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Abstract— Effective project management is influenced by several factors such as scope creep, time, cost, number of personnel and
complexity of project and so on. However, existing project management strategies mainly rely on domain knowledge and experiences of
the project personnel than on analytical procedures. This has a considerable impact on the failure rate of the projects in IT industry.
Further, every partial, if not full failure of project accelerates the overhead required to resolve those failures affecting the continuous
process improvement in the industries. This paper presents an empirical analysis of several projects developed at various software

industries in order to comprehend the impact of scope creep on various factors influencing the project success.

Investigation results

indicate the need for effectively managing the scope creep to ensure increased production of successful projects and henceforth continued

sustainability of the organization in the industrial market.

Index Terms — Project Success, Software Quality, Scope Creep, Software Development Life Cycle, Software Metrics, Software

Engineering, Project Management.

1 INTRODUCTION

Software development process comprises of series of activities
that aims to achieve a defined set of objectives for developing
high quality software product which is one of the most signifi-
cant characteristic to attain customer satisfaction. It is worth to
recall that total customer satisfaction is the only promising
path for any organization to continue to exist in the ever grow-
ing IT business frontier. The characteristics of high quality and
customer satisfied software includes development of the soft-
ware product within resource constraints such as budget,
schedule, resource personnel, technology, scope of the formu-
lated objectives etc. Developing defect free software within the
aforementioned constraints is yet again a challenge [1].

Author of [3] have highlighted the overlap that exists between
projects and project management process and the perplexity
that can arise from the common use of these terms. Efficient
project management is one of the assuring techniques that
ensure development of high quality product through its effec-
tive implementation mechanisms. However, this strategy can
be successful only when important elements in the project
management process are managed efficiently by the project
personnel. This process involves the activities of planning,
execution, monitoring, control, closure of a project etc. by a
project manager, in order to keep the project on contractual
constraint of scope, time, cost and quality. Thus, scope of the
project is also deemed as one of the most important factors in
project management process.
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Project scope always demands the team to have a good hold
on business objectives and requirements which when neglect-
ed may result in scope creep. The survey reports of [3] states
that more than half of projects developed between 2002 and
2010 in the software industries at global level were either chal-
lenged or met with failures. Challenged project requires re-
work on the complete project which leads towards expensive
overheads and hence is also not well appreciated either by the
business perspective or by customer perspective. Hence, it is
vital for any organization to engineer successful projects in
lieu of either challenged or failure projects.

It is a well known fact that software development process is
never static and is intrinsically dynamic in nature due to the
advancement in technology and need of the customers. Hence,
requirements always keep evolving during software devel-
opment span which comprises from time of inception to the
time the product becomes obsolete. Hence, the scope which is
initially defined during the commencement of the project has
probability of undergoing modifications. These modifications
include addition of scope which further creates an impact on
various other project influencing factors such as time, cost etc.

The aim of this paper is therefore to analyse the influence of
scope creep on factors which modulates the success level of
the projects. The knowledge of scope creep and the current
lacuna existing in scope creep management process initiates
the research to progress towards the introduction and imple-
mentation of effective scope creep management strategies dur-
ing project development. Further, it enables the industries to
continue successfully in the competitive industrial market.

2 LITERATURE REVIEW

Efforts are persistent to ensure complete success of the soft-
ware products which are developed in software organizations.
Managing the projects effectively therefore is one of the ele-
mentary processes during software productions to accomplish
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the above requisite need. Hence, research evolves in all facets
of effective project management process.

Authors of [2] view the project and project management in
different perspective where they emphasize on project man-
agement to focus towards achieving specific and short-term
targets when compared to the wider aims of a project. There-
fore, author in [11] recommend project management to be
deemed as a significant focus during software development
process exclusively when an organization is concerned in im-
plementing new deeds for development of innovative prod-
ucts [11]. However, authors of [4] indicate the significance of
role of project managers in order to achieve effective project
management process. Hence, authors of [7] suggest various
best practices to be followed by the project manager to ensure
adequate requirement information for attaining successful
project development process [7].

Author in [6] strongly states that project management process
has gained an increasing amount of attention to improve a
firm’s competitive position in terms of quality. However, au-
thors in [12] emphasize on managing the project scope creep
in order to effectively manage the project. They state that ini-
tial formulations of requirements which are made during re-
quirements phase are most of the time prone to undergo
changes enabling the scope to creep throughout the develop-
mental activities. Hence, a failure to define a precise system
scope results in architectures that yield to poor requirements
definition thereby inviting scope creep [5].

Nevertheless the type of impact of scope creep on project suc-
cess, authors of [8] suggests implementation of metrics to pro-
vide rigorous information regarding the requirement effort
and the boundaries of the IT deliverables. They have further
suggested the choice of apt metrics during the developmental
process [8].

Since, metrics play a major role in evaluating the quality of
software, it becomes highly inevitable also to measure the
quality from various dimensions which includes process,
products and human resources. Accordingly, authors in [9]
have recommended management metrics to measure various
resources such as cost, time, etc. They additionally suggest the
implementation of metrics for traceability and stability of re-
quirements which is considered to play a vital role in project
success [9].

However, author in [10] strongly express the need for devel-
oping new metrics which can predict the success of the project
as they feel that the traditional project management metrics
have served the project management community over the
years and therefore has proven its lacking ability in predicting
whether a project will be successful ultimately or not [10].

Authors of [14] have therefore recently introduced two quality
metrics to measure the quality of software inspections through
process and people metrics namely Depth of Inspection (DI)
and Inspection Performance Metric (IPM) which aims towards

improving project success through their predictive metrics.

However, there are several metrics through which every facet
of software development can be measured for enhancing the
quality of their production [15].

This paper however focuses upon the study of various factors
which modulates the success of the project in terms of scope
creep. This knowledge further enables one to orient towards
implementation of quality project through analytical mode
than conventional methods of software development process.

3 RESEARCH METHODOLOGY

Success of the project also depends upon the apt decisions
made during project management process. Hence, this study
aims to comprehend the impact of scope creep on project
management process and other factors influencing project
success during the process of software development.

This investigation includes a deep survey conducted on sever-
al range of projects drawn from various leading software in-
dustries of varying production capabilities. The projects con-
sidered in this investigation are non critical service based pro-
jects which are collected from quality assurance department
and also from the data repository of the industries under the
study. Tools used for empirical data collection from the pro-
jects includes interviews, mails and face to face communica-
tion with various software developing team members such as
quality assurance team, project management team, technical
managers, system analysts etc. The empirical projects are
sampled using random sampling technique.

4 RESEARCHWORK

The critical factors influencing project success that are ana-
lysed in this investigation include scope creep, time, cost, de-
velopers, function points, technology, experience etc.

Project

Success

Developers

Figl : Project Success Influencing Factors

Technology used in the development of the project is constant
and do not undergo modifications throughout the develop-
ment of the project and hence is deemed as an uncontrollable
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factor which is ignored for this analysis. Figure 1 depicts the
factors influencing project success.

The study made on these projects indicates the significance of
scope creep management and its influence on other project
modulating factors in realizing project success. The deep
analysis on these influencing factors has led to the compre-
hension of impact of scope on those influencing factors which
affect the project success. Our forthcoming research work will
explore various facets of scope creep.

This research comprises of investigation carried out on various
projects that are developed in several service based software
industries. There were several challenges that required estab-
lishment of hypothesis to overcome the challenges.

Challenge 1: Software industries under this investigation have
varied software developmental policies.

Challenge 2: Existence of varying application domains and
complexities in the projects that were developed in these or-
ganizations.

In order to overcome challenge 1, this research considered
service based software industries which are CMMI level 5 cer-
tified and hence developmental policies in all those industries
adhere to the same standards. To overcome challenge 2, this
work focuses on non critical application projects such as bank-
ing, financial sector and enterprise solutions domain. Estab-
lishment of hypothesis has further led to the realization of
precise analysis and inferences drawn in this research.

Hypothesis 1: All projects are developed in similar environ-
ment and using similar software languages.

The sampled projects are developed using asp.net in windows
operating system environment. The rationale for considering
projects developed using asp.net is that amount of effort re-
quired for the developing personnel is comparatively less due
to the availability of large number of automated tools. The
amount of effort required during software development by the
developing personnel therefore depends on complexity level
of the project, which can be measured using function point

analysis and number of person hours of development.

Software industries measure their process maturity level
based on certification standards such as ISO, CMMI, Six Sig-
ma, TQM and so on. As an instance the authors in [13] pro-
poses the interface-related descriptions in requirement phase
and they introduced the using of COSMIC ISO 19761 to esti-
mate the functional size.

Function points play a vital role in estimating the factors of the
project management such as time, cost, managing scope creep
etc. Function Point Analysis is one of the proven, consistent
methods for estimating the software project complexity. Nev-
ertheless, the variations in organizational implementation
standards, majority of the software industries follow function-
al point analysis as one of the popularly used complexity
measurement for large number of their application develop-
ments. This focused the research to further narrow down with
the formulation of hypothesis 2.

Hypothesis 2: Projects are classified as small, medium and
large project based on function point analysis.

Hence, the projects are considered to be small projects having
fewer complexity when the estimated function points are be-
low 700, while projects having function points varying be-
tween 700 and 5000 are considered as medium sized projects,
and those of the projects whose function points are above 5000
is considered as large projects. Table 1 depicts 10 projects
which are sampled using deliberate sampling technique for
collection of projects based on number of function points.

The rationale behind this mode of selection of deliberate sam-
pling technique indicates the initial level of investigation and
our forthcoming paper presents the subsequent analysis of
data with randomly sampled empirical information. Table 1
indicates the data sampled from the companies under the
framework of hypothesis as explained in section III and sec-
tion IV of this paper. It further provides information about
factors such as scope creep, time, cost, function point and fi-
nally the success rate of the complete project.

TABLEL : FACTORS INFLUENCING PROJECT SUCCESS

PF P1 P2 P3 P4 P5 P6 P7 P8 P9 P10
Exp | Act | Exp | Act | Exp | Act Exp Act Exp Act Exp | Act Exp Act | Exp | Act | Exp Act Exp Act
sC 15 15 112 | 180 | 162 | 186 260 380 | 1520 | 2060 | 480 | 580 165 180 | 750 | 975 | 1520 | 2060 | 2400 | 2850
Time(*) | 790 | 790 | 350 | 565 | 490 | 565 | 1625 | 2375 | 4750 | 6440 | 1500 | 1820 | 1500 | 1640 | 2500 | 3250 | 4750 | 6440 | 8000 | 9500
Cost(*) | 4.7 | 4.9 3.8 49 | 486 | 558 | 715 | 1045 | 418 | 5665 | 1.32 | 1.59 | 1485 | 16.2 | 25 | 3.25 | 418 | 5.665 8 9.5
Dev 2 2 5 4 10 13 15 18 28 32 22 38 8 10 12 18 28 32 35 42
E Dev 34 | 34 | 24 24 | 2-4 | 2-4 3-6 3-6 3-5 3-5 3-6 3-6 2-4 2-4 3-5 3-5 3-5 3-5 3-5 3-5
FP 142 | 148 | 700 | 1125 | 1350 | 1550 | 1625 | 2375 | 9500 | 12875 | 3000 | 3625 | 4125 | 4500 | 6250 | 8125 | 9500 | 12875 | 20000 | 23750
PS (%) | 100 | 99 100 40 100 85 100 55 100 65 100 79 100 90 100 70 100 65 100 82

PF - Project Factors, SC - Scope Creep; (*)- Measure in Person Hours; (**) — USD; Dev — Number of Developers; EDev — Average Experience of Developers; FP - Function
Points; PS - Project Success;
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For the purpose of analyzing the impact of scope creep on pro-
ject and henceforth on various other factors, the sampled pro-
jects are arranged in increasing order of function point com-
plexity. Table 2 indicates the variations of estimated and actu-
al utilization of project factors.

Table 2 infers that when there is no scope change as shown in
project P1 the success is 99%. However, with the increase of
scope creep the project success has reduced. Hence, it is evi-
dent that scope creep has an impact on the success of the pro-
ject.

experience level of developing personnel which is again fur-
ther research that needs to be explored.

Figure 2 depicts the influence of scope creep on project success
for the sampled projects illustrated in Table 2.

Figure 2 infers that the success rate of the project is decreasing
with the increase in scope creep. Figure 3 depicts the impact of
scope creep on other project factors.

TABLE 2: FACTOR VARIATION VALUES 80
|
PF PL|P7 [P3 |P10 |P6 |[P8|P5 |P9 |P4 |P2 70
60
0y
vsC(%) | 0 | 9.09 | 1481 | 18.75 | 20.83 | 30 | 3529 | 355 | 46.15 | 60.71 0 mVSCI%)
VT (%) | 38933 [ 1531 | 18.75 | 21.33 | 30 | 3548 | 35.6 | 46.15 | 61.43 20 =V Time(%)
V Cost (%)
vC (%) | 35 ] 909 | 1481 | 18.75 | 20.83 | 30 | 3529 | 355 | 46.15 | 60.71 30 : =V Dev (%)
vD@) [0 [25 [30 |20 |[7272]50 | 3846|143 |20 |75 2 VP (%)
10
VEP(%) | 0 | 9.09 | 1481 | 18.75 | 20.83 | 30 | 3529 | 355 | 46.15 | 60.71 .
PS(%) 99 |90 |85 82 79 70 | 65 65 | 55 40 PL P7 P3 P10 P6 P8 P> P9 P4 P2

VSC - Variation in Scope Creep; VT - Variation in Time, VC - Variation in Cost;
V D - Variation in Number of Developers; VFP - Variation in Function Points; PS
- Project Success

Further, the subsequent investigation was to explore the im-
pact of scope creep on other factors. From Table 2 it is visible
that when there was no scope creep as observed from project
P1 the variations with respect to factors such as time, cost,
number of developers, average level of experience is not hav-
ing high variations exceeding 10% which is an acceptable vari-
ation of project resources in any industry.

120

100

80

60 W VSC (%)

mPS (%)

40

20

P1 P7 P3 P10 P& P8 PS5 P9 P4 P2

Fig 2: Comparative analysis of scope creep and project success

However, with increase in scope the variations observed from
the estimated to the actual utilization of the above said re-
sources has also increased. This observation clearly indicates
that scope creep has an impact on the aforementioned factors
which also modulates the success of the project. However,
scope creep in the sampled projects remains unaffected on the

Fig 3: Comparative analysis of scope creep and project influencing factors

Figure 3 infers that the scope creep further has an impact on
other factors of project such as time, cost, number of develop-
ers, number of function points etc. Rationale for appending of
scope creep during project development process can be due to
inconsistency, ambiguity or incomplete requirement engineer-
ing process.

Further, the variations observed in scope leading to scope
creep have resulted in variations in number of function points.
It may be noticed through Figure 3 that there is related varia-
tion between scope creep and function points. Additionally, it
is significant that scope creep is also influencing the time and
cost. Thus, we can visualize scope creep in a mathematical
perspective where there exists relation between scope creep,
cost, time and function points which further has a direct rela-
tion in quality of the project and henceforth the success level
of the project.

Further proceeding in this investigation, the study led towards
analyzing the mathematical relation that exists between scope
creep and project influencing factors considered in this re-
search. Accordingly, scope creep is found to be proportional to
time, number of function points and cost.
Sc « {T,Fp,C} 1)

Where SC -Scope Creep, T -Time, FP - Number of Function
Points, C - Cost

Further scope creep is inversely proportional to the success of
the project.
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SC « 1/PS ®)

Where PS - Project Success

From the analysis, it is visible that scope creep is directly in-
fluencing time, cost and function points. Hence, with in-
creased variations in scope creep from estimation to imple-
mentation consequently increases the variations in other
aforementioned resources. From the above observations, it is
evident that scope is one of the highly modulating factors in
the project management to realize high quality software and
hence managing scope creep is deemed to be one of the vital
challenges in project management process.

Thus, with effective scope creep management, it is quite prom-
ising to increase the quality of software in terms of develop-
ment within estimated resource constrains. It certainly aims
towards increase in productivity due to reduction in rework or
overhead cost and time. This research therefore directs one to
effectively manage the project with effective estimation and
assignment of resources based on scope creep as the most sig-
nificant modulating factor for the effective project manage-
ment process. The aforementioned investigation results are
applicable to the projects which fall under the framework of
the established hypothesis as explained in section II and sec-
tion III of this work. Hence, the above inferences may have
skew results with variations in the hypothesis. Our forthcom-
ing work explores the sensitivity analysis of scope creep on
individual factors influencing the project success.

However, the impact of scope creep with the number of de-
veloping personnel in the project is yet to be explored as a
future study.

5 CONCLUSIONS

Developing high quality software products has become one of
the rudimentary needs of the day in software industry. Gener-
ation of high quality software is influenced by several factors
which includes scope creep, time, cost, developing personnel,
their experience level etc. In order to comprehend the scope
creep on various factors of project success, this research aimed
at investigating several projects developed at various software
industries. This paper throws light on some of the factors in-
fluencing the project quality and their impact in realization of
success level of the project in terms of scope creep. This
knowledge leads towards framing strategies resulting in en-
hanced productivity, quality and improved business perfor-
mance which ensures total customer satisfaction.
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