthened PME questionnaire introduced as the av-
erage time to complete the questionnaire can be reached to three hours. In addi-
tion, the PME score has been measured by the author that took about four to six
hours. As future work, an automated tool will significantly reduce the time to
complete the process. Accordingly, we developed SPMEV as a web-based tool
using the client-server model.

In this study, all optional and essay questions are neglected. So, the number of
questions has been decreased. Also, the PME questionnaire divided by the
project phase into five portions. That allows software project managers to sub-
mit the PME questionnaire in a shorter time, as case study participants com-
pleted the questionnaire in thirty minutes. SPMEV automatically measured the
PME score promptly after submitting the PME questionnaire. Such findings
reinforce the validity of the 4PTRB framework.
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Table 4. Case study dataset.

Planned Planned Scope of Project  Average Number PME PME
Number Project Cost/Actual Duration/Actual feature or Size in of People kind of software  Success Score Score
Name Cost (In Duration fl.mctions term of involvet.i in the applications Rate (4PTRB) (3PR)
Thousand $) (Months) delivered (%) (KLOC) project
1 A 15/16.4 6/7 100% 10 29 Custom Web Service 6 6.11 4.6
2 B 25.6/27 9/9 100% 10 36 Web-Based 6 6.4 7.68
3 C 4/4 4/4 100% 6 8 Web-Based 9 9.84 9.82
4 D 6/6.8 5/6 100% 8 15 Custom Web Service 7 6.43 591
5 E 6/6.2 8/8 95% 10 19 Web-Based 8 8.35 8.71
6 F 6/6.4 9/11 100% 10 20 Web-Based 7 7.77 7.91
7 G 717.9 10/10 84% 16 21 Mobile App 6 6.02 5.46
8 H 717.8 11/10 100% 19 21 Web-Based 8 7.97 8.93
9 I 38.5/39.5 12/12 90% 23 43 Database 7 6.57 5.6
10 ] 38/39 11/11 100% 20 43 Database 6 5.79 5.32
11 K 17.5/18.1 9/11 92% 21 19 Mobile App 7 7.16 7.38
12 L 8/8.5 8/8 100% 10 15 Mobile App 7 7.03 7.42
13 M 7.8/9 717 96% 9 18 Web-Based 5 5.35 3.62
14 N 5/5.5 4/4 100% 6 8 Mobile App 7 7.05 7.35
15 (@) 4/4.3 5/5 100% 6 10 Custom Web Service 6 6.27 5.73
16 P 4/4.6 5/5 100% 7 10 Custom Web Service 5 53 3.29
17 Q 5/5.3 7/8 91% 8 15 Custom Web Service 6 6.23 4.74
18 R 4/4.6 4/4 100% 6 8 Web-Based 6 5.9 4.22
19 S 15/16.2 6/6 100% 7 12 Database 5 5.11 6.32
20 T 42/43.5 12/12 87% 28 46 Security System 6 5.44 3.84

@ Success Score @4PTRB PME Score @ 3PR PME Score
10

Score Range

[+3 E H F K N L 1 D B o [¢] A G R J T M P S
Project Name

Figure 10. Correlation between the project success score and the 4PTRB PME as well as the 3PR PME scores.
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At the end of each project phase, a measurement of software project manage-
ment effectiveness can be made as part of the postmortem process to promote
iterative best practices. Therefore, recommendations can be drawn up and ap-
plied in the corresponding phase of the project for challenging software project
management areas. Consequently, the software project manager and top man-
agement may perform corrective actions for any project duration. The recom-
mendations of software management areas and sub-areas that need to be consi-
dered by the software project manager per phase also have been offered in
SPMEYV and were not included in the previous works.

5. Discussion

The research is focusing on developing a multidimensional framework for soft-
ware project management effectiveness. The software project management frame-
work derived from existing models and frameworks. However, there is a distinc-
tive characteristic of the 4PTRB framework. Both technology and business
management areas are considered in the 4PTRB framework to cover more as-
pects and provide a whole inclusive view.

Software projects are also greatly influenced by technology. Managing tech-
nology affects the business benefit can be achieved in software projects. Each
technology can offer a bundle of privileges besides it has own limitations. Thus
choosing the exact technology and aligning it with the business value is a very
important consideration for any software project manager.

The survey study has been conducted for validation of the framework also
shown that people management has the highest importance in software project
management. Previous studies point out that there is a strong positive correla-
tion between software project success and project management effectiveness
[37]. Also, the case study results in this paper confirmed the existence of the re-
lationship with empirical evidence. Such findings reinforce the validity of the
4PTRB framework.

6. Conclusion and Future Work

To conclude, in this research, a comprehensive software project management
framework is introduced based on the frameworks and models used in this
stream of research. The framework called 4PTRB which includes people, process,
product, project, technology, risk, and business management areas. Each main
area is decomposed into sub-areas of software management. Twenty-eight soft-
ware management sub-areas shape the framework over the project lifecycle. The
4PTRB framework offers guidance to the software project manager to less re-
liance on a specific framework in the direction of increase the chance of deliver-
ing a successful software project. The findings of the analysis have been con-
ducted on the data gathered from the survey followed by the case study indicate
that the 4PTRB software project management effectiveness framework proposed

in this research is intact, valid and appropriate to be used in software projects.
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As the next steps, the evaluation model of software project management effec-
tiveness besides SPMEV will be introduced in a separate paper. Also, we plan to
enhance the 4PTRB framework applicability. Only twenty software projects are
included in the case study, so increasing the sample size may reveal new insights.
While all the projects in the dataset were developed in Egypt. Future studies
should include projects developed in other parts of the world. Moreover, any

future work on SPMEV can offer a prediction of the software project’s success
will be helpful.
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