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Abstract 

The aim of this paper is to present new statistical techniques 
–namely, the stepwise multiple regression analysis 
techniques and Durbin Watson techniques to reduce 
software maintenance risks in a software projects. However, 
these statistical measures would be performed using 
stepwise multiple regression analysis and Durbin Watson 
statistic techniques to compare the risk management 
techniques to each of the  software  maintenance risk factors 
to identify  if they are effective in reducing the occurrence of 
each software maintenance risk factor and selecting the best 
model. Also ten top software maintenance risk factors were 
mitigated by using risk management techniques in Table 24. 
The study has been conducted on a group of software project 
managers. The success of software project risk management 
will greatly improve the probability of software project 
success. 
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Introduction 

Despite current risk management approaches can be 
useful in identifying and prioritizing risks, as well as 
in suggesting mitigation strategies, none of them 
addresses the fundamental problem behind software 
project failure (Yassin 2010).  Software projects are 
normally associated with risks.  So today, one must 
think risk is a part of software project lifecycle and is 
important for a software project survival (Pandian 

2007). Commonly, Software Development Life Cycle 
(SDLC) is a process  of creating information system 
which always exposes to risk or  software system fail 
to deliver on time and within budget (Dash and Dash 
2010). However, it includes phases as, as Planning, 
analysis, design, implementation, and maintenance. In 
addition, we focus on maintenance phase: It includes 
any future updates or expansion of the system (Hoffer, 
George, and Valacich 2011).  This paper incorporates 
between risk management approach and software 
development life cycle to mitigate software failure. 
According to (Yassin 2010), identifying  the risks  that 
facing software projects and reasons behind their 
failure  has haunted project managers, software 
industry consultants and academician for a long time. 
Therefore, management is still unable to effectively 
manage the risks involved in these software projects. 
According to (Ngai and Wat, 2005), there are many 
methods of  risk  analysis currently in use to evaluate 
and estimate risk but highlighted is important to have 
accurate techniques to reduce risks. Historically, the 
risk is defined as the possibility that the actual input 
variables and the results may vary from those 
originally estimated either positive or negative 
(Kamaruddin 2006). Risk management is to identify 
risky situations and develop strategies to mitigate the 
likelihood of occurrence and the negative effect of 
risky events (Fan, Lin, and Sheu 2008). Risk 
management is a practice of risk controlling and 
practice which consists of processes, methods, and 
tools for managing risks in a software project before 
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they become problems (Sodhi and Sodhi 2001). 

The main goal of this paper is to propose a risk 
management model based on quantitative to mitigate 
software maintenance risks in software project 
management. Thus the objective is: To identify 
software maintenance risk factors and risk 
management techniques of software projects in the 
software development organizations according to the 
literature review, to rank the software risk factors and 
risk management techniques according to their 
importance, severity and occurrence frequency, to 
identify the activities performed by software project 
managers to manage the software maintenance project 
risks which are identified by using stepwise  
regression analysis  modelling .  

Literature Review 

Previous studies  have  shown that risk mitigation in 
software project can be classified by 3 categories such 
as qualitative, quantitative, and mining approaches. 
Similar study was also conducted by (Khanfar, 
Elzamly et al., 2008), they used fourteen risk factors 
and eighteen control factors in software companies 
among managers in Jordan. However, this study used 
small scale of data. We also used new techniques the 
regression test and effect size test proposed to manage 
the risks in a software project and reducing risk with 
software process improvement (Elzamly and Hussin 
2011b). According to (Addison and Vallabh 2002), 
focused on experienced project manager’s perceptions 
of software project risks and control.  The effectiveness 
of various controls to reduce the occurrence of risk 
factors was also identified. In addition (Elzamly and 
Hussin 2011a), they  improved quality of software 
projects of the participating companies while 
estimating the quality–affecting risks in IT software 
projects. The results showed that there were 40 
common risks in software projects of IT companies in 
Palestine. The amount of technical and non-technical 
difficulties was very large. Melo and Sanchez (De 
Melo and Sanchez 2008) presented a knowledge-based 
representation for maintenance project delays based 
on specialists experience and a corresponding tool to 
help in managing software maintenance projects. 
Finally, risk management methodology that  has five 
phases: Risk identification (planning, identification, 
prioritization), risk analysis (risk analysis, risk 
evaluation), risk treatment, risk controlling, risk 
communication and documentation which relied on 
three categories techniques as risk qualitative analysis, 
risk quantitative analysis and risk mining analysis 

throughout the life of a software project to meet the 
goals. 

Top 10 Software Maintenance Risk Factors: 

We displayed the top software maintenance risk 
factors that was most common used by researchers 
when studying the software risk in software projects 
in Table 1. However, the list consists of the 10 most 
serious risks to a project ranked from one to ten, each 
risk's status, and the plan for addressing each risk. 
These factors need to be addressed and thereafter need 
to be controlled. In this section the top software risk 
associated with maintenance phase is discussed. These 
software maintenance project risks are: 

Risk 01: Inadequate knowledge/skills. 

Lack of training and knowledge, and skills among 
service provider personnel is another common cause 
of failure of service management initiatives, which  is  
reported by (Aritua, Smith, and Bower 2011; Jones 
2008; Rudd 2010). Here the concern is about the  " level 
of expertise and experience together with the 
appropriate application domain knowledge" of the 
software project team (Aloini, Dulmin, and Mininno 
2007). On the other hand, it is necessary to form a skill-
balanced project team having both internal and 
external experts, managerial, inadequate business 
knowledge (Jalote 2002). Therefore, skills and 
knowledge are important to build software project life 
cycle and estimate software risk factors according to 
suitable techniques and tools (Addison and Vallabh 
2002; Addison 2003; Aritua et al. 2011; Cliff Mitchell 
2011; Keil, Tiwana, and Bush 2002; Schmidt et al. 2001; 
Sumner 2000; Taimour 2005).  

Risk 02: Inadequate change management. 

Change management is  defined as the effort to 
manage people through the emotional ups and down 
that inevitably occur when an organization is 
undergoing massive change “ (Lau 2005), or managing 
all the change requests of a software project (Hayat et 
al. 2010). Once a change request is received, it should 
be processed through a complete change management 
process (Aloini et al. 2007; Keil et al. 2002; Nakatsu 
and Iacovou 2009; Schmidt et al. 2001; Sumner 2000). 
However there is an inadequate change management 
context either external or internal environmental 
forces reported by (Muller, Bezuidenhout, and Jooste 
2006). Thus, it leads to unauthorized risk, unplanned 
in software project, and insignificant software project 
delay. 

  35 



www.sjmmf.org                                                                           Journal of Modern Mathematics Frontier Volume 3 Issue 2, June 2014 

Risk 03: Corporate politics with negative effect on 
software project. 

According to Aritua et al. 2011; Han and Huang 2007; 
Pandian 2007; Wallace and Keil 2004 reported the 
corporate politics with negative effect would be a 
delay/failure on software project. Hence, it is essential 
that IT organization has the full support of top 
management to develop and has a policy in place and 
will not tolerate  with any in fraction (Wallace and 
Webber 2006).  

Risk 04: Lack of resources and reference facilities.  

They referred to insufficient and reference facilities 
which was another risk in maintenance phase (Aritua 
et al. 2011; Han and Huang 2007; Pandian 2007), they 
detailed it by stating that lack of resources such as 
people, money, time, hardware, software, and other. 
Both issues that occurred in institutions would  greatly 
affect the software project processes (CHAOS 1995; 
Sarigiannidis and Chatzoglou 2011; Sudhakar 2010). 

Risk 05: Lack of top management commitment and 
support and involvement. 

According to (Kerzner 2009), top management support 
is an absolute necessity for dealing effectively with 
software and commitment. Therefore, the main crucial 
factor is top management commitment and failure in 
many places which are due to lack of top management  
involvement reported  by (Addison 2003; Aloini et al. 
2007; CHAOS 1995; Keil et al. 2002; Nakatsu and 
Iacovou 2009; Payne 2005; Schmidt et al. 2001; Sumner 
2000). They agree that lack of top management 
involvement is further barrier to software project 

success. 

Risk 06: Shortfalls in externally furnished components, 
commercial off-the-shelf (COTS). 

External components can be major sources of risk in 
maintenance phase as reported by (Galorath and 
Evans 2006; Selby 2007), which becomes furnished 
component probable not match incompatible or poor 
in performance to a new application. To make this get 
worst, when the poor quality is delivered externally 
(Boehm 2001; Ropponen and Lyytinen 2000).  

Risk 07: Legacy software project. 

Boehm's top 10 (2002) and Wong & Tein, 2007 referred 
this as a legacy  of software project (Wong and Tein 
2004), which still exists in an organization, a legacy 
system is an old method, technology, computer system, 
and other. As an example of this issue is historic data 
which may not have been converted into the new 
system format or may exist only in a data warehouse. 
As a consequence, this will lead to lack of being 
reusable such as source code, interface methods, 
database structures, and data mining structures. 

Risk 08: Acquisition and contracting process 
mismatches. 

According to (Boehm 2007), risk items such as 
acquisition and contracting process mismatches are 
among the higher risk which is software maintenance. 
This is because contracting processes  is more complex 
multidimensional (Wasser 2011). And risks that are 
associated with the program contract are classified 
according to contract type, restrictions, and 
dependencies (Kendall et al. 2007).  

TABLE 1 ILLUSTRATE TOP TEN SOFTWARE MAINTENANCE RISK FACTORS IN SOFTWARE PROJECT LIFECYCLE BASED ON RESEARCHERS. 

Phase No Software risk factors Frequency 

M
ai

nt
en

an
ce

 

1 
Inadequate knowledge/skills (Addison and Vallabh 2002; Addison 2003; Aloini et al. 2007; Aritua et al. 2011; 

Cliff Mitchell 2011; Keil et al. 2002; Lyons and Skitmore 2004; Schmidt et al. 2001; Sumner 2000),  all remaining 
for  Schmidt in various cases. 

11 

2 
Inadequate change management (Aloini et al. 2007; Keil et al. 2002; Lyons and Skitmore 2004; Nakatsu and 

Iacovou 2009; Schmidt et al. 2001; Sumner 2000) 
6 

3 
Corporate politics with negative effect on software  project (Addison 2003; Aritua et al. 2011; Chen and Weng 

2009; Han and Huang 2007; Schmidt et al. 2001) 
5 

4 
Lack of resources and reference facilities (Aritua et al. 2011; CHAOS 1995; Han and Huang 2007; Lyons and 

Skitmore 2004) 
4 

5 
Lack of top management commitment and support and involvement (Aloini et al. 2007; Keil et al. 2002; 

Schmidt et al. 2001; Sumner 2000). 
4 

6 Shortfalls in externally furnished components, COTS (Boehm 1991, 2002b, 2007) 3 
7 Legacy software project (Boehm 2002a) 1 
8 Acquisition and contracting process mismatches (Boehm 2007) 1 
9 User documentation missing or incomplete (Chen and Huang 2009) 1 

10 Harmful competitive actions (Khanfar et al. 2008). 1 
Total frequency 37 
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Risk 09: User documentation missing or incomplete. 

Inconsistent or incomplete documentation is a major 
cause of errors in software development and 
maintenance as reported by (Binder 1999; Chen and 
Huang 2009; Elzamly and Hussin 2011a), which will 
lead to low quality factor deliverables. 

Risk 10: Harmful competitive actions. 

Boehm and Miler referred to harmful competitive 
action as one of the software risks (Boehm 1991; 
Elzamly and Hussin 2011b; Miler 2005; Selby 2007), 
which related to final product maintaining the 
characteristic competitiveness with the rivals (Kandt 
2003). Good communications between software team 
and customers will enable them to understand the 
competitive, and strategic options for software 
systems (Fairley 2009). However, we display the top 
ten software risk factors in software development 
lifecycle that are commonly in previous studies.  

Risk Management Techniques 

Through reading the existing literature on software 
risk management, we listed thirty control factors that  
were  considered important in reducing the software 
risk factors identified; these controls were : 

C1: Using of requirements scrubbing, C2: Stabilizing 
requirements and specifications as early as possible, 
C3: Assessing cost and scheduling the impact of each 
change to requirements and specifications, C4: 
Develop prototyping and have the requirements 
reviewed by the client, C5: Developing and adhering a 
software project plan, C6: Implementing and following 
a communication plan, C7: Developing contingency 
plans to cope with staffing problems, C8: Assigning 
responsibilities to team members and rotate jobs, C9: 
Have team-building sessions, C10: Reviewing and 
communicating progress to date and setting objectives 
for the next phase, C11: Dividing the software project 
into controllable portions, C12: Reusable source code 
and interface methods, C13:Reusable test plans and 
test cases, C14: Reusable database and data mining 
structures, C15: Reusable user documents early, C16: 
Implementing/Utilizing automated version control 
tools, C17: Implement/ utilize benchmarking and tools 
of technical analysis, C18: Creating and analyzing 
process by simulation and modeling, C19: Provide 
scenarios methods and using of the reference checking, 
C20: Involving management during the entire 
software project lifecycle, C21:Including formal and 
periodic risk assessment, C22:Utilizing change control 

board and exercise quality change control practices, 
C23: Educating users on the impact of changes during 
the software project, C24: Ensuring  that quality-factor 
deliverables and  task analysis, C25: Avoiding having 
too many new functions on software projects, C26: 
Incremental development(deferring changes to later 
increments), C27: Combining internal evaluations by 
external reviews, C28: Maintain proper documentation 
of each individual's work, C29: Provide training in the 
new technology and organize domain knowledge 
training, C30: Participating users during the entire 
software project lifecycle. 

Empirical Strategy 

Data collection was achieved through the use of a 
structured questionnaire and historical data for 
assisting in estimating the quality of software through 
identify software maintenance risks that were 
common to the majority of software projects in the 
analyzed software companies.  Top ten software 
maintenance risks and the best thirty control factors 
were presented to respondents. The method of sample 
selection referred to as ‘snowball’ and distribution 
personal regular sampling was used. This procedure 
was appropriate when members of homogeneous 
groups (such as software project managers, IT 
managers) are difficult to locate. The 76 software 
project managers have participated in this study. All 
questions in software maintenance risk factors were 
measured on a seven–point Likert scale from 
unimportant to extremely important and software 
control factors were measured on a seven–point Likert 
scale from never to always. However to describe 
“software Development Company in Palestine” that 
have in-house development software and supplier of 
software for local or international market. In this 
paper, we used correlation analysis, regression 
analysis models based on stepwise selection method 
and Durbin–Watson Statistic.  

Stepwise Regression Analysis Model (adds 
and removes variables): 

According to (Lan and Guo 2008), the SMRA method 
is a stepwise optimization process of the  multiple 
regression analysis method. Therefore (Jin and Xu 
2012), it is particularly useful when we need to predict 
a set of dependent variables from a (very) large set of 
independent variables.  

Importance of Software Maintenance Risks: 

All respondents indicate that the risk of “Harmful 
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competitive actions”  is  the highest risk factors and 
important. In fact, all software maintenance risk 
factors are important. 

TABLE 2 MEAN SCORE FOR EACH SOFTWARE MAINTENANCE RISKS 

% Std. Deviation Mean Risk 
78.947 0.781 3.947 R10 
76.842 0.731 3.842 R9 
76.316 0.761 3.816 R5 
74.737 0.822 3.737 R8 
74.211 0.78 3.711 R6 
74.211 0.708 3.711 R1 
73.947 0.8 3.697 R4 
73.421 0.839 3.671 R2 
73.158 0.758 3.658 R3 
72.895 0.778 3.645 R7 
74.868 0.567 3.743 Total 

Frequency of Occurrence of Risk Management 
Techniques 

Table 3 shows the mean and the standard deviation 
for each risk management technique factor. The results 
of this paper show that most of the risk management 
techniques are used most of the time and often. 

TABLE 3 THE MEAN SCORE FOR EACH CONTROL FACTOR 

% Std. Deviation Mean Control 
88.15789 0.803 4.408 C29 
87.36842 0.907 4.368 C30 
83.68421 0.668 4.184 C20 
83.42105 0.755 4.171 C27 
83.42105 0.7 4.171 C21 
83.15789 0.612 4.158 C19 
83.15789 0.767 4.158 C28 
82.63158 0.718 4.132 C25 
82.36842 0.653 4.118 C26 
82.10526 0.741 4.105 C23 

---- ----- ---- --- 
77.36842 0.754 3.868 C13 

Relationships between risks and Risk Management 
Techniques Variables 

Stepwise regression technique was performed on the 
data to identify whether there were significant 
relationships between risk management techniques 
and software maintenance risks. Relationships 
between software maintenance risks and risk 
management techniques, which were significant and 
insignificant, any risk management technique  was not 
significant; we  were  not reported according to the 
best model. 

R1: Risk of ‘Inadequate Knowledge/Skills’ Compared 
to 30 Controls. 

Table 4 and Table 5 show that the significant value is 
less than the assumed value at the α = 0.05, the control 

1 has an impact on the risk 1. In addition, the results 
show that control 1 has a positive impact value of 
0.297, and the value of R2 is 0.088.  This interprets as a 
percentage of 8.8 % from the dependent variable of 
risk 1. Also the Durbin–Watson statistic (D) is 2.162 
and (du=1.652, dL=1.598) based on K=1, N=76, at α=0.05; 
there is evidence of no autocorrelation because this 
rule (dU < D < 2+dL: No autocorrelation).  

TABLE 4 ILLUSTRATES AN ANALYSIS OF VARIANCE (ANOVAB) 

Model Sum of Squares df 
Mean 

Square 
F Sig. 

1 
Regression 3.317 1 3.317 

7.153 .009a Residual 34.315 74 .464 
Total 37.632 75  

a. Predictors: (Constant), c1                      b.  Dependent Variable: r1 

TABLE 5  ILLUSTRATES THE COEFFICIENTS AND DISTRIBUTED T (COEFFICIENTSA) 

Model Unstandardized 
Coefficients 

Standardized 
Coefficients T Sig. 

B Beta 
1 (Constant) 3.321  6.321 .000 

C1 .284 .297 2.675 .009 
a . Dependent Variable: r1 

R2: Risk of ‘Inadequate Change Management’ 
Compared to 30 Controls. 

TABLE 6 ILLUSTRATES AN ANALYSIS OF VARIANCE (ANOVAC) 

Model 
Sum of 
Squares 

df 
Mean 

Square 
F Sig. 

2 
Regression 15.610 2 7.805 13.731 

 
 

.000b Residual 41.495 73 .568 
Total 57.105 75  

b.  Predictors: (Constant), c20, c1               c . Dependent Variable: r2 

TABLE 7  ILLUSTRATES THE COEFFICIENTS AND DISTRIBUTED T 
(COEFFICIENTSA) 

Model Unstandardized 
Coefficients 

Standardized 
Coefficients T Sig. 

B Beta 
2 Constant .599  .768 .445 

C20 .452 .371 3.634 .001 
C1 .348 .296 2.894 .005 

Dependent Variable: R2 

Table 6 and Table 7 show that the significant value is 
less than the assumed value at the α = 0.05, the control 
1 and 20 have an impact on the risk 2. In addition, the 
results show that control 1 and 20 have a positive 
impact value of 0.377 and 0.436 respectively, also 
multiple correlation value is 0.523, and the value of R2 
is 0.273. This interprets as a percentage of 27.3 % from 
the dependent variable of risk 2. Also the Durbin–
Watson statistic (D) is 1.998 and (du=1.680, dL=1.571) 
based on K=2, N=76, at α=0.05; there is evidence of no 
autocorrelation (dU < D < 2+dL: No autocorrelation).  
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R3: Risk of ‘Corporate Politics with Negative Effect 
on Software Project’ Compared to 30 Controls. 

TABLE 8 ILLUSTRATES AN ANALYSIS OF VARIANCE (ANOVAF) 

Model 
Sum of 
Squares 

df 
Mean 

Square 
F Sig. 

5 
Regression 18.014 5 3.603 

8.580 .000e Residual 29.394 70 .420 
Total 47.408 75  

e .Predictors: (Constant), C1, C23, C22, C9, C7   f. Dependent 
Variable: R3 

TABLE 9 ILLUSTRATES THE COEFFICIENTS AND DISTRIBUTED 
T(COEFFICIENTSA) 

Model 
Unstandardized 

Coefficients 
Standardized 
Coefficients T Sig. 

B Beta 

5 

Constant 1.699  2.414 .018 
C1 .469 .437 3.965 .000 
C23 .436 .420 3.667 .000 
C22 -.358 -.365 -3.167 .002 
C9 .349 .407 3.251 .002 
C7 -.303 -.311 -2.238 .028 

a. Dependent Variable: R3 

Table 8 and Table 9 show that the significant value is 
less than the assumed value at the α = 0.05, the control 
1, 23, 9, and 7 have an impact on the risk 3. In addition, 
the results show that controls 1, 23, 9, and 7 have a 
positive impact value is 0.434, 0.333, 0.339 and 0.261 
respectively, also multiple correlation value is 0.616, 
and the value of R2 is 0.380. This interprets as a 
percentage of 38.0 % from the dependent variable of 
risk 3. Also the Durbin–Watson statistic (D) is 1.786 
and (du=1.770, dL=1.487) based on K=5, N=76, at 
α=0.05; there is evidence of no autocorrelation (dU < D 
< 2+dL: No autocorrelation).  

R4: Risk of ‘Lack of Resources, Research and 
Reference Facilities’ Compared to 30 Controls. 

TABLE 10 ILLUSTRATES AN ANALYSIS OF VARIANCE (ANOVAC) 

Model 
Sum of 
Squares 

df 
Mean 

Square 
F Sig. 

2 
Regression 28.613 2 14.307 

32.143 .000b Residual 32.492 73 .445 
Total 61.105 75  

b. Predictors: (Constant), C1, C23             c . Dependent Variable: R4 

TABLE.11  ILLUSTRATES THE COEFFICIENTS AND DISTRIBUTED T 
(COEFFICIENTSA) 

Model 
Unstandardized 

Coefficients 
Standardized 
Coefficients 

T Sig. 

B Beta   

2 
Constant -.529  -.805 .423 

C1 .606 .498 5.668 .000 
C23 .434 .368 4.188 .000 

a. Dependent Variable: R4 

Table 10 and Table 11 show that the significant value 

is less than the assumed value at the α = 0.05, the 
control 1 and 23 have an impact on the risk 4. In 
addition, the results show that control 1 and 23 have a 
positive impact value of 0.589 and 0.484 respectively, 
also multiple correlation value is 0.684, and the value 
of R2 is 0.468. This interprets as a percentage of 46.8% 
from the dependent variable of risk 4. Also the 
Durbin–Watson statistic (D) is 1.811 and (du=1.680, 
dL=1.571) based on K=2, N=76, at α=0.05; there is 
evidence of no autocorrelation (dU < D < 2+dL: No 
autocorrelation). 

R5: Risk of ‘Lack of Top Management Commitment 
and Support and Involvement’ Compared to 30 
Controls. 

TABLE 12 ILLUSTRATES AN ANALYSIS OF VARIANCE (ANOVAC) 

Model 
Sum of 
Squares 

df 
Mean 

Square 
F Sig. 

2 
Regression 14.497 2 7.248 

14.330 .000b Residual 36.924 73 .506 
Total 51.421 75  

b. Predictors: (Constant), C11, C3              c. Dependent Variable: R5 

TABLE 13 ILLUSTRATES THE COEFFICIENTS AND DISTRIBUTED T 

(COEFFICIENTSA) 

Model 
Unstandardized 

Coefficients 
Standardized 
Coefficients t Sig. 

B Beta 

2 
Constant 1.855  3.312 .001 

C11 .331 .345 3.079 .003 
C3 .262 .273 2.433 .017 

Dependent Variable: R5 

Table 12 and Table 13 show that the significant value 
is less than the assumed value at the α = 0.05, the 
control 3 and 11 have an impact on the risk 5. In 
addition, the results show that control 3, and 11 have a 
positive impact value of 0.434 and 0.473 respectively, 
also multiple correlation value is 0.531, and the value 
of R2 is 0.282.  This interprets as a percentage of 28.2% 
from the dependent variable of risk 5. Also the 
Durbin–Watson statistic (D) is 1.479 and (du=1.680, 
dL=1.571) based on K=2, N=76, at α=0.05; there is 
evidence of positive autocorrelation (0 < D < dL: 
Positive autocorrelation). 

R6: Risk of ‘Shortfalls In Externally Furnished 
Components, Commercially Available Off-The-
Shelf (Cots)’ Compared to 30 Controls. 

Table 14 and Table 15 show that the significant value 
is less than the assumed value at the α = 0.05, the 
control 2 and 12 have an impact on the risk 6. In 
addition, the results show that control 2and 12 have a 
positive impact value of 0.454 and 0.334 respectively, 
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also multiple correlation value is 0.499, and the value 
of R2 is 0.249.  This interprets as a percentage of 24.9 % 
from the dependent variable of risk 6. Also the 
Durbin–Watson statistic (D) is 1.699 and (du=1.680, 
dL=1.571) based on K=2, N=76, at α=0.05; there is 
evidence of no autocorrelation (dU < D < 2+dL: No 
autocorrelation). 

TABLE 14 ILLUSTRATES AN ANALYSIS OF VARIANCE (ANOVAC) 

Model 
Sum of 
Squares 

df 
Mean 

Square 
F Sig. 

2 
Regression 12.462 2 6.231 

12.104 .000b Residual 37.578 73 .515 
Total 50.039 75  

b.  Predictors: (Constant), C2, C12             c . Dependent Variable: R6 

TABLE 15 ILLUSTRATES THE COEFFICIENTS AND DISTRIBUTED T 

(COEFFICIENTSA) 

Model 
Unstandardized 

Coefficients 
Standardized 
Coefficients T Sig. 

B Beta 

2 
Constant 1.590  2.489 .015 

C2 .431 .389 3.654 .000 
C12 .195 .217 2.040 .045 

a.  Dependent Variable: R6 

R7: Risk of ‘Legacy Software Project’ Compared to 30 
Controls. 

TABLE 16 ILLUSTRATES AN ANALYSIS OF VARIANCE (ANOVAE) 

Model 
Sum of 
Squares 

df 
Mean 

Square 
F Sig. 

4 
Regression 21.586 4 5.396 

12.040 .000d Residual 31.822 71 .448 
Total 53.408 75  

d. Predictors: (Constant), C3, C12, C26, C14      e. Dependent 
Variable: R7 

TABLE 17 ILLUSTRATES THE COEFFICIENTS AND DISTRIBUTED T 
(COEFFICIENTSA) 

Model 
Unstandardized 

Coefficients 
Standardized 
Coefficients T Sig. 

B Beta 

4 

Constant .443  .588 .558 
C3 .398 .407 3.975 .000 
C12 .362 .390 3.879 .000 
C26 .345 .299 2.902 .005 
C14 -.272 -.229 -2.080 .041 

a. Dependent Variable: r7 

Table 16 and Table 17  show that the significant value 
is less than the assumed value at the α = 0.05, the 
control 3, 12, and 26 have an impact on the risk 7. In 
addition, the results show that control 3, 12, and 26 
have a positive impact value is 0.487, 0.360, and 0.351 
respectively, also multiple correlation value is 0.636, 
and the value of R2 is 0.404.  This interprets as a 
percentage of 40.4 % from the dependent variable of 
risk 7. Also the Durbin–Watson statistic (D) is 1.479 

and (du=1.739, dL=1.515) based on K=4, N=76, at α=0.05; 
there is evidence of positive autocorrelation (0 < D < 
dL: There is positive autocorrelation).  

R8: Risk of ‘Acquisition and Contracting Process 
Mismatches’ Compared to 30 Controls. 

TABLE 18 ILLUSTRATES AN ANALYSIS OF VARIANCE (ANOVAF) 

Model Sum of 
Squares df Mean 

Square F Sig. 

5 
Regression 25.013 3 8.338 

19.888 .000e Residual 30.184 72 .419 
Total 55.197 75  

e . Predictors: (Constant), C8, C12, C5      f . Dependent Variable: R8 

TABLE 19  ILLUSTRATES THE COEFFICIENTS AND DISTRIBUTED T 

(COEFFICIENTSA) 

Model 
Unstandardized 

Coefficients 
Standardized 
Coefficients T Sig. 

B Beta 

5 

Constant .146  .241 .810 
C8 .286 .304 2.924 .005 
C12 .289 .306 3.365 .001 
C5 .328 .307 3.055 .003 

a. Dependent Variable: R8 

Table 18 and Table 19 show that the significant value 
is less than the assumed value at the α = 0.05, the 
control 5, 8, and 12 have an impact on the risk 8. In 
addition, the results show that control 5, 8 and 12 have 
a positive impact value is 0.502, 0.544 and 0.437 
respectively, also multiple correlation value is 0.673, 
and the value of R2 is 0.453.  This interprets as a 
percentage of 45.3 % from the dependent variable of 
risk 8. Also the Durbin–Watson statistic (D) is 1.879 
and (du=1770, dL=1.487) based on K=5, N=76, at α=0.05; 
there is evidence of no autocorrelation (dU < D < 2+dL: 
No autocorrelation).  

R9: Risk of ‘User Documentation Missing or 
Incomplete’ Compared to 30 Controls. 

TABLE 20 ILLUSTRATES AN ANALYSIS OF VARIANCE (ANOVAD) 

Model Sum of 
Squares 

df Mean 
Square 

F Sig. 

3 
Regression 22.201 3 7.400 

20.570 .000c Residual 25.904 72 .360 
Total 48.105 75  

c. Predictors: (Constant), C8, C24, C1      d. Dependent Variable: R9 

TABLE 21  ILLUSTRATES THE COEFFICIENTS AND DISTRIBUTED T 

(COEFFICIENTSA) 

Model 
Unstandardized 

Coefficients 
Standardized 
Coefficients T Sig. 

B Beta 

3 

(Constant) .160  .256 .799 
C8 .343 .390 4.177 .000 

C24 .322 .269 2.820 .006 
C1 .266 .246 2.514 .014 

a.  Dependent Variable: R9 
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Table 20 and Table 21 show that the significant value 
is less than the assumed value at the α = 0.05, the 
controls 1, 8, and 24 have an impact on the risk 9. In 
addition, the results show that control 1, 8, and 24 
have a positive impact value of 0.489, 0.550 and 0.472 
respectively, also multiple correlation value is 0.679, 
and the value of R2 is 0.462.  This interprets as a 
percentage of 46.2% from the dependent variable of 
risk 9. Also the Durbin–Watson statistic (D) is 1.461 
and (du=1.709, dL=1.543) based on K=3, N=76, at α=0.05; 
there is evidence of positive autocorrelation (0 < D < 
dL: Positive autocorrelation).  

R10: Risk of ‘Harmful Competitive Actions’ Compared 
to 30 Controls. 

Table 22 and Table 23 show that the significant value 
is less than the assumed value at the α = 0.05, the 
controls 1 and 9 have an impact on the risk 10. In 
addition, the results show that control 1 and 9 have a 
positive impact value of 0.451 and 0.446 respectively, 
also multiple correlation value is 0.552, and the value 
of R2 is 0.305. This interprets as a percentage of 30.5 % 
from the dependent variable of risk 10. Also the 
Durbin–Watson statistic (D) is 2.261 and (du=1.739, 
dL=1.515) based on K=4, N=76, at α=0.05; there is 
evidence of no autocorrelation return to the rule (dU < 

D < 2+dL: No autocorrelation 

TABLE 22 ILLUSTRATES AN ANALYSIS OF VARIANCE (ANOVAE) 

Model 
Sum of 
Squares 

df 
Mean 

Square 
F Sig. 

4 
Regression 13.949 2 6.975 

15.990 .000d Residual 31.840 73 .436 
Total 45.789 75  

d. Predictors: (Constant), C1, C9             e.  Dependent Variable: R10 

TABLE 23 ILLUSTRATES THE COEFFICIENTS AND DISTRIBUTED T 

(COEFFICIENTSA) 

Model 
Unstandardized 

Coefficients 
Standardized 
Coefficients T Sig. 

B Beta 

4 
Constant 1.743  3.025 .003 

C1 .362 .343 3.333 .001 
C9 .283 .336 3.260 .002 

a. Dependent Variable: R10 

Software Maintenance Risk Factors Identification 
Checklists and Risk Management Techniques 

Table 24 shows the software maintenance risk factors 
identification checklist with risk management 
techniques based on a questionnaire of experienced 
software project managers using stepwise statistical 
techniques. This will help use software project 
managers to identify and mitigate software risk factors 
on the development of software projects. 

TABLE 24 SOFTWARE MAINTENANCE RISK FACTORS WERE MITIGATED BY RISK MANAGEMENT TECHNIQUES 

No Software maintenance Risk Factors Risk Management Techniques 

1 Inadequate knowledge/skills. C1: Using of requirements scrubbing. 

2 Inadequate change management. 
C1: Using of requirements scrubbing, C20: Involving management during the 
entire software project lifecycle. 

3 
Corporate politics with negative effect on software 
project.  

C1: Using of requirements scrubbing, C23: Educating users on the impact of 
changes during the software project, C22: Utilizing change control board and 
exercise quality change control practices, C9: Have team-building sessions, 
C7:Developing contingency plans to cope with staffing problems 

4 Lack of Resources and reference facilities. 
C1:Using of requirements scrubbing, C23: Educating users on the impact of 
changes during the software project 

5 
Lack of top management commitment and support 
and involvement. 

C11:Dividing the software project into controllable portions, C3: Assessing 
cost and scheduling the impact of each change to requirements and 
specifications. 

6 
Shortfalls in externally furnished components, 
Commercially available Off-The-Shelf (COTS). 

C2: Stabilizing requirements and specifications as early as possible, C12: 
Reusable source code and interface methods. 

7 Legacy Software project.  

C3: Assessing cost and scheduling the impact of each change to requirements 
and specifications, C12: Reusable source code and interface methods, C26: 
Incremental development(deferring changes to later increments), C14: 
Reusable database and data mining structures. 

8 Acquisition and contracting process mismatches. 
C8: Assigning responsibilities to team members and rotate jobs, C12: Reusable 
source code and interface methods, C5: Developing and adhering a software 
project plan. 

9 User documentation missing or incomplete. 
C8:Assigning responsibilities to team members and rotate jobs, C24: Ensuring  
that quality-factor deliverables and  task analysis, C1: Using of requirements 
scrubbing. 

10 Harmful competitive actions. C1:Using of requirements scrubbing, C9: Have team-building sessions. 
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Conclusions 

The concern of our paper is the mitigate risks of 
maintenance software projects. The results show that 
all risks in software projects are important in software 
project managers’ perspective, whereas all controls are 
used most of time, and often. These tests are 
performed using stepwise regression analysis and 
Durbin–Watson statistic to compare the risk 
management techniques to each of the software 
maintenance risk factors to identify if they are effective 
in reducing the occurrence of each software 
maintenance risk factor and selecting the best model. 
Hence, we refer to the risk management techniques 
which are mitigated on software maintenance risk 
factors in Table 24. This motivates the author to 
continue the effort to enrich the managing software 
project risks considering a quantitative approach with 
large data set.  

In addition, we cannot obtain historical data from 
database until using some techniques. As future work, 
we will intend to apply these study results on a real-
world software project to verify the effectiveness of 
the new techniques and approach on a software 
project. We can use more techniques useful to mitigate 
software project risks such as neural network, genetic 
algorithm, and Bayesian statistics and hybrid model.  
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