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ABSTRACT 
 

Context: Software development work undertaken by virtual teams dispersed across time, space, and 
organizational boundaries is referred as Global Software Development (GSD) with emphasis on “globalization”.  
In GSD, teams within same organization (off-shore) or different organizations (outsource) from multiple 
geographic locations are involved. GSD is becoming norm and more software projects are undertaken in GSD 
setting due to the benefits associated with it. However, there remain many challenges that can adversely affect 
the ability to realize those benefits. One of the challenges is to overcome the problems faced during integration 
of the functional components developed by different teams at different geographic locations. Incompatibilities 
and hidden issues surface during integration which is costly to fix at this stage and can lead to delay, lower 
product quality or even failure of a GSD project.  

Objectives: The study investigates integration problems that occurred due to different reasons in different 
phases of GSD, along with successful integration practices with their relative importance. The study produces a 
list of failure and success factors, prioritized by Delphi experts. Failure and success factors present an extensive 
knowledge of integration problems and practical solutions. In addition, their relative importance highlights the 
severity and importance of each failure and success factor. 

Methods: In this study, failure and success factors are collected from both literature and Delphi experts. An 
extensive literature review was conducted on five prominent databases which include Compendex / Inspec (Ei 
Village 2), IEEE Xplore, ACM Digital Library, Springer Link and Science Direct. Moreover, Delphi survey was 
performed to gather more relevant factors from industry through Delphi experts. After having factors from both 
sources (literature and Delphi experts), separate consolidated lists of failure and success factors were prepared 
and prioritized by industry expert using Delphi survey. Furthermore, by applying Kendall’s coefficient of 
concordance, authors calculated significance level of agreement between Delphi experts and assigned final 
ranks.  

Results: The study provides final prioritized list of 11 failures and 14 success factors. The study also presents 
analysis of both type of factors in terms of their empirical evidence and uniqueness. The study extracted 79 
failure factors and 26 success factors from literature while industry experts through Delphi survey provided 49 
failure and 36 success factors. Duplicate factors were identified and separate consolidated lists were prepared 
that contain 47 failure and 36 success factors. 

Conclusions:  According to this study investigation, existences of integration problems in GSD projects are 
unique, thus it is not easy to formulate a general solution. This study provide list of integration problems along 
with practical solutions with their relative importance not only help to understand integration issues and 
solution, but provide a platform to develop a solid strategy at early stage of GSD. On the other hand, the existed 
literature related to integration problem in GSD is very limited in number and scope of integration problem 
investigation. This study highlighted 47 and 36 integration failure and success factors through literature review 
and Delphi survey in which 23% of failure and 42% of success factors are not existed in current studies.  

. 

Keywords: Global Software Development, Failure Factors, 
Success Factors, Integration  
 

 

 

 



iv 
 

CONTENTS 
 

ABSTRACT ....................................................................................................................................................... III 

CONTENTS ........................................................................................................................................................ IV 

LIST OF FIGURES .........................................................................................................................................VIII 

LIST OF TABLES .............................................................................................................................................. IX 

1 INTRODUCTION ....................................................................................................................................... 1 

1.1 BACKGROUND........................................................................................................................................ 1 
1.2 PROBLEM DEFINITION ............................................................................................................................ 2 
1.3 TERMINOLOGY ....................................................................................................................................... 4 
1.4 RELATED WORK .................................................................................................................................... 5 
1.5 RESEARCH OVERVIEW ............................................................................................................................ 7 
1.6 AIM AND OBJECTIVES ............................................................................................................................. 8 
1.7 RESEARCH QUESTIONS .......................................................................................................................... 8 

2 RESEARCH DESIGN ................................................................................................................................. 9 

2.1 OVERVIEW OF METHODOLOGY .............................................................................................................. 9 
2.1.1 Phase-1 ............................................................................................................................................. 9 
2.1.2 Phase-2 ............................................................................................................................................. 9 

2.2 LITERATURE REVIEW ........................................................................................................................... 10 
2.2.1 Literature Review Plan ................................................................................................................... 11 
2.2.2 Conducting Literature Review ........................................................................................................ 11 
2.2.3 Data Extraction Strategy ................................................................................................................ 12 

2.3 RATIONALE BEHIND DELPHI METHODOLOGY ....................................................................................... 13 
2.4 DELPHI SURVEY ................................................................................................................................... 14 

2.4.1 Experts Selecting Procedure (Research Sample) ............................................................................ 15 
2.4.2 Mechanism for Administering the Delphi Questionnaires .............................................................. 16 
2.4.3 Delphi round1: Brainstorming ....................................................................................................... 17 
2.4.4 Delphi round2: Validation of Consolidated (Failure and Success) Factors Lists .......................... 18 
2.4.5 Delphi Round3:  Narrowing Down Failure and Success Factors Lists .......................................... 19 
2.4.6 Delphi Round4: Ranking Relevant Failure and Success Factors ................................................... 19 

2.5 COMPARISON OF LITERATURE AND DELPHI SURVEY RESULTS ............................................................ 23 

3 LITERATURE REVIEW AND DELPHI ROUNDS RESULTS AND ANALYSIS ............................ 25 

3.1 NUMBER OF STUDIES AND DATABASES SEARCHED ............................................................................. 25 
3.2 TYPE AND NUMBER OF SELECTED STUDIES ......................................................................................... 26 
3.3 STUDIES ANALYSIS ON BASIS OF INTEGRATION AS MAIN/SECOND/FRACTIONALLY DISCUSSED ......... 26 
3.4 RESEARCH METHODS AND SUBJECTS OF INVESTIGATION .................................................................... 27 
3.5 OVER ALL FAILURE AND SUCCESS FACTORS FROM LITERATURE AND DELPHI EXPERTS ..................... 27 
3.6 EXPERTS PROFILE ................................................................................................................................ 28 
3.7 RESULTS DELPHI ROUND1: BRAINSTORMING ...................................................................................... 28 

3.7.1 Analyzing the Responses from the First Questionnaire .................................................................. 28 
3.7.2 Analysis Result of Failure Factors ................................................................................................. 29 
3.7.3 Analysis Result of Success Factor ................................................................................................... 33 

3.8 RESULT OF DELPHI ROUND2: VALIDATION OF CONSOLIDATED FACTORS LISTS .................................. 35 
3.9 RESULT OF DELPHI ROUND3: NARROWING DOWN FAILURE AND SUCCESS FACTORS LISTS ................ 35 

3.9.1 List of Important Failure Factors ................................................................................................... 35 
3.9.2 List of Important Success Factors................................................................................................... 36 

3.10 RESULT OF DELPHI ROUND4: RANKING RELEVANT FAILURE AND SUCCESS FACTORS ........................ 36 
3.10.1 Prioritized Lists of Failure Factors ................................................................................................ 36 
3.10.2 Prioritized List of Success Factors ................................................................................................. 37 
3.10.3 Analyzing the Responses from the Fourth Questionnaire ............................................................... 37 

3.11 APPLYING KENDALL’S COEFFICIENT OF CONCORDANCE ON THE RESULTS ......................................... 39 
3.12 RESULT OF DELPHI ROUND5: RE-RANKING RELEVANT FAILURE AND SUCCESS FACTORS .................. 41 

3.12.1 Re-Prioritized Lists of Failure Factor ............................................................................................ 41 



v 
 

3.12.2 Re-Prioritized Lists of Success Factor ............................................................................................ 41 
3.12.3 Analyzing the Responses from the Fifth Questionnaire .................................................................. 42 
3.12.4 Exclusive Rank Assigned By the Number of Authors to Each Failure Factor in Round 5 .............. 42 
3.12.5 Exclusive Rank Assigned By the Number of Authors to Each Success Factor in Round 5 ............. 42 

3.13 APPLYING KENDALL’S COEFFICIENT OF CONCORDANCE ON THE RESULTS ......................................... 43 
3.13.1 Analysis of Mean Rankings of Failure Factors Delphi Round4 And 5 ........................................... 45 
3.13.2 Analysis of mean rankings of success factors Delphi round 4 and 5 .............................................. 45 

3.14 FINAL RANKS OF FAILURE AND SUCCESS FACTORS ............................................................................. 47 
3.14.1 Final Rankings (Prioritized List) Of Failure Factors ..................................................................... 47 
3.14.2 Final Rankings (Prioritized List) Of Success Factors .................................................................... 47 

4 FAILURE AND SUCCESS FACTORS ................................................................................................... 49 

4.1 RESEARCH SUMMARY OF FINALLY PRIORITIZED AND RANKED FAILURE FACTORS ............................. 49 
4.1.1 Factor 1: Poorly Communicated Module Objectives/Requirements .............................................. 49 
4.1.2 Factor 2: Lack of Coordination between Remote Teams ................................................................ 49 
4.1.3 Factor 3: Inadequate Understanding of Requirements and Interface Issues.................................. 50 
4.1.4 Factor 4: Lack of Informal and External Communication ............................................................. 52 
4.1.5 Factor 5: Different Processes, Techniques and Standards at Remote Location ............................. 53 
4.1.6 Factor 6: Communication gap between Teams at Different Sites due to Different Language ........ 54 
4.1.7 Factor 7: Rapidly Changing Requirements and Unexpected Technical Interdependencies ........... 55 
4.1.8 Factor 8: Long-Term Lack of Awareness Activities in Remote Site ................................................ 56 
4.1.9 Factor 9: Assigned Unclear Responsibilities, Missing Integration Strategy and Plan................... 57 
4.1.10 Factor 10: Lack of Detailed Specification Documentation for Global Teams ............................... 58 
4.1.11 Factor 11: Inadequate Selection of Engineering Process .............................................................. 58 

4.2 RESEARCH SUMMARY OF FINALLY PRIORITIZED AND RANKED SUCCESS FACTORS............................. 59 
4.2.1 Factor 1: Communication Plan ...................................................................................................... 59 
4.2.2 Factor 2: SRD Specified and Detailed Requirement Design Documentation ................................. 60 
4.2.3 Factor 3: Developer’s communication ........................................................................................... 60 
4.2.4 Factor 4: Right involvement and understanding of requirements analysis .................................... 61 
4.2.5 Factor 5: Choice of Right Process Model (Agile/Scrum Based)..................................................... 61 
4.2.6 Factor 6: Stepwise Integration with Early User Participation ....................................................... 62 
4.2.7 Factor 7: Planning and Executing Integration Activities at Early Stages of Development ............ 62 
4.2.8 Factor 8: Visual Conference on SRS .............................................................................................. 63 
4.2.9 Factor 9: Standardized Organizational Process Framework ......................................................... 63 
4.2.10 Factor 10: Quality Assurance Procedure and Plan ....................................................................... 64 
4.2.11 Factor 11: Incremental Integration and Regulars Deliveries ........................................................ 64 
4.2.12 Factor 12: Modularization of Work ................................................................................................ 65 
4.2.13 Factor 13: Frequent Review ........................................................................................................... 65 
4.2.14 Factor 14: Multi-Site Team Building and Cross Functional Teams ............................................... 66 

5 COMPARISON OF LITERATURE REVIEW AND DELPHI SURVEY RESULTS ........................ 67 

5.1 OVER ALL FAILURE AND SUCCESS FACTORS FROM LITERATURE AND DELPHI EXPERTS ..................... 67 
5.2 CONSOLIDATED FAILURE FACTORS LIST IN TERMS OF UNIQUENESS AND COMMONALITIES ............... 67 
5.3 CONSOLIDATED SUCCESS FACTORS LIST IN TERMS OF UNIQUENESS AND COMMONNESS ................... 68 
5.4 CONSOLIDATED FAILURE FACTORS WITH EMPIRICAL EVIDENCE AND FINAL RANKS .......................... 69 
5.5 CONSOLIDATED SUCCESS FACTORS WITH EMPIRICAL EVIDENCE AND FINAL RANKS .......................... 71 
5.6 CLASSIFICATIONS OF SELECTED STUDIES ............................................................................................ 73 
5.7 ANALYSIS OF FAILURE AND SUCCESS FACTORS PRIORITIZED LISTS ..................................................... 74 

6 DISCUSSION ............................................................................................................................................. 77 

6.1 VALIDITY THREATS ............................................................................................................................. 77 
6.1.1 A Valid (Ranking Type) Delphi Survey Selection ........................................................................... 77 
6.1.2 A Valid Selection of Delphi Experts ................................................................................................ 77 
6.1.3 Questionnaire Validity .................................................................................................................... 77 
6.1.4 Experts Validity .............................................................................................................................. 77 
6.1.5 Low Number of Delphi Experts ....................................................................................................... 78 
6.1.6 Missing Integration Failure and Success Factors from Literature ................................................. 78 
6.1.7 Validity of Statistical Method Procedure ........................................................................................ 78 

6.2 LESSON LEARNED ................................................................................................................................ 78 

7 CONCLUSION AND FUTURE WORK ................................................................................................. 80 



vi 
 

7.1 CONCLUSION ....................................................................................................................................... 80 
7.2 ANSWER TO THE RESEARCH QUESTIONS .............................................................................................. 81 
7.3 FUTURE WORK .................................................................................................................................... 82 

8 REFERENCES ........................................................................................................................................... 84 

9 APPENDIX ................................................................................................................................................. 89 

APPENDIX A: QUESTIONNAIRE 1 .............................................................................................................. 89 
APPENDIX B: QUESTIONNAIRE 2 .............................................................................................................. 94 
APPENDIX C: QUESTIONNAIRE 3 .............................................................................................................. 96 
APPENDIX D: QUESTIONNAIRE 4 .............................................................................................................. 98 
APPENDIX E: QUESTIONNAIRE 5: ........................................................................................................... 100 
APPENDIX F:  LIST OF FAILURE/SUCCESS FACTORS (BY DELPHI ROUND 1) ................................ 102 
APPENDIX G: CONSOLIDATED FAILURE AND SUCCESS FACTORS ................................................ 104 
APPENDIX H: PROBLEM STATEMENT FOR PROVIDEING DETAIL TO DELPHI EXPERTS. ........... 131 
PURPOSE OF RESEARCH .................................................................................................................................. 131 
DELPHI SURVEY .............................................................................................................................................. 131 
DELPHI ROUND 1 ............................................................................................................................................ 131 
DELPHI ROUND 2 ............................................................................................................................................ 131 
DELPHI ROUND 3 ............................................................................................................................................ 131 
DELPHI ROUND 4 ............................................................................................................................................ 131 
BENEFIT FOR YOUR COMPANY ......................................................................................................................... 132 
COMPANY PRIVACY ........................................................................................................................................ 132 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vii 
 

 

 

 

 

 

 

 

 

 

 

Dedicated to: 

 

The holiest person and the greatest scholar 

Abu-ul-Qasim Muhammad bin Abdullah 

Sal-Allah-o-Alih-e-Wa-Aalehee-Wa-Sallam 

(Peace be Upon Him) 

 

 

 

 

 

 

 

 



viii 
 

LIST OF FIGURES 
Figure 1Multi-layered Model for GSD (Adopted from [16])   ............................................................................ 1
Figure 2 Components Integration in GSD   .......................................................................................................... 2
Figure 3 Types of System Integration Strategies (Adopted from [30])   ............................................................ 3
Figure 4 Structure of Sequential Exploratory Strategy   .................................................................................... 9
Figure 5 Shows an Abstract View of Research Methodology   ......................................................................... 10
Figure 6 Abilities of Delphi Survey   ................................................................................................................... 14
Figure 7 Delphi Survey Administration Process (adapted from [53]).   ........................................................... 15
Figure 8 show the process of factor consolidation   ........................................................................................... 17
Figure 9 Searched Databases   ............................................................................................................................. 25
Figure 10 Distribution of Studies per Year   ...................................................................................................... 25
Figure 11 Types of Selected Studies in Terms of Empirical/Non-Empirical Evidence   ................................. 26
Figure 12 Studies Discussed Integration as Main Method or Secondary/Fraction   ....................................... 26
Figure 13 Research Methods Used in Selected Studies   ................................................................................... 27
Figure 14 Overall Failure and success Factors Provided by Literature   ........................................................ 28
Figure 15 Difference between Mean Ranking of Failure Factor of Round 4 and 5   ...................................... 45
Figure 16  Difference between Mean Ranks of Success Factor of Round 4 and 5   ........................................ 46
Figure 17 Overall Failure and success Factors Provided by Literature and Industry/Delphi Experts   ...... 67
Figure 18 Failure Factors in Terms of Uniqueness and Commonalities   ........................................................ 68
Figure 19 Success Factors in Terms of Uniqueness and Commonalities   ....................................................... 68
Figure 20 Failure Factors in Terms of Empirical/Non-Empirical Evidence   ................................................. 71
Figure 21 Success Factors in Terms of Empirical/Non-Empirical Evidence   ................................................. 73
Figure 22 Classification of Selected Studies   ..................................................................................................... 74
Figure 23 Analysis of Prioritized Failure Factor List   ...................................................................................... 75
Figure 24Analysis of Prioritized Success Factor List   ...................................................................................... 76
 

 

 

 

 

 

 

 

 

 

 

 

 

 



ix 
 

LIST OF TABLES 
Table 1 Terminology Used in This Thesis  ........................................................................................................... 4
Table 2 Summary of Related Work   .................................................................................................................... 6
Table 3 Template of Mockup File Used For Extracting Data from Selected Studies   ................................... 12
Table 4 Template Used for Profile of each Delphi Participants (n=11)   ......................................................... 16
Table 5 Template Used for Reporting Failure Factors   ................................................................................... 18
Table 6 Template Used for Reporting Success Factors   ................................................................................... 18
Table 7 Interpretation of Kendall’s W (adopted from [53])   ........................................................................... 22
Table 8 Profile of Delphi participants (n=11)   ................................................................................................... 28
Table 9 Consolidated Failure Factors list   ......................................................................................................... 29
Table 10 Consolidated Success Factors List   ..................................................................................................... 33
Table 11Important Failure Factors Selected by Delphi Experts   .................................................................... 35
Table 12 Important Success Factors Selected By Delphi Experts   .................................................................. 36
Table 13 Prioritized Lists of Failure Factors Shows Ranks Assigned by 11 Experts, independently   ......... 36
Table 14 Prioritized lists of Success Factors Shows Ranks Assigned by 11 Experts, independently   .......... 37
Table 15 Exclusive Rank Assigned by 11 Experts to Each Failure Factor   .................................................... 37
Table 16 Exclusive Rank Assigned by 11 Experts to Each Success Factor   ................................................... 38
Table 17 Interpretations of Kendall’s W (Adopted from [53])   ....................................................................... 40
Table 18 Re-prioritized Lists of Failure Factors   .............................................................................................. 41
Table 19 Re-prioritized List of Success Factors   ............................................................................................... 41
Table 20 Exclusive Rank Assigned to Each Failure Factor by 11 Experts   .................................................... 42
Table 21 Exclusive Rank Assigned to Each Success Factor by 11 Experts   ................................................... 42
Table 22 Interpretations of Kendall’s W (Adopted from [53])   ....................................................................... 44
Table 23 Difference between Mean Rankings of Failure Factors Calculated in Round 4 and 5   ................. 45
Table 24Difference of Mean Rank of Success Factors Calculated in Round 4 and 5   ................................... 45
Table 25 Stopping Criteria for Ranking Exercise   ........................................................................................... 47
Table 26 Final Ranks of Failure Factors   .......................................................................................................... 47
Table 27 Final Rankings of Success Factors  ..................................................................................................... 47
Table 28 Consolidated List of Failure Factor in Terms of Empirical Evidence With Final Ranks   ............ 69
Table 29 Consolidated Success Factor List in Terms of Empirical evidence with Final Ranks   .................. 71
 

 

 

 

 

 

 



1 
 

1 INTRODUCTION 

1.1 Background  

Global software development (GSD) is defined by Sahay et al. [1] as “software work undertaken at 
geographically separated locations across national boundaries in a coordinated fashion involving 
real time or asynchronous interaction”. Essentially, GSD is a type of software development that uses 
teams from multiple geographic locations [2] [ 3] . These teams can be within the same organization 
(offshore) or different organizations (outsource) [2] [3] [4]. Currently, more software projects are 
running in geographically distributed environment and global software development is becoming a 
norm in software industry [5] [6] [7] [8] [31]. There are several enablers and business drivers for the 
increasing trend of global software development [9] [10]. These include availability of a large pool of 
skilled labor [4] [9] [11] [13] [15], rich and talented knowledge pool [4] [ 9] [12] [14] [16] , improved 
time to market by utilizing round the clock development [7] [9] [12] [15] [16] [17], huge savings 
through low labor cost in developing countries [7] [9] [11] [14] [15] [16] [17] cross-site 
modularization of development work [15] [16], business advantages from proximity to customers [12] 
[15] [17] and to exhibit a global image [12] [15] . These incentives are further supported by a range of 
improvements initiated by GSD teams [18]. These include the encouragement of disciplined process 
to manage distance issues [18] and the incentive of innovation caused by the diversity of team 
member’s backgrounds [14] [15] [18]. Conversely, as with fruitful benefits, GSD produced number of 
crucial challenges [14]. Therefore, GSD captured the field of research that has been grown 
tremendously over the last decade [3] [9] [12] [17] [19] [20].  In this regard, several studies [9] [10] 
[14] [16] [19] [21] [22] [23] [44] [47] highlighted GSD challenges. In order to understand GSD 
challenges from different point of view, Tufekci et al. [16] presented multi-layer model shown in 
figure 1. 

 

Figure 1Multi-layered Model for GSD (Adopted from [16]) 
 

It is imperative to have good theories that will provide a sound basis for reasoning about tradeoffs 
and predicting outcomes. Furthermore, what practices are successful when and why [8]? an evidence 
of GSD related problems [24]. There is not much support at this point about when various GSD 
practices are effective, and when they are not. What are the early warning signs that an issue is 
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imminent? For instance, can communication patterns between the central and remote teams be used to 
predict future component integration problems? [25]. 

During the last two decades, software development activities have evolved from single site to 
geographically distributed across the globe [9] [66] but still GSD is in its developing stage [26]. 
Managing software development across boundaries is quite challenging [16]. Due to the different 
implementation scenarios in GSD, what works in one context might not be directly feasible to any 
other context [24]. Moreover there is not much direction available to achieve success from the 
suggested solutions for a certain situation [26].  A number of studies show that about 40 percent of 
off-shore software development projects have become failure. One of the reasons for this is a huge 
gap between expected and actual results is the lack of theoretical basics, course of actions and 
ignorance of the risks involved [27] [28]. 

1.2 Problem Definition 

A study by Ammerlaan et al. [29] describes that in more than 50% of the development projects 
over past five years, the system integration phase was seemed by the project as 'a problematic phase' 
or 'a phase that proceeded with severe difficulties'. System integration is often considered as a 
complex activity by project management [19] [29] [30]. Herbsleb et al. [30] considers integration as 
the most difficult part of a GSD project. He defines integration as “All the work that is necessary to 
assemble the product from its components”. According to Larsson et al. [32] integration is “The 
merger or combining two or more elements (e.g., components, parts, or configuration items) into a 
functioning and higher level element with the functional and physical interfaces satisfied”.  

International Software Testing Qualifications Board (ISTQB) [33] defines Integration as  

“It is the process of combining different components to form a subsystem or the integration of 
subsystems to a chain of systems, also known as system integration, chain integration or integration 
in the large”.  

 An example is to combine a DVD recorder with a television set or home entertainment system. 
Another  example is a mortgage registration system having interfaces to other systems physically 
located elsewhere [29]. 

GSD environment involves development of very large and complex system, in which components 
are assigned to different teams spread across geographical regions. Each team works on its own 
components with little interaction with other project teams. Therefore, no single group has a global 
view of how the whole system works [34].  

 
Figure 2 Components Integration in GSD 
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Different teams working on modules may have different assumptions about the functionality of the 
modules and about the interactions among them. Thus, at the time when these components are 
integrated into complete system, inconsistencies between module interfaces and behaviors may cause 
the system to fail even though each component may function correctly by itself [29] [34]. [78]. 

 
Since the designers do not have a complete understanding of how the entire system works, 

identifying the sources of errors during system integration is difficult. Even when the source of the 
error has been found, and is fixed, changes made in the module that causes the error may produce 
inconsistencies, new bugs and require further changes in the other modules as well [34]. [77]. 

 
Changes may be required by the changing conditions of the environment or by the change in the 

expectations of the users that force the system to adapt itself to different situations. Software users are 
seldom sure about what they want from their system. Often, they suggest changes to the system's 
specification after system development has been commenced.  These usually may also involve adding 
new functionalities and the removal of old ones to match the new requirements. Addition of new 
technologies or functionalities may occur at the design, implementation or maintenance stages of the 
development process. The integration problem also involves the integration of new technologies or 
functionalities. Software systems are dynamic objects which often require incremental changes during 
their 1ife span [34]. Adequate system testing is significantly endangered if the previous system 
integration test phase has been problematic or inadequate. There is need of  mechanism to gracefully 
introduce new technologies and functionalities that will not disturb overall consistency of the system 
[34]. System integration is indeed an area where adverse effects of GSD become visible. It is an 
explicit point of interface between multiple organizations, each having their own interests, priorities 
and maturity [29]. 

 
System integration is often not considered as a significant phase but as a formality. However, the 

choice of a well-defined integration strategy is crucial in overall development process, though often 
one does not realize this [29]. Figure 3 shows an overview of integration types [29]. A suitable 
integration strategy is not adequately considered through, or even ignored that causes various 
problems that can result in either a wrong planning of subsystem delivery, non-availability of test 
specifications when needed and delivery of wrong parts of the system final functionality. As a result 
projects tend to arrive at the so-called big-bang integration that mostly causes many problems. 
Moreover, with big-bang integration, it is much more difficult to identify and localize problem causes 
than any other type of integration. Clearly defining and documenting the chosen integration strategy 
provides much more insight of integration to everyone participating in system integration phase. 
However each integration type has its own advantages, disadvantages and prerequisites [29]. 

 
Figure 3 Types of System Integration Strategies (Adopted from [30]) 
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A study [35] describes that the  increasing trend of GSD with the combination of third-party 
components makes it even more critical than ever. As in this software engineers are require to 
understand, develop, and extend product family architectures that are dynamic and comprehensive 
enough to cover all these different elements, and organize them into a reliable architectural view. To 
achieve this, engineers will need to be familiar with integration techniques. So that they can use them 
effectively as building blocks to design architectures that can successfully manage the complexity 
induced by components designed and developed in parallel by diverse teams [35]. 

A study by Cataldo [36] after exploring many case studies concluded that often changes in 
interfaces and their incomplete design  leads to serious integration problems. Moreover even very 
simple interfaces between modules developed by remote teams produce coordination breakdown and 
that cause integration problems. Interfaces between software modules might differ regarding 
complexity and often it is not possible to specify those interfaces at the necessary level of detail that 
increases the chance of future changes to them. This lack of consistency remains a constant challenge 
for software development organizations.    

Addressing integration problems late in the development has proven challenging, costly and error-
prone for complex distributed systems [37]. Though Agile practices are not much applied to address 
integration problems but a number of studies [38] [39] [40] [41] identified and proposed agile 
practices for addressing specific integration problems including frequent deliveries, continuous build, 
frequent reviews and incremental integration strategy to deal with cross-site integration.  

An overview of GSD project case studies shows that the observed results can vary from incredible 
successes to total failures [24]. Existence of unique factors that differentiate GSD environment 
increases the complexity of software development processes and brings challenges in achieving 
project success [42]. In addition, according to Conway’s law, “the structure of the system mirrors the 
structure of the organization that designed it” [30] [43]. Various studies tried to highlight integration 
problems that have occurred during GSD projects, and their results show all problems are unique with 
their projects. Therefore to develop a suitable solution first there is need to investigate as many as 
possible factors that can cause integration problems. One of the studies [22] presented a prediction 
model to predict that integration process will fail or not through the communication structure of 
remote teams  in IBM Jazz Project. Whereas, integration problems can occur due to many reasons not 
only due to unstructured communication and during development process but due to many reasons 
and may initiate at any stage of project development [7] [30] [45] [46] [48].  

Therefore this study proposed that, to overcome integration problems overall in GSD, there is 
need to investigate as many as possible integration issues along with successful integration practices 
with their relative importance. As failure and success factors can be useful to provide an extensive 
knowledge of integration problems and practical solutions, respectively. In this way more hidden 
failure factors can be explored. In addition, their relative importance can highlight the severity and 
importance of each failure and success factor. As a result, this study can provide a platform for further 
research to produce an effective strategy or plan in order to overcome integration problems. 

1.3 Terminology  

Table 1 Terminology Used in This Thesis 
Term/Abbreviations Definition 
GSD Global Software Development  
Authors Students responsible for writing this report (Atique Zafar and Sajad Ali) 
Integration All the work that is necessary to assemble the product from its components 
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Failure Factor The problems/issues that can lead a GSD project to delay, low product quality 
or even failure.  

Success Factor Best practices that can be used as guidelines for achieving success in GSD 
settings. 

Delphi experts Industrial experts having experience in integration of GSD projects and 
participated in five phases of Delphi Survey.  

Empirical Findings from such literature in which factors are identified through empirical 
evidence like case studies, interviews, experiment, industrial survey etc. and 
Delphi experts as these experts belong to GSD industries. 

Non-Empirical Findings of theoretical/conceptual reports 
IEEE Institute of Electrical and Electronics Engineering 
ACM Association for computing machinery 
Mockup file Data extraction form used to extract data from selected studies 

1.4 Related Work 

Practice shows that system integration is still getting surprisingly little attention [29]. This is 
notable as many organizations struggle with the subject as they experience delays, product quality 
issues and higher costs [29]. Much of the current research in the area of system integration has been 
confined to particular applications, therefore fails to give general solutions for a wider variety of 
integration problems. No significant research has addressed the nature of system integration in general 
even though many researchers are exploring localized issues [34]. There are few published studies to 
address system integration in GSD and often are case studies of one or few projects, surveys, or 
focused on some specific topic such as communication, coordination and control aspects [16]. While 
factors that hinder system integration mostly reported as a fraction of the studies.  One of the aims of 
this study is to identify the factors from both industry and academia that remain invisible during 
development phases and surface at the time of system integration. At that time it is very expansive to 
fix them. The factors that serve to either support or jeopardize integration process in the context of 
GSD need to be articulated and shared [19]. These factors coerce system integration to success or 
failure. It can be seen from related work that these factors were not extensively investigated before, 
from both industrial and academic point of view.   
 

Ammerlaan et al. [29] addressed the pitfalls of system integration and testing practices in industry 
from two scenarios, administrative and technical point of view. Consequences of integration pitfalls 
generally lead to project delays, lower product quality and an increase of costs. The study discussed 
system integration strategies, their characteristics and presented a basic phasing model for testing. The 
study concludes that like other project phase, system integration also requires a thorough risk analysis 
that reduces the possibility of problems during system integration [29]. 

Gotel et al. [19] collaboratively developed a student web-based application project and identified 
factor that serves to either support or risk integration process, so there is need to think, plan and share 
from day one or preferably earlier. The study discussed three types of technical integration activities 
planned for the student project which includes integration of the two core sides, integration of a third-
party supplied subcomponent and integration of future requirements [19]. The study consolidated their 
findings into a suggestion of high-level  dos and don’ts regarding integration planning and practice 
that has repercussions for academic and industry [19]. Although the study addressed few integration 
related issues and activities but its findings are based on one student project.  

Herbsleb [30] discussed coordination, prediction, communication and integration issues and 
discovered that breakdown of informal communication channels embroidered to coordination 
problems. The study results imply that multi-site development can gain benefits to some extent from 
stable plans, processes, and specifications. By establishing effective communication channel between 
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developers across sites, unpredictable aspects of projects can be handled [30]. The study found that 
due to unrealistic assumptions in integration plan, dependence on overall development plan, 
incomplete assumptions about interface and informal specifications refinement make integration of 
components a difficult task. Furthermore, different processes across sites, inconsistent design 
technology selection and process immaturity factors hinders system integration [30].  The study 
mainly discussed coordination and communication mechanisms and the results are based on one case 
study.   

Ramamoorthy [34] described that different assumptions about functionality of the modules 
developed by the designers and change in requirements regarding technology or functionality  are the 
basis of integration problems. The study also reviewed previous research efforts and discussed 
different types of integration. The result of previous research revealed that most of the current 
research in the area of system integration has been limited to particular applications and thus fails to 
give general solutions for a wider range of integration problems [34]. The study provides guidelines 
for integration and concludes that for efficient integration process, there is need to consider and 
facilitate integration activities at early stages [34]. The study was conducted in 1995 and one 
conclusion is that methodologies and tools for system integration and integration architectures were 
not well described in literature at that point in time. 

Wolf et al. [22] proposed a prediction model that uses measures of communication structure to 
predict integration build results [22]. The study affirms that communication between developers play 
a vital role in determining the quality of software integrations. To capture and study communication, 
social network measures were used. Authors of the study admit that no individual measure could 
specify whether a build will fail or succeed [22]. The study findings are based on one IBM Jazz 
project and discuss only one aspect of GSD i.e. communication between developers. The results of 
their study are only executed through one Jazz project and cannot be strongly generalized to any 
software development project.  

An experience report by Herbsleb et al. [49] of nine distributed projects at Siemens depicts 
benefits and challenges in distributed work, identified through interviews conducted at three different 
remote sites. In addition to the reported benefits, communication and collaboration across sites 
continued to be identified as a big problem, leading to reduced development pace. The interviewees 
clearly affirmed that face-to-face communication is the most important and fastest means of 
communication. Frustration began when the pace of interaction went down and that created hurdles in 
component integration.  

Table 2 Summary of Related Work 
Study Research 

Methodol
ogy 

Study Focus Publication 
Type  

Study outcome and Limitations 

Ammerlaan 
et al. [29] 

Multiple 
case 
studies 

Business and 
technical 

IEEE 
Conference  

The study presented a basic phasing 
model and  address pitfalls of system 
integration and testing practices in 
industry from administrative and 
technical point of view. It also 
discusses root cause and severity of 
the integration problems 

Gotel et al. 
[19] 

Student 
web 
project  

Integration IEEE 
Conference  

The students of three universities 
participated in one integration critical 
web project and the experience of 
that project provides an initial list of 
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integration dos and don’ts for 
educational and industrial settings. 

Herbsleb 
[30] 

Case 
study 

Coordination, 
communication, 
integration and 
prediction  

IEEE 
Conference  

The study was performed in one 
division of Lucent Technologies on 
one project with two sites i.e. UK 
and Germany. It discusses integration 
regarding coordination and 
communication and shed light on 
difficulties of coordination in 
distributed environment. Moreover it 
concludes that coordination problems 
greatly embroidered across sites, 
mainly because of the breakdown of 
informal communication channels. 

Ramamoort
hy 
[34] 

Conceptua
l analysis 

Integration IEEE 
Conference 

The study discussed few integration 
issues and provided details about 
types of integration and integration 
plan which includes preliminary, 
initial and final integration plan. The 
study was conducted 15 years ago 
and as GSD is evolving trend so in 
this context the findings of the study 
may not be validated in current 
distributed settings. 

Wolf et al. 
[22] 

Case 
Study 

Communication  Conference  The study was performed on data of 
IBM Jazz project. It discusses 
communication structures of 
development teams with high 
coordination needs and investigates it 
at the level of integration. Authors of 
the study presented a prediction 
model that predict either a build will 
fail or success. The results of the 
study based on only one project and 
communication structure, are only 
valid for the Jazz project and cannot 
be generalized to any software 
development project. 

Herbsleb 
[49] 

Interviews  Communication 
Coordination 

ACM 
Conference 

Study reported that communication 
and collaboration across sites 
continued to be identified as a big 
problem, leading to reduced 
development pace. Integration 
problems are discussed regarding 
only communication and 
coordination scenarios.  

 

1.5 Research overview 

The basic purpose of this study was to investigate particular issues/factors that occur due to 
different reasons and surface during integration process in GSD projects. Another purpose of this 
study was to highlight hidden integration failure and success factors that are still hidden from the 
practitioners. Moreover the study aimed to produce prioritized lists of failure and success factors to 
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highlight severity and significance of each particular factor. In this way this study has been able to 
provide a platform for further research to produce a solid strategy or plan in order to overcome 
integration problems. To achieve these goals this study was conducted in three steps. First it explore 
factors that can cause failure in integration of GSD project and the factors/practices that can make 
integration of GSD  project successful, from literature and Delphi experts. After that it consolidated 
all gathered factors into two unique failure and success factors lists. Finally, it prioritized all failure 
and success factors according to their severity and significance.  

1.6 Aim and objectives 

As discussed earlier in the research overview, the main aim of this study was to investigate as many as 
possible integration problems that occurred in different forms and phases in GSD projects along with 
successful integration practices with their relative importance. To achieve this aim study had 
following objectives: 

• Investigation of factors that cause problems and become visible during integration process in 
GSD projects.  

• Identification of factors that make integration process successful in GSD projects.  
• Development of prioritized failure and success factors lists by assigning relative ranks 

according to their severity and significance respectively.  
• Comparison of literature review and Delphi survey results to find out hidden failure and 

success factors and their significance in terms of Empirical/non-Empirical evidence. 

1.7 Research Questions 

To achieve all above aim and objectives this study designed and tried to answer the following 
questions: 

RQ 1: Which factors cause failure during integration of functional modules in global software 
development projects? 

RQ 2: Which factors characterize successful integration process in global software development 
projects? 

RQ 3: Which integration failure and success factors are most important to overcome integration issues 
for global software development projects? 

RQ 4: What are the differences and commonalities between integration (failure and success) factors in 
global software development projects, investigated trough literature and Delphi survey (Industry)? 

• To identify hidden integration failure and success factor 
• To identify relevance of each failure and success factor as empirical or non-empirical  
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2 RESEARCH DESIGN 

2.1 Overview of Methodology 

In this research, authors of the study used a mix methods research in order to achieve the current 
research aims. According to Creswell [50], in mix methods research, data collection phase can be 
conducted through qualitative and quantitative methods either sequentially or concurrently. In 
sequential strategy the sequence of both qualitative and quantitative methods implication for data 
collection can be performed into different order [50]. But the weight is given to the first method and 
the result of second method is build on the basis of first method result [50]. In contrast, data 
collections through qualitative and quantitative methods in concurrent strategy are conducted parallel, 
and analysis of the results generated through both methods are followed to know if there is divergence 
or convergence or combination of both [50]. The mix methods research used in this research was 
sequential exploratory strategy [50]. In initial phase, qualitative data collection and analysis was 
performed which followed by a phase of quantitative data collection and analysis.  

 
Figure 4 Structure of Sequential Exploratory Strategy 

2.1.1 Phase-1 

      To Answer RQ1 and RQ2, literature review and Delphi survey was conducted. As the main 
purpose of these research questions were to acquire data from both academia and industry to collect 
lists of factors that could influence as failure and success of integration process in global software 
projects. In this context, the inductive and exploratory nature of qualitative research is really suitable, 
i.e. broadening understanding of phenomena during study and, in turn, driving the subsequent 
research methods in order to provide insight to certain topics of which little is known [51]. To answer 
RQ1 and RQ2 from academia, literature review was conducted in which some appropriate steps were 
followed (discussed in section 2.2). Meanwhile, to answer RQ1 and RQ2 from industry a “ranking 
type” Delphi survey was conducted , outlined by Schmidt [52] that further continued to answer RQ3. 
Schmidt provided an excellent and detailed guideline of principles to follow [53] and it was observed 
that Schmidt guidelines [52] were successfully used in many studies [53] [54] [55] [56] for same 
research design. In addition, Okoli [53] particularly identified many studies that used successfully 
Schmidt approach for forecasting, issue identification and prioritization. In this study Delphi Survey 
consisted of 5 rounds and RQ1 and RQ2 were answered in round 1 through an open ended 
questionnaire. After that qualitative ‘comparative analysis’ was performed to analyze similar and 
different failure and success factors, gathered through literature and Delphi survey round 1. 
Comparative analysis is used to isolate prominent similarities and differences in between the entities 
[57]. The aim of this analysis was to identify similar and different failure and success factors and 
merge the similar failure factors into consolidated list along with unique failure and success factors. 
The details of further Delphi survey round 2 and 3 using Schmidt guidelines in which validation of 
failure and success factors consolidation (round 2) and important failure and success factors selection 
were performed (round 3), are discussed in section 2.3.  

2.1.2 Phase-2 

To answer RQ3 Delphi survey round 4 was conducted in which first the data was collected and 
then analyzed through quantitative method.  As Delphi survey is suitable for both qualitative and 
quantitative data collection and analysis [53] [54]. In addition, in RQ3 this study had to produce 
absolute prioritized lists of failure and success factors independently, using Delphi survey. To achieve 

QUAL data 
collection

QUAL data 
analysis

quan data 
collection

quan data 
analysis

Interpertation 
of entire 
analysis
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this goal, the two lists were first prioritized by 11 experts independently in Delphi round 4  and then 
to find out a significance of consensus in the ranking of the relevant (failure and success) factors 
among all experts, nonparametric statistical analysis was applied [52] [ 53]. In order to achieve strong 
consensus among Delphi experts another round 5 was carried out in which ranking was revised for 
both failure and success factors by following the same procedure as adopted in round 4. 

 
 To answer RQ 4 (Qualitative) Comparative analysis was performed on Delphi survey results and 
compiled results of the literature review. The aim of RQ4 was to identify hidden failure and success 
factors and their strength in terms of empirical and non-empirical evidence. The identified failure and 
success factors from the Delphi survey were compared to the ones collected from literature review. As 
a result a comparative analysis facilitated in determining such failure and success factors that were 
only identified through Delphi experts as hidden failure and success factors for current literature. In 
addition, authors of this study also identified the strength of failure and success factors in terms of 
empirical and non-empirical evidence by analyzing each literature study’s research method to know 
that investigated failure and success factors were empirical or non-empirical.  
 

 
Figure 5 Shows an Abstract View of Research Methodology   

2.2 Literature Review 

One of the major purposes of exploratory research is to conduct an investigation of an issue or 
topic in order to develop insights and ideas about its underlying nature [58]. Like all research, 
exploratory research design typically starts with a study of the reported findings of other researches. 
The process is known as literature review [58]. It is recommended in all type of research but it plays a 
comprehensive role in exploratory research [58]. Same as in authors’ research, literature review was 
an integral part of research, because by means of literature review authors had to answer research 
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questions RQ1 and RQ2. In addition, results of RQ1 and RQ2 were a key part for remaining research 
questions. By having all these ideas in mind, authors of the study performed literature review with 
proper planning of searching and conducting strategy, review analysis and execution [59].  

2.2.1 Literature Review Plan 

According to [60], research is defined as an attempt that scholars purposely set out to improve their 
understanding of a phenomenon and expect to communicate what they discover to the large scientific 
community. In addition, to know about current status of the body of knowledge in the specified 
research field is first important step for any research project [61]. As in authors’ case the exclusive 
purpose of literature review was to find out all failure and success factors regarding integration 
process in global software development by highlighting every single (empirical, theoretical/non-
empirical) evidence that was discussed in conducted research studies as integration failure and success 
factors. As a result authors’ could able to highlight all hidden integration failure and success factors 
that were hidden from industry. Moreover to know the implications of theoretical failure and success 
factors in empirical observations and industrial results.  

2.2.2 Conducting Literature Review 

Before starting literature review for searching relevant and productive material, first step was to 
indentify keyword (strings) from study domain area. For this purpose, research questions were broke 
down into individual facets i.e. intervention, population, outcomes, context, comparison and study 
design. Then a list of synonyms, abbreviations, and alternative spellings was designed [59]. Boolean 
OR use to join alternate words and synonyms while Boolean AND use to join major terms. 

2.2.2.1   Key Words for Literature Searching 

((global OR distributed OR multi-site OR remote) AND (software) AND (integration)) 

2.2.2.2   Adequacy of Databases 

According to Brereton et al [62] software engineering search engines which are currently 
available are not enough in supporting literature reviews. Therefore, Brereton et al [62]  identified 
seven electronic sources of relevance to Software Engineering in an attempt to carry out a 
comprehensive search. Authors of this study considered all of these electronic sources as effective and 
useful for acquiring quality material. Following is the list of these electronic databases use for 
collecting primary studies.  

 IEEE explore  
 ACM Digital library:  
 Citeseer library (citeseer.ist.psu.edu)  
 Inspec (www.iee.org/Publish/INSPEC/)  
 Google scholar (scholar.google.com)  
 Science Direct (www.sciencedirect.com)  
 EI Compendex (www.engineeringvillage2.org/Controller/Servlet/AthensService) 
 Springer Link 

 
IEEE and ACM are most authenticated resources with the collection of citation, full text 
journal, conferences preceding that are technically and scientifically peer reviewed. Science 
Direct is also most authenticated resource with the collection of citation, full text journal, 
books that are technically and scientifically peer reviewed. Whereas EI Compendex is a 

http://www.engineeringvillage2.org/Controller/Servlet/AthensService�
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bibliographic database that provides access to scientific literature in many domains. In 
addition, Springer Link contains millions of bibliographic citation and abstract of the papers 
in the field of engineering and technology. 

2.2.2.3   Study Selection Criteria and Procedures for Including and Excluding Primary Studies 

Once the authors obtained potentially relevant studies, then these studies were assessed for their 
actual relevance. A study selection criterion was set up by the authors that intended to recognize the 
studies that provided direct evidence about the research questions [59]. As in literature review 
authors’ main objective was to highlight every, single evidence that was discussed as integration 
failure and success factor in GSD. Therefore a study selection criterion was very straight forward.  

Following are factors that authors consider for inclusion of the relevant studies.  

 Language English 
 Peer reviewed  
 Document type: Book, conference and Journal papers 
 Every study (empirical/theoretical) that provide integration failure and success factor in GSD 

2.2.3 Data Extraction Strategy 

A study [63] noted that the literature review demonstrate how main points have been extracted 
from the literature by undertaking analysis, and how the researchers reconstructed main idea in their 
own words by providing a critical synthesis. The aim of this important step in any research study is to 
design data extraction forms to precisely record the information researchers acquire from the topic 
related studies [59]. Authors of this study extracted relevant data into a mockup file in which all the 
factors were written under following pattern. 

Table 3 Template of Mockup File Used For Extracting Data from Selected Studies 

Ref
. 
No. 

Title 
Of 
Stud
y 

Empiri
cal 
Study 

Researc
h 
Method 

GSD 
Strateg
y 

Databa
se 

Failur
e 

Factor 

Summary Of      
F. Factor 

Success 
Factor 

Summary Of       
S. Factor 

Stu
dy 
ref 

Stud
y 

Title 

Yes/N
O 

Case 
study/ 

intervie
w… 

Offshor
e/outso
urce... 

IEEE/A
CM… 

factor 
title 

Summary of 
factors 

factor 
title 

Summary of 
factors 

The main idea behind extracting data into mockup file was to maintain record of each (failure and 
success) factor with important attributes that later found to be very helpful to analyze all the factors. 

 To differentiate the factors that were gathered form empirical studies 
 To differentiate the factors that were gathered from theoretical studies 
 How many and which factors gathered from empirical studies 
 How many and which factors gathered from theoretical studies 
 What were the similarities and differences between empirically and theoretically observed 

factors?  

During factor summarizing authors did not guess, assume, predict, or conclude any integration 
failure and success factor on the basis of their own thinking and assumptions but summarized and 
reported the (failure and success) factors as they were presented originally in the studies. During 
literature searching databases were divided by the authors as one explored IEEE, Science Direct and 
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ACM and second as Inspec (Ei Village 2) and Springer Link. After finishing literature searching, 
authors of the study performed cross check in order to validate their findings.  

During all processes of literature review authors of the study used online file sharing software 
(Drop box) to review each finding during different literature review processes. The main focus during 
review was 

 Selected studies were according to predefine selection criteria 
 To extract factors in appropriate manner 

A complete mockup file is available with the thesis (as it couldn’t be attached in appendix because 
of its large size).   

2.3 Rationale behind Delphi methodology  

Although authors’ of this study could conduct a traditional survey to investigate 
integration challenges and solutions related to integration process in GSD from experts 
relating to GSD organizations where development was performed at remote place. In order to 
judge the Delphi method to be a stronger methodology for an accurate query of experts, a 
study [53] compared and contrasted the strengths and weaknesses of a Delphi study against 
the traditional survey approach as a research strategy. In light of this comparison, authors of 
the study selected the Delphi method for the following reasons: 
 This study was an investigation of failure and success factors related to integration 

process in GSD project. This complex issue required knowledge from such experts 
who had good knowledge and experience of integration problems and solutions in 
GSD projects. Thus, a Delphi study has ability to answer the study questions more 
appropriately [53]. 

 As Delphi is an appropriate group method, and according to [53], a group study has 
more ability to appropriately answers the research questions, rather than any 
individual expert’s responses. In addition, there were some other high-performing 
group decision analysis methods (e.g. Social judgment analysis and nominal group 
technique), Delphi is more suitable in sense that it did not require the experts to meet 
physically, which could be unfeasible for international experts [53]. 

 The flexible nature of Delphi design may amenable to follow-up interviews [53]. This 
allows the collection of richer data leading to deep understanding of the basic research 
questions [53]. 

 Anonymity of Delphi members allows the members to freely express their opinions without 
any pressures to conform from others in the group [64]. Decisions are evaluated on the entire 
group decision merit, not who has proposed the idea.  

  Iteration of Delphi rounds allows the Delphi members to refine their views in light of the 
progress of the group’s work from round to round [64]. In this way if there are week members 
in terms of knowledge and experience in the research sample, it might overcome this threat. 
This can be a big advantage of Delphi survey over traditional survey and other data gathering 
techniques.  

  Controlled feedback in Delphi survey also informs the Delphi members of the other 
member’s perspectives, and provides the opportunity for Delphi members to clarify or change 
their views [64].  

 In last statistical aggregation of group response permits for a quantitative data analysis and 
interpretation of data[64].  
 

But having some good advantages on other research methods, Delphi survey has some 
drawbacks that must be keep in mind during execution. Following are some of the related risks 
that authors considered during execution of Delphi survey. 

http://samsok.libris.kb.se.miman.bib.bth.se/V/UAL2DS3I3D3MGVEKUBL1B678Q8KKFD4DN6C13V35E4D5HC941N-12896?func=native-link&resource=LIB31548�
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 Delphi survey is difficult to perform due to its time consuming nature, effort intensive and 

require expert preparation. Therefore to overcome these issue authors of the study discussed 
this issue before starting the Delphi Survey with all experts and ensured their participation.   

 The agreement level that obtained in second round is often found to be artificial. To overcome 
these issue authors of the study requested all participants to provide motivation regarding 
their opinions.     

 Low amount of opinions might belong to special value are also pooled and due to 
emphasizing accumulated results, it normally ignored. In addition, under requirement of 
preserving anonymity among all experts it is difficult to find out week answers later on. As 
per Schmidt guidelines [52],  to overcome this issue authors of the study  first requested each 
expert to provide their rationale behind provided opinions. Secondly authors shared their 
provided motivations of opinions with other experts so that they could also consider other 
experts experiences and give appropriate judgments. 

 A study [65] discussed that “lack of guidance lead to a variety of approaches and can result in 
different Delphi studies interpreting and reporting in different way: this could affect the 
integrity of the method”. Therefore it was necessary to use verified ranking type Delphi 
survey guidelines in order to handle all discussed possible risks. 

 Schmidt provided an excellent and detailed guideline of principles to follow [53] and it was 
observed that Schmidt guidelines [52] were successfully used in many studies [53] [54] [55] 
[56] for same research design. In addition, Okoli [53] particularly identified many studies that 
used successfully Schmidt approach for forecasting, issue identification and prioritization. 

2.4 Delphi Survey   

The Delphi Survey was originated by Rand Cooperation in a series of studies in 1950s [53]. The 
aim was to develop a technique that could able to obtain the most reliable consensus of the group of 
experts [53]. In addition, this survey found to be very productive by having many facilities bunching 
in one uniform iterative survey, which enable researchers to use it in different situations. 

  

 
Figure 6 Abilities of Delphi Survey 

Delphi survey has all these capabilities 
[5,6]

Has ability to 
Structuring a group 

communication 
process to assist 
group problem 

solving and help to 
structure  model

Has ability to 
explore 

incomplete / 
hidden knowledge 

of targeted 
problem domain

Has ability to 
obtain the most 

reliable consensus 
of opinion of the 
group of expert 

for targeted 
problem domain.
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Researchers have applied Delphi survey in many different situations as a tool for expert problem 

solving [53]. While some of them have developed variations in this survey to achieve their outcome/ 
goals [53]. One variant that has received well-known use is the ‘‘ranking-type’’ Delphi, used to 
develop group consensus about relative importance of issues [53].  In this regard, Schmidt [52] 
provided a comprehensive description of how to conduct “ranking type” Delphi survey, including 
guidelines for data collection, data analysis (based on non-parametric statistical techniques), and 
reporting of results [52] [53]. Schmidt ranking type Delphi survey mainly included three phases: 

 
• Brainstorming for important factors 
• Narrowing down the original consolidated lists to the most important ones 
• Ranking the separate lists of important factors. 

 
  Keeping all above, Schmidt ranking type Delphi survey study procedure in mind, authors of this 
study mapped their research execution flow under the guidelines of Schmidt [52] [53] procedure. 
 
 

 
Figure 7 Delphi Survey Administration Process (adapted from [53]). 

 
By analyzing Schmidt ranking type Delphi survey procedure, authors convinced to select Schmidt 

ranking type Delphi survey to answer RQ1, RQ2 and RQ3. In addition, a study [65] discussed that 
“lack of guidance lead to a variety of approaches and can result in different Delphi studies interpreting 
and reporting in different way: this could affect the integrity of the method”. Therefore it was 
necessary to use verified ranking type Delphi survey guidelines as provided by Schmidt to remove the 
risk of wrong interpretation of Delphi survey. 

2.4.1 Experts Selecting Procedure (Research Sample) 

A rigorous procedure was required to ensure identification of relevant experts and gave them the 
opportunity to participate in the study [53].  According to [53] a statistical sample does not suit to as it 

Brainstorming

• For this phase only, treat experts as individuals, not panels
• Questionnaire 1: Ask experts to list integration failure and success factors in GSD
• Consolidate these lists with all failure and success factors gathered from literature, 
• Remove exact duplicates, and unify terminology
• Questionnaire 2: Send consolidated failure and success factors lists to experts for      
validation

• Refine final version of consolidated lists

Narrowing 
down

• Questionnaire 3: Send Refine final version of consolidated lists to each expert
• Each expert selects (not ranks) at least ten failure and success factors on each list
• Retain factors in each list selected by over 30% of the experts

Ranking

• Questionnaire 4: Ask experts to rank factors on pared-down lists
• Calculate mean rank for each item
• Assess consensus for each list within each expert using Kendall’s W
• Share feedback with each expert and ask them to re-rank each list
• Reiterate until experts reach consensus or consensus plateaus
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attempts to be representative of any population. While it is a group decision mechanism highly 
requiring qualified experts who have intense understanding of the issues [53] . Therefore, one of the 
critical requirements was the selection of qualified participants since the output of the Delphi is totally 
based on participants/experts knowledge and experience with the issues under investigation. For this 
purpose authors of the study first identified the targeted population that was required to give answers 
RQ(s) with the help of literature review by understanding the domain under investigation. As this 
study was related to investigation of problems and solutions of integration process in GSD, therefore 
the appropriate persons for this investigation were the persons who had good experience of integration 
process in GSD projected. For these purposes, authors of the study first contacted different GSD 
organization links and request them to provide appropriate person(s) who have required knowledge 
and skills related to issue under investigation. In start authors able to contact 6 different GSD 
organizations links. To present brief introduction of issue under investigation, authors of the study 
sent a document through an email to all of them in which problem area and their required participation 
was briefly discussed along with expert selection criteria. In addition, the nature of the Delphi survey 
and different rounds participations were also specially discussed. For the details of this document see 
(Appendix H). Furthermore, they were also requested to provide suitable other GSD companies links 
for Delphi survey participation. In result, authors’ initial links provided some other links for Delphi 
survey participation. At that time the total number of link was 18. But many (7) of them refuse to 
continue due to following reasons. 
 Due to long period of Delphi survey 
 Due to lack of sufficient experience 

In result, authors of the study finally had 11 different GSD organization links for their Delphi 
survey. All of the experts ensured their participation by fulfilling expert selection criteria. In addition, 
authors’ links provided suitable persons profile information in which their designation, experience in 
GSD and experience of managed GSD project were specially informed.   

2.4.1.1 Selection Criteria 

 Knowledge and experience with the issues under investigation 
 Projects experience that were developed in remote places  
 Capacity and willingness to participate  
 Sufficient time to participate in the Delphi survey until significance level of consensus among 

all experts didn’t achieve 

2.4.1.2 Experts Profile 

Table 4 Template Used for Profile of each Delphi Participants (n=11) 

Expert ID 
 

Highest 
Educational 

Degree 

Educational 
Background 

Experience In GSD 
Industry 

Number Of GSD 
Projects The Expert 

Has Managed 

Contains id of 
each expert 

Contains last 
higher educational 

degree of each 
expert 

Contains 
educational back 
ground of each 

expert 

Contains experts 
experiences in GSD 

industry 

Contains experts 
experience as project 
manager/team lead in 

GSD projects 

 

2.4.2 Mechanism for Administering the Delphi Questionnaires 

The Delphi questionnaires was administered using e-mail (Round-1 questionnaire), and the web 
(Round 2, 3, 4 and 5 questionnaires). As advantage of these ‘‘rapid’’ media was that they had ability 
to speed up the turnaround time between questionnaires [53]. This was also very important using such 
rapid media in this survey as Delphi survey is notorious for the elapsed time required for data 
collection [53]. 
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2.4.3  Delphi round1: Brainstorming 

Questionnaire 1: Initial collection of GSD integration (failure and success) factors  

Authors of the study sent first questionnaire (see appendix A) along with the document having 
problem statement and expert agreement to serve Delphi survey using the expert’s preferences of 
email and Web. The initial questionnaire for Delphi survey was very simple, since it consists on open-
ended solicitation of ideas. The questionnaire had two basic questions; each was directly 
corresponded to RQ1 and RQ2. To address RQ1 and RQ2, the questionnaire were asked experts to list 
at least (4-6) most important failure and success factors [52] of integration process related to GSD 
projects. These questions were asked to generate separate lists of failure and success factors of 
integration process in GSD projects, which authors referred as such factors that can cause failure in 
integration of the components/functional modules that used to develop only in a distributed manner. 
Whereas success factors of integration process referred to such factors/practices that characterized 
successful integration. Experts were also asked to provide a brief explanation about the importance of 
each failure and success factor.  These explanations were very important to understand and reconcile 
the various experts’ factors [53]. Moreover, the explanations were very helpful to clarify for the next 
questionnaire, which renames and consolidates the factors with the factors that were gathered from 
literature review [53].   

2.4.3.1 Analyzing the Responses from the First Questionnaire 

In analyzing the responses from the first questionnaire, authors of the study performed qualitative 
comparative analysis for failure and success factors consolidation by identifying their similarities and 
differences into separated consolidated failure and success factors lists [57]. After that each failure 
and success factor was assigned one-line title and three to five line summary of the data provided by 
experts and literature for particular (failure and success) factor [53] [55] [56].  

Start

Factor n Factor 
n+1

Compared 
factor 

Keyword(s)

If KW(s) 
concept are 

same

Compare 
Factor(s)
Context

If Context 
are same

Merge both 
factors

Considered 
as unique

Output in 
consolida

ted list

Stop

N Y

N Y

 

Figure 8 show the process of factor consolidation 
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 The idea of comparative analysis was taken from a qualitative comparative analysis technique 
called constant comparative analysis used in grounded theory research method [67]. This method is 
basically used to identify similarities and difference between emerging categories [67]. As authors of 
the study only required to produce unique factors lists by merging similar (failure/success) factors and 
separating unique (failure/success) factors, therefore authors used basic guidelines of constant 
comparative analysis. 

Each factor was selected one by one and their keywords (concept/synonyms) were compared with 
entire factors if the keywords had not containing the same meaning than the selected factor was 
marked as unique factor. The reason behind comparing concepts of the keywords was that many 
authors used different terms to explain similar factors e.g. informal communication and ad hoc 
communication. On the other hand if the keywords of the selected factor and the compared factor 
have same meanings than it was elected for the next step. In next step context of the similar meanings 
keywords were compared. If the contexts of selected factor and the compared factor were not same 
than the selected factor was again marked as unique factor e.g. lack of informal communication due to 
time zone difference and the same problem due language barrier. Whereas, if the context of the 
factors were same than both the selected and compared factors were merged together. Similarly, rest 
of the factors was compared with similar fashion and consolidated unique failure and success factor 
lists were generated. 

2.4.3.2 Analysis of Failure Factors 

Table 5 Template Used for Reporting Failure Factors 
Failure Factor Failure Factor ID Discussed In Studies Failure Factor  Description 
Contains title of 

each failure 
factor 

Contains failure factor IDs 
 factor ID of specific 

literature studies who 
discussed this factor 

 factor ID of specific 
experts  who suggested 

this factor 

Contains failure factors 
references 

 factor ref. of specific 
literature studies who 
discussed this factor 

 factor ref. of specific 
experts who suggested 

this factor 

Contains concise 
description of each failure 

factor 

2.4.3.3  Analysis of Success Factor 

Table 6 Template Used for Reporting Success Factors 
Success Factor Success Factor ID Discussed In Studies Success Factor  Description 

Contains title of 
each success 

factor 

Contains success factors IDs 
 factor ID of specific 

literature studies who 
discussed this factor 

 factor ID of specific 
experts  who suggested 

this factor 

Contains success factors 
references 

 factor ref. of specific 
literature studies who 
discussed this factor 

 factor ref. of specific 
experts who suggested 

this factor 

Contains concise 
description of each 

success factor 

 

2.4.4 Delphi round2: Validation of Consolidated (Failure and Success) Factors Lists  

Questionnaire 2: Validation of Failure and Success Factors Lists  

In this round, second questionnaire (see Appendix B) was sent to the experts and asked to first 
confirm that their suggested factors were consistent with their initial input by importance in 
successfully completion of the results [52] [53] [55]. In order to successfully perform this step authors 
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highlighted particular suggested (failure and success) factors in that particular expert’s link so that he 
could able to confirm the consistency of his suggested (failure and success) factors. According to 
Schmidt [52]‘‘without this step, there is no basis to claim that a valid, consolidated list has been 
produced.’’ Moreover experts were also asked to comment on each failure and success factor and to 
introduce new factors that they might not have considered initially, if necessary [52] [53] [ 66].   

2.4.4.1 Analyzing the Responses from the Second Questionnaire 

Based on their responses, authors of this study refined two failure and success factor lists. 

2.4.5 Delphi Round 3:  Narrowing Down Failure and Success Factors Lists 

Questionnaire 3: Selection of Most Important Failure and Success Factors  

In this round, third questionnaire (see appendix C) was sent to the experts and asked to narrow 
down failure and success factors list. The rationale behind narrowing down the failure and success 
factor list was to pare the factors so that experts could meaningfully rank them [52]. In addition, 
according to Schmidt [52] the sheer number of factors involved hinders the ranking exercise. As in 
order to rank, each expert has to assign some arbitrary number to the top factors, independently [52]. 
In this way the mean ranks usually show little variation [52]. In addition, the arbitrary choice of the 
number of factors to be ranked was not a good way to bound the final list [52]. Therefore a randomly 
ordered, failure and success factors consolidated list was sent to each expert [52]. They were asked to 
independently selected 10/47 failure and 10/36 success factors as the most important (not rank), as at 
least 10 % or more (if the list contains less than 100 items ),suggested by Schmidt [52]. 

2.4.5.1 Analyzing the Responses from the Third Questionnaire 

According to Schmidt [52] and Okoli [53] the selection criteria for important factors that were 
selected by all experts independently, should be more than 50% of the experts and targeted size for 
ranking list should be no more than 20 items as these are easy to rank. Therefore Authors of the study 
analyzed all the experts’ responses separately, and identified failure and success factors that were 
selected by over 50% (6/11) of the experts. As in authors Delphi experts case, the number of 
participant were limited (n=11). There was a threat that by following this step authors might lose 
some important (failure/success) factors. Therefore, authors selected 6/11 as very important according 
to the Schmidt guidelines and 5and 4 out of 11 as important.    

2.4.6 Delphi Round4: Ranking Relevant Failure and Success Factors  

Questionnaire 4: ranking the selected failure and success factors  

The goal of this round was to reach a consensus in the ranking of the relevant failure and success 
factors among all experts [52] [53]. Therefore, in this phase each expert was asked to separately rank 
the failure and success factors on each of their different pared-down failure and success factors lists 
[52] [53]. Each ranked list was reflected the priority order for the specific expert [52] [53]. In this 
phase, each expert was requested to individually submit a rank ordering of the factors: one ordering 
for each of the two lists— failure and success [52] [53]. The questionnaire (see appendix D) was also 
asked experts to submit comments explaining or justifying their rankings [52] [53]. In addition for the 
validity and impact of Delphi as methodology and its results experts were asked: 

 
 Research methodology in terms of Delphi survey, did it collect the data sufficiently and 

give adequate results in terms of failure and success factors and to generate prioritized lists? 
Did you satisfied with its all execution steps and produced results? 
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 Contribution of research in terms of failure and success factors gathered from 
literature and Delphi experts and prioritized lists, Did these outcomes really helpful to 
develop a strategy to improve integration problems in global software development? 

2.4.6.1 Analyzing the Responses from the Fourth Questionnaire 

Okoli [53] performed literature review in his study and concluded that there was no such literature 
that  identified such an explanation of rankings in any Delphi study, although Schmidt suggested 
soliciting helpful comments. In addition, when it came to quantitatively determining the ranks of the 
failure and success factors in the lists, Schmidt [52] provided an excellent and detailed guideline of 
principles to follow, which authors used as the basis of their methodology here.  

2.4.6.2 Method Selection for Rank Analysis 

There were a number of different metrics (Spearman, Pearson tests) used for correlational design 
and for measuring non-parametric rankings [53] [68], looked for the degree of association between 
only two sets of items [68]. For instance, comparing the ranks for a list of factors that are assigned by 
two experts to see, if they are correlate [68]. However, when comparing the ranks that are assigned by 
more than two experts (in authors case experts = 11) in other words there were two lists of factors that 
contained 11 and 14 factors respectively, each of whom was ranked by 11 experts. In this case authors 
needed to assess the 11 sets of rankings given by each expert to see how far the opinions of the 
experts agree [68]. Therefore, rather than having two sets of rankings to analyze for correlation, 
authors had 11 sets. Such a design was required a test called Kendall coefficient of concordance [69] 
[68], one of the widely used data analysis methods in the behavioral research, propounded by Maurice 
George Kendall in 1962 [69], also widely recognized as the best for the rank analysis [53]. Kendall’s 
Coefficient of Concordance is represented with the symbol W and also known as expended Kendal’s 
Tau [69]. Like spearman and Pearson, Kendall’s Tau that also used to measure degree of association 
between the ranking of several attributes by only 2 experts [69]. In some extent this test can be 
considered as an alternative to the Friedman Two-Way ANOVA, but there is an enormous difference 
between both methods [69]. As Friedman ANOVA doesn’t have tendency to indicate the degree of 
association among the rankings of ‘n’ items [69]. Whereas, Kendall’s W has ability to compute this 
degree or strength of association with respect to the rankings given by ‘n’ experts on ‘n’ objects [69]. 
 

Another motivation behind selection of this test was that both the Spearman and Pearson tests  
produce a correlation coefficient which can be somewhere between -1 “negative correlation” through 
0 “no correlation” to +1 “positive correlation”[68]. Whereas the Kendall coefficient of concordance 
gives a value from 0 to +1 that gives the indication whether there is no correlation at all between the 
sets of ranks i.e. 0 or a positive correlation i.e. +1 [68]. In further, it also clearly shows that it doesn’t 
give negative correlation [68]. This made the selection of this measure stronger and clear. For 
example, when three or more sets of rankings are being compared, the results of all opinions about 
rankings cannot disagree completely [68]. In addition to this, expert A may produce a set of ranking 
which is completely reverse of expert B’s. If there are only two experts than there results can be 
analyzed with a spearman and it would end up with negative correlation between experts’ rankings 
[68]. But if experts A and B completely disagree from each other, what about other experts? If any of 
other expert except B agree with A, it mean there is some measure of agreement among the rankings. 
Therefore it may conclude from Kendall coefficient of concordance that there is positive correlation 
in terms of agreement between the ranks or there is no relationship. Moreover, since the Kendall 
coefficient of concordance only examine whether or not there is a positive correlation between the 
results , the hypothesis must be one tailed [68].  

Procedure  

Note: (Same procedure was performed on both failure and success factor list separately) 

Step 1 
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By formulating a null hypothesis and an alternative hypothesis, authors’ null hypothesis was that 
the rankings patterns of ‘k’ sets of experts are independent for ‘n’ sets of  factors [69]. The alternative 
hypothesis was that a significant agreement among the experts in the ranking of different failure and 
success factors [69]. 

 
Step 2 

Authors arranged the data received from each expert independently in a tabular form wherein the 
columns represented different experts and the rows represented different factors. 

Step 3 

Calculated sum the ranks for each row (that is, for each factor) and call it 𝑅𝑗. 

Step 4  

Calculated the mean 𝑅𝑗, this was computed by summating all 𝑅𝑗’𝑠 and dividing the sum by the 
number of columns i.e. (number of experts). 

                                                             Denoted the mean 𝑅𝑗 𝑎𝑠 𝑅′𝑗  

Step 5 

Calculated the value of ‘s’ which was nothing but the squared deviation of each 𝑅𝑗  from 𝑅′𝑗 . That 
was,  

�(𝑅𝑗 –𝑅′𝑗 )
2 

Step 6  

Applied the formula to calculate the Kendall’s W coefficient, 

𝑊 =
12𝑠

𝐾2(𝑛3 − 𝑛)
 

Here 
 

S= sum of squares of the 𝑅𝑗 - from the 𝑅′𝑗 (that was stipulated in step 5) 
K= Number of experts ranking the factors 
n=Number of factors that was evaluated by experts 

Step 7 

Note: as Kendall’s W only tells the degree of agreement among the ranks assigned by the different 
experts on different factors. Therefore there was need to test the significance of W through critical 
value of χ2[69]. In addition, by comparing the calculated value of  𝜒2 with the critical  𝜒2 value (n-1) 
degrees of freedom at .001  [52] [55] level of significance, authors could able to reject the null 
hypothesis and conclude with an assurance that the agreement among the ‘k’ experts was significant 
than value could occur by chance [69]. Thus as in authors’ case the number of factors to be ranked 
and evaluate were greater than 7, authors’ calculated the critical value through computation of 𝜒2 
distribution value [69]. 

𝜒2 = 𝑘(𝑛 − 1)𝑊 
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Here 

 K= number of experts 
 n= number of factors were being ranked 
 W=Kendall’s coefficient of concordance 

Step 8 

Located the critical value of χ2 through the table (available in [70]), containing the chi-square 
distribution values. Since the procedure of calculating the chi-square value was discussed in Step 7, 
now authors located the corresponding critical chi-square value at .001 level of significance at n-1 
degree of freedom [52, 53]. 

𝑑𝑓 = 𝑛 − 1 
 
Here n= number of factors being ranked 

Step 9 

Compared the calculated chi-square and critical chi-square values to make a decision, if the 
calculated chi-square value was greater than the critical value of chi-square at .001 level of 
significance, than the null hypothesis (that was, there is no agreement between ranking of different 
failure and success factors  among the experts) was rejected [68]. Moreover, by doing this authors 
could able to conclude that there exist a considerable but significant agreement among the experts as 
to the ranking of different failure and success factors was concerned [68].  

 
Moreover,  after calculating Kendall coefficient of concordance (W), if the value of W ranged 

from 0 to 1 than with 0 indicating no consensus and 1 indicating perfect consensus between lists [53]. 
For further analysis Schmidt [52] provided a table for interpreting different values of W:  
                                                                                                           
Table 7 Interpretation of Kendall’s W (adopted from [53]) 

W Interpretation Confidence in Rank 
.1 Very week agreement  None 
.3 Week agreement Low 
.5 Moderate agreement Fair 
.7 Strong agreement High 
.9 Very strong agreement Very high 

 

After calculating the concordance among all experts, the W value was suggested that how to 
proceed in the ranking [52]. According to [52],  If W is less than 0.7, the ranking questionnaire must 
be resent to the experts by the authors. Authors reiterated this ranking process until they reached one 
of two stopping criteria [52]:  

 W would reach a value of 0.7, indicating a satisfactory level of concordance 
 Following Schmidt’s [52] suggestion, authors could stop iterating if the mean rankings for 

two successive rounds were not significantly different. 
 

However, after analyzing the results if W is less than 0.7, the ranking questionnaire must be resent 
to each experts [52]. In order to help the experts the following information [52] would be sent to each 
expert to revise their rankings: 

 
 The mean rank of the failure and success factors list  
 The expert’s ranking of the failure and success factor in the former round 
 An indication of the current level of consensus, based on the value of W e.g. ‘‘weak 

agreement’’ 
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 A paragraph summarizing the other experts’ comments on why they ranked that particular 
failure or success factor as they did.  
 

Based on this, authors would ask the experts to revise their rankings for each failure and success 
factor, again asking them to explain their rankings and revisions [52] and this process was followed 
until a strong agreement achieved by the authors. 

2.5 Comparison of Literature and Delphi Survey Results 

In addition, during comparative analysis it was also examined that how much Industry and 
literature acknowledged from each other in order to point out hidden failure and success factors.  
This analysis was performed in following ways: 
  

 Majority of the gathered (Failure/Success) 
factors acknowledged by both domains 
(Literature/Delphi Experts). 

 

 Majority of the gathered (Failure/Success) 
factors acknowledged by Literature. 

 

 Majority of the gathered (Failure/Success) 
factors acknowledged by Delphi Experts. 

 

 Majority of the gathered (Failure/Success) 
factors acknowledged by Delphi Experts and 
all failure and success factors gathered 
through literature were also mentioned by 
Delphi experts. 

 

Literature Delphi 
Experts

Delphi 
Experts

Literature

Literature

Delphi 
Experts

Literature

Delphi 
Experts
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 Majority of the gathered (Failure/Success) 
factors acknowledged by Literature and all 
failure and success factors gathered through 
literature were also mentioned by Literature. 

 

 In last, both Literature and Delphi Experts 
failure and success factors were different to 
each other 

 

 
 

The above analysis also included following viewpoints 

 How many factors provided by literature?  
 How many factors provided by Delphi experts? 
 What were the similarities and differences between Literature and Delphi experts’ opinions in 

terms of failure and success factors? 
 How many studies found fully related to the topic? 
 How many empirical studies found? 
 What factors provided by empirical study? 
 What factors provided by non-empirical study? 
 Factor provided by empirical and non-empirical studies were same? 

 

 

 

 

 

 

 

 

 

 

 

 

 

Delphi 
Experts

Literature

Delphi 
Experts Literature
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3 LITERATURE REVIEW AND DELPHI ROUNDS 
RESULTS AND ANALYSIS  

3.1 Number of Studies and Databases Searched  

Five main databases were searched in which authors found 52 studies that discussed integration 
factors in GSD environment. Authors of the study extracted success and failure factors from these 
studies that can lead integration to success or failure. Figure 9 shows database searched along with 
number of studies.  

 

Figure 9 Searched Databases 
 

 
Figure 10 Distribution of Studies per Year 
 
 

Figure 10 shows year wise distribution of selected studies that reveals GSD is a growing trend as 
in recent years; the numbers of published studies have been increased significantly on GSD.   

20

15

8
4 5

IEEE ACM Springer Science Direct Engineering Village

Searched Databases 

0

2

4

6

8

10

12

1995 1999 2001 2004 2005 2006 2007 2008 2009 2010

1
2

3
4 4

6

11

8

12

1

Number of Studies



26 
 

3.2  Type and Number of Selected Studies  

After implying selection criterion, total 52 studies were found, that consist of 39 empirical and 13 
non-empirical studies. Most of the studies discussed challenges and problems related to GSD, though 
there are success stories as well but the ratio of success stories are far less than the studies mentioning 
problems. Figure 11 shows ratio of the studies regarding empirical/non-empirical evidence.    

 
Figure 11 Types of Selected Studies in Terms of Empirical/Non-Empirical Evidence 
 

3.3 Studies Analysis on Basis of Integration as Main/Second/Fractionally Discussed  

The authors of the study found only five studies in which integration was the mainly discussed 
topic, while in rest of 47, few studies discussed integration as secondary topic while majority of the 
studies discussed integration as fraction.  

 

Figure 12 Studies Discussed Integration as Main Method or Secondary/Fraction 
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Type of Studies 
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3.4 Research Methods and Subjects of Investigation 
 

The dispersion of multilevel and dynamic GSD trends forced the growth of many new and diverse 
models, approaches and application of global development models [71]. A study by Smite et al. [24] 
discussed interpretations of the investigated GSD studies and it concluded that it is often difficult to 
find which research methods and settings were used and many areas remain unclear to the readers. 
The authors of this study faced same difficulty in understanding the actual GSD terminologies [72] 
(offshore insourcing or outsource) and research methods used in the selected studies. In addition, 
there existed many GSD related areas where these studies remained unclear or did not clearly 
mentioned about the type and methods used.  
 

 

Figure 13 Research Methods Used in Selected Studies 
 

The analysis of the studies enlighten that the majority of selected studies were case studies as 
shown in figure 13. 

• 52% studies were conducted on case studies 
• 23% studies were based on theoretical discussions which were included general investigation 

reports, discussion of lesson learnt etc 
• 9% studies used interviews and surveys as their main research method.  
• 8% studies based on student projects that were completed by students of different regions 
• 6% studies included experience reports and 2 % were field studies 

 
Subject of investigation refers to the settings where research was carried out. In the literature 

review authors found three subjects of investigations that include students, industry and mix of both. 
Majority of case studies are industrial projects while 4 studies based on student projects in which 2 
were conducted in mix settings.  

3.5 Over All Failure and Success Factors from Literature and Delphi experts 

Literature review provided 79 failure factors while 26 success factors. These failure and success 
factors were further consolidated with the result of Delphi survey round 1 in which failure and success 
factors were gathered through Delphi/Industrial experts.  
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Figure 14 Overall Failure and success Factors Provided by Literature  

 

3.6 Experts Profile 

According to criteria (discussed in chapter 2 (2.4.1)) authors finalized 11 experts. The profile 
details of the experts are give bellow    

Table 8 Profile of Delphi Participants (n=11) 

Exper
t_ID 
 

Highest 
Educational 
Degree 

Educational 
Background 

Designation Experience 
In GSD 
Industry 

Number Of 
GSD Projects 
Experience 

A Master of Science  Computer Sc. Project manager 8 100 
B Master of Science Software Eng Team lead 1 3 
C Master of Science Software Eng Team lead 5 1 
D Master of Science Computer Sc Project manager 8 20 
E Master of Science Cs&MGT Project manager 15 100 
F Master of Science Cs&MGT Project manager 2 5 
G Master of Science Software Eng Team lead 5 9 
H Ph.D Computer Sc Project manager 4 15 
I Master of Science Computer Sc Team lead 6 10 
J Master of Science Computer Sc Team lead 10 25 
K Master of Science Cs&MGT Project manager 11 1 
 
In research sample all of them were either project managers or team leads in which project 

managers and team leads were responsible for integration process in their organization. In addition, 
many of them had low experience. But as the final result of Delphi survey did not depends on 
individual opinion therefore this might reduce this threat.  

3.7 Results Delphi Round1: Brainstorming 

Questionnaire 1: Initial Collection of GSD Integration (Failure and Success) Factors  

In this round experts were asked to list at least (4-6) most important failure and success factors  
along with concise explanation (see Schmidt[52]) of integration process related to GSD projects. The 
received failure and success factors results were listed against each expert ID(s), are given in 
Appendix F.  

3.7.1 Analyzing the Responses from the First Questionnaire 

In this step, failure and success factors were analyzed through comparative analysis, gathered 
through literature and Delphi survey round1 and listed down into a consolidated list. In addition, each 
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failure and success factor was assigned title and two to three line summary of the data provided by 
experts and literature for particular (failure and success) factor [53] [55] [56]. Results of each analysis 
step are given in tables below 

3.7.2 Analysis Result of Failure Factors 

Table 9 Consolidated Failure Factors list 

Failure Factors Title Factor 
ID 

Discussed in studies Factor  Description 

long-term lack of awareness 
activities in remote site 

1,2,18,2
4,30,Cf1 

[73],[39],[74],[75],[
C] 

This problem is occurred due to 
continuous lack of awareness about 
events related to a shred product, 
unshared product, continues changes in 
processes, change in updated versions, 
collaborative tool integration and who 
will use their code and when integration 
process will be started  

Information overload 3 [23] This problem occurred when one of 
responsible developer unable to read the 
integration notification failure email due 
to overload of information and made 
changes that cause integration failure. 

Inadequate understanding of 
requirements and interface 
issues 

4,20,22,3
3,37,47,4
8,67,68,C
f3 

[9],[36],[76],[30],[7],[
49] 
[46],[19],[C] 

This problem occurred due to Lack of 
common understanding in requirements, 
interface agreement and essential details about 
many important features in interface 
specification.  

Different processes, techniques 
and standards on remote 
location 

5,6,35,54
,59,Af3,B
f2,Df4,Gf
3,Kf3 

[9],[43],[30],[79],[45],
[A] 
[B],[D],[G],[K] 

This problem occurred due different Change 
management processes, development 
standardizations, quality models between the 
company and third party.  

Assigned unclear 
responsibilities and missing 
integration strategy and plan 

7,39,40,4
2,69, Df2 

[80],[7],[19], [D] This problem occurred due to lack of explicit 
attention for the integration strategy and plan 
regarding clearly assigned responsibilities 
appointed by an integration architect, problem 
solving , hasty fixes by integration team when 
actual developers are not available at the time 
of integration and the value of release 
planning and change potential with allocating 
resources to keep this on track. 

Modularization of Work 8,60,62 [81],[15],[82] Modularization of work can create problems 
when remote teams are too independent and 
not communicating on regular intervals during 
development stages then incorrect and 
conflicting assumptions about functional 
requirements can create difficulties in 
integration process.  

Lack of Informal and External 
communication 

23,27,45,
51,55,70,
Bf1 

[74],[48],[49],[83],[84
],[19] 
[B] 

Lack of informal communication negatively 
affects the ability of individual to be aware of 
other teammate's activities and decisions, 
misunderstandings in design conventions, 
coordination mechanism that result in, 
integration problems. Lack of explicit 
communication makes difficult to know what 
to expect from the developers working on 
different sites and to predict about the exact 
time of completion and success of the project 
for contracting organization.   

Uncooperative behavior in 
remote teams members 

10,28 [21],[85] Sometimes a team or developer deliberately 
breaks the build to force a reaction from other 
teams to attain a desired outcome when a 
dependent piece of work is late but the 
submitter has developed a fix that will work in 
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their local workspace using expected 
contribution from the blocking team. When 
integration at the project level is attempted, its 
fails. 
 

Different assumptions about 
functionality of the modules 
developed by the designers 

11,61 [34],[86] This problem produces inconsistencies 
between the interfaces and behaviors of the 
modules, make difficult to know how the 
entire system will work, identifying the source 
of errors during integration process. 
Furthermore, changes made to fix these errors 
may cause inconsistencies and require further 
modifications in other modules. 

Change in requirements 
regarding technology and 
functionality 

12 [34] Adding new technologies or functionalities by 
changing condition in environment or by 
change in expectation of users that requires 
adding new functionalities and removing old 
ones at the design, implementation, or 
maintenance stages of the development 
process cause integration problems  

Big bang Integration 13,63,Kf
1 

[40],[41],[K] Working with large number of interdependent 
team needs multiple levels of integration in 
form of shared library, subsystem, cluster, and 
system levels produced specific challenges as 
the amount of inter site interactions increased 
and caused big bang integration problem. 

Incompatibilities between 
components 

14 [87] Incompatibilities between components are 
identified during system test and quality 
attributes that affected in end-to-end test 
scenarios. This leads to a costly and 
unpredictable integration process. 

Inadequate selection of 
engineering process 

15,Jf1 [87],[J] This problem occurs when processes are not 
feasible for the type of the system, platform 
and the organizational setup.  

Profiling as an optional activity 16 [88] Many project mangers assume profiling  (the 
code of application as it gradually develop) as 
an optional activity and in such situation 
project teams invariably end up spending more 
time, effort and money later in order to isolate 
and resolve problems. 

Deviation from agreed 
architectural specification 

17 [89] A critical issue called “architectural drift” 
occurs when the design of individual software 
components and subcomponents is handed 
over to remote teams and they deviate from 
agreed architectural specifications can 
potentially cause severe integration problems  

Immature global  Infrastructure 19,46,71,
Cf4,Gf5 

[90],[49],[19][C],[G] This problem occurred when global 
infrastructure within the company does not 
good enough to handle the distributed 
environment like limited bandwidth of the 
network between the regions incomplete 
hardware configuration, including hardware 
and firmware connectivity. 
 

Different versions of tools 21,Ff4 [91],[F] Problems often occurred when developers 
attempt to integrate the artifacts produced by 
different tools e.g. different versions of the 
same complier and are specific to the sites in 
which they are used. 
 

Higher number of syntactic  
dependencies 

25 [74] The higher the number of syntactic 
dependencies (measures associated with input 
and output interfaces) that a software 
component exports, causes the higher the 
number of defects reported during system 
integration against its related software 
component. 
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High time zone difference 26,Af6,E
f3,Gf1,Hf
4,If2,Kf4 

[74],[A],[E],[G],[H],[I
],[K] 

In temporal dispersion, where different 
locations of software development are 
involved with high time zone difference, 
increasers the estimated no of defects that dug 
out in the system integration phase. 

Unrealistic deadlines setting by 
managers 

29,32,Af
1,Gf5 

[75],[30],[A],[G] This problem occurred when manager 
sometimes not well aware about assigned 
work to developers within their teams and so 
often assigned deadline for developers which 
are not realistic.  . 

Unrealistic assumptions and 
predictions in integration plan 

31,32 [30] This problem occurs due to many unrealistic 
predictions and assumptions in initial plan and 
software development planning difficulties 
related to change in requirements, staff issues 
and tight schedule.  

Informal specifications 
refinement 

34 [30] The informal improvements are not usually 
recorded in the documentation, caused 
problems when the original developer left and 
a new developer not aware to the informal 
specification refinement took over. It also 
make difficult to find the accurate people to 
contact who were organizationally and 
physically remote when integration surface.   

Inconsistent design 
documentation technology 
selection  

36 [30] This problem occurs when technologies used 
to support the development of the code from 
design documents are not able to handle the 
complexities of the application domain.  

Lack of continuous and active 
management of the architecture 
along with change control 
including representation of all 
involved parties.   

38 [7] Lack of continuous and active management of 
the architecture along with change control 
including representation of all involved 
parties, is mostly lead towards critical 
problems, which only surfaces during 
integration stages of the project. 

Lack of required knowledge and 
skills regarding integration 

41 [7] This problem occurred when integration is 
perceived to be a less attractive and low level 
job and the presence of site experts are also 
frequently ignored during integration phase. 
Therefore, integration team often lacks the 
required domain and system expertise. 

Late detection of defects 43 [92] This problem occurs when late detection of 
defects are concentrated in the integration test 
phase. Dispersed defects mostly from the 
technical requirements phase transition will be 
hidden here. These hidden defects lead to 
integration problems and project delays.  

Business and personal 
incentives 

44 [49] This problem occurred when at the business 
level, collaborating organizations are also 
being the competitors in some of the areas. 
For example at the time of integration when 
modules are combined into one suit, it may be 
viewed as a competitor by the unit that 
developed the standalone product. A 
cooperative development after some time may 
become more competitive when the 
organizations are selling products 
independently. 

Lack of face to face meeting 
during integration process 

9,49,If1 [93],[46],[I] Without face to face meeting, it is very 
difficult to overcome disagreement and this 
often results to misunderstanding and 
miscommunication and, therefore , put a great 
impact on system integration  

Ad-hoc re-planning 50 [94] Due to the ad-hoc re-planning that often 
happens in the middle of iterations, however, 
the actual deliveries frequently didn’t match 
the planned deliveries, as a result it didn’t 
clear what the central team needed to integrate 
and test.  
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Lack of coordination between 
remote teams 

52,58,65,
Df3 

[83],[95],[96],[D] Lack of coordination between remote teams 
leads to technical issues related to different 
parts of the system like ill tested components, 
redundant code, ill or wrongly defined APIs, 
different priorities of the teams conflicted that 
leads to further delays which mainly surfaced 
at the time of integration.  

Avoiding tools and processes to 
manage and control 
architecture evolution   

53 [97] This problem occurs when during project 
development, in order to manage and control 
architecture evolutions rigorously and to 
prohibit architecture erosion, appropriate tools 
and processes are not employed. This 
ultimately produced too many problems at the 
integration points.  

Irregularities between the 
system due to lack of tool and 
technology knowledge 

56,Af5,B
f3,Ef4,Ff
1,Ff3 

[98],[A],[B],[E],[F] This problem occurred when the decision was 
taken to integrate different global site team’s 
application with the two underlying but 
separately developed technologies for 
scheduled release.  

Shared untested versions of 
components using  integration 
centric approach 

57 [99] Many organizations using an integration 
centric approach in which organization mainly 
relies on the integration phase. Although this 
practice offers a way to simplify the 
integration phase .But in this approach the 
untested version of components being shared 
among components teams causes critical 
inefficiency that could have been not 
practiced.  

Rapidly changing requirements 
and unexpected technical 
interdependencies. 

64 [100] There are many factors that often spoil 
integration of components which includes  
delays and mistakes in shifting from design to 
implementation, unclear or too rapidly 
changing requirements,  unexpected technical 
interdependencies  leads to bug-ridden code 
and other problems 

Inadequate task dependencies 
that occur through systematic 
properties 

66 [101] Project task dependencies occur through 
systematic properties like memory footprint 
and performance budgets, are not adequately 
investigated. This  initiates duplicated work 
effort, conflicting solution from different 
remote teams, and integration problems 

Badly Engineered Software Af2 [A] Most software development activity involves 
changing or enhancing existing code. Due to 
complex code, half of the time spent 
modifying existing software or trying to figure 
out what is going on in the code. 

Lack of Domain Knowledge Af4,Bf4,
Ef2,Ff2 

[A],[B],[E],[F] Most developers are not experts in the 
business process and domain so they miss 
understand functional requirements. 

Last time changes when release 
date is ready 

Cf2 [C] When one product version is ready then last 
time changes in one module always create the 
problem because at that time the time is very 
short to test and release date is ready so these 
changes affect other modules compatibility. 

Lack of Integration documents 
and manuals 

Df1 [D] Exact documentation of expectations of 
modules regarding their input and the 
generated output if any.  Integration 
documentations should be detailed at 
maximum level to avoid any compatibility 
between modules. 

Communication gap between 
teams at different sites due to 
different language 

Df5.Ef1,
Ff2,Gf2,
Hf1,If3,K
f4 

[D],[E],[F],[G],[H],[I]
,[K] 

Different teams at different locations, different 
culture, and different ethnic backgrounds. 
English may not be the native language. This 
creates problems in clearly understanding the 
requirements. This remains hidden and surface 
in integration process.  

Ambitious Time Lines due to Gf4 [G] To score some points over different groups 
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different group clashes some group give quite ambitious time lines 
that result in total collapse of the project 

Hiring based on lowest cost of 
labor 

Hf2 [H] Hiring global contractors at a 30% lower cost 
may seem like a good idea. However, project 
managers need to consider that lower cost 
contractors may require more supervision. If 
the PM spends 30% more time supervising (at 
likely a rate of 300-1000% more per hour cost 
of his time) then it would have been more cost 
effective to hire a more experienced, higher 
cost employee. 

Lack of detailed specification 
documentation for Global teams 

Hf3,If4 [H],[I] If specifications are not written with 
instructions down to the pixel, the non-English 
speaker will often not interpret and "figure 
out" what is really required.   

Lack of code implementation 
views/modules 

Jf2 [J] Failures will occur when there are overlapping 
sets of source code and no hierarchy for 
implementation units decomposition 

Assigning functional module 
without matching skills 

Jf3 [J] Components/functional modules are 
distributed between teams without matching 
the skill sets with the complexity of modules 

Ignorance of rigorous unit and 
integration testing during 
development and quality 
assurance phase 

Jf4 [J] Failures will occur if rigorous Unit and 
especially Integration testing is not performed 
during Development and Quality Assurance 
phases 

Poorly communicated module 
objectives/requirements 

Kf2 [K] Difficult to make modules right if you don’t 
see how it fits in the big picture. 

 

3.7.3 Analysis Result of Success Factor 

 
Table 10 Consolidated Success Factors List 
Success Factors Factor No Discussed in studies Factor Description 
Formal Interface descriptions 1 [9] Use of simulators (stub, drivers) to early 

discover integration problems 
Planning and executing 
integration activities at early 
stages of development 

2 [34] Planning  integration activities early by 
dividing it in three phases 
1. The preliminary development phase 
2. The initial product integration phase 
3. The final product integration phase 

Incremental integration and 
regulars deliveries  

3,6,18,21 [40],[39],[95],[41] To avoid big bang, adopting incremental 
integration strategy (clusters, shared 
milestones) 
Use of Agile methodologies, based on 
incremental integration and regular 
deliveries.   
Uniform processes at all sites and stable 
builds 

Continuous integration and use 
of integration tools 

4,15,Ks1 [102],[103],[K] Regular automatic compilation and 
integration tests  
Use of build tools, integrate daily. (agile 
practices) 

Creation of test Scripts for the 
performance test process 
(Integration system test phase). 

5 [88] Use of parallel integration testing while 
development.  
Early removal of common code level bugs. 

Use daily build system and tools 7,23 [76],[100] Use of daily builds to overcome early 
integration problems 
Minimize interdependencies and decoupling 
Adopting mini water-fall cycle  

Multi-site team building and 
cross functional teams 

8 [104] Developers frequently exchanged between 
neighbor sub- systems 
In critical phases, experts frequent visits to 
other sites to verify software deliveries.  

Standardized organizational 
process framework 

9,20 [30],[105] Process maturity 
Use of any standard process frame work e.g. 
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CMMI 
Right involvement and 
understanding of requirements 
analysis 

10 [7] Clearly understanding of requirements 
through discussing it again and again. This 
results Optimal design and software 
components. 

Top-down integration strategy 
of the  
system 

11 [7] Integration starts with a frame that fulfills 
basic functionality of the system and later 
more components added. 

Availability of stable 
architecture 

12,Js3 [7],[J] Requirement of the components integration 
are clearly specified? 

Stepwise integration with early 
user participation 

13,Ks2 [46],[K] Step-wise reduces the risk and allows both 
the business process and the development 
project people to learn early and continuous 
feedback regarding consistency and 
functionality. 

Interoperability to link 
interdependent component 
completion 

14 [83] Two ways of interoperability for the 
component integration. 
1. Rules, plans and standards in order to 

adjust task performance 
2. Mutual feedbacks, adjustments and 

discussion during integration to align 
team member work. 

Developer's Communication  16,Bs2,Fs3 [84],[B],[F] Developers face to face communication in 
integration phases 

Using different process with 
clearly specifying and dividing 
the work 

17,25 [95],[19] Uniform processes at all sites and stable 
builds The team that communicates, values 
each other and shares a purpose, integrates 

Iterative process with frequent 
 Deliveries 

18 [45] Long time independent development create 
problems Iterative process make sure  good 
tested components 

Modularization of work 19 [18] Encouraged clear and firm interfaces 
between modules 

Minimize interdependencies and 
de-coupling 

22,Bs1  [100],[B] Use of daily builds to overcome early 
integration problems. Minimize 
interdependencies and decoupling 
Mini water-fall cycle 

Communication Plan As1,Fs1,Es
3 

[A],[F],[E] Use of Internet, e-mail, instant messaging, 
video conferencing, work tools and Project 
Management software. 

SRD Specified and detailed 
Requirement Design 
Documentation 

24,As2,Hs1
,Is2,Ks3,Es
2 

[19],[A],[H],[I],[K],[
E] 

The entire development, including logic and 
coding must be documented. If very detailed 
specifications not provided its  "open to 
interpretation" by teams in other parts of the 
world. Ability that each location can build 
the whole system locally 

Terms & Conditions As3 [A] All parties agreed on each and every type of 
terms and conditions 

Version Configuration Cs1,Fs2 [C],[F] Make sure that which version of which 
component is compatible 

Definite date for code stop and 
all modules versions locked with 
marked compatible versions 

Cs2 [C] Version lock avoids last time changes. All 
issues then counted should be known issues 
and suggestions for next release  

Visual Conference on SRS Cs3,Hs2,Ks
4,Es1 

[C],[H],[K],[E] Different members discussing SRS through 
visual conference 
Instant communication  

Testing hardware compatibility Cs4 [C] Testing on same hardware which customer 
have 

Requirements Clarification 
discussions and meetings 

Ds1 [D] Well discussed requirements and 
documented before starting work on the 
project. 

Quality Assurance procedure 
and plan 

Ds2 [D] All possible test cases after requirements are 
clear 
Modules level test applications so that 
developers can check stability of their 
modules before releasing them for integration 

Weekly meetings Ds3,Bs3 [D],[B] Progress of teams discussed in weekly 
meetings to find any deviation so that can be 



35 
 

verified and fixed early before integration 
starts. 

Uniform standard of Coding Gs1,Js1 [G],[J] Uniform standards of coding at each site 
Proper protocol to move code from 
Development to QA to Production 

Consistency of the Development 
Environment 

Gs2 [G] No last time surprises at the time of 
integration. Consistency of environment 
means e.g.  JDK Version, Application Server 
Version, Run Time Environment version etc. 

Product Champions 26,Gs3 [19],[G] Experts in integration make the process easy 
The vision, knowledge and intellect are 
handful at crunch and in crisis. 

Robust Design and Smart 
Implementation 

Gs4 [G] Keep It Simple and Straight 

Step-by-Step development Hs3 [H] Easy for project manager to judge 
capabilities of each team member 

Choice of right Process 
Model(Agile/Scrum based) 

Is1 [I] Agile/Scrum based process models  

Frequent Review Is3,Kf2 [I],[K] Frequent review of the progress of 
deliverables by the stake holders.  
Particularly feedback, in particular regarding 
consistency, functionality, performance etc. 

Critical Paths Identification Js2 [J] Work Units must be defined and developed 
according to well defined critical paths and 
dependencies. 

 

3.8 Result of Delphi Round2: Validation of Consolidated Factors Lists  

Authors of the study did not receive any comment from any expert, as they were all found to be 
satisfied with the consistency of the (failure and success) factors lists after consolidation process. 

3.9 Result of Delphi Round 3: Narrowing Down Failure and Success Factors Lists 

In this round, authors of the study analyzed all the experts’ responses separately, and identified 
failure and success factors that were selected by over 50% (6/11) of the experts as very important and 
5 and 4 out of 11 as important.      

3.9.1 List of Important Failure Factors 

Table 11 Important Failure Factors Selected by Delphi Experts 

Factor 
No. 

Failure Factor Title Identified As Important 
By Number Of Expert(s) 

Marked As Important 

1 Lack Informal and External communication 8 Very Important 
2 Different processes, techniques and standards 

on remote location 
7 Very Important 

3 Communication gap between teams at 
different sites due to different language 

7 Very Important 

4 Assigned unclear responsibilities and missing 
integration strategy and plan   

6 Very Important 

5 High time zone difference 6 Very Important 
6 long-term lack of awareness activities in 

remote site 
5 Important 

7 Inadequate understanding of requirements and 
interface issues 

5 Important 

8 Lack of coordination between remote teams 5 Important 
9 Rapidly changing requirements and 

unexpected technical interdependencies. 
4 Important 

10 Lack of detailed specification documentation 
for Global teams 

4 Important 
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11 Poorly communicated module 
objectives/requirements 

4 Important 

 

3.9.2 List of Important Success Factors 

Table 12 Important Success Factors Selected By Delphi Experts 

Factor 
No. 

Success Factor Title Identified As Important By 
Number Of Expert(S) 

Marked As 
Important 

1 Developer's Communication 8 Very Important 
2 Incremental integration and regulars deliveries 6 Very Important 
3 Standardized organizational process 

framework 
6 Very Important 

4 Visual Conference on SRS 6 Very Important 
5 Planning and executing integration activities 

at early stages of development 
5 Important 

6 Quality Assurance procedure and plan 5 Important 
7 Frequent Review 5 Important 
8 Multi-site team building and cross functional 

teams 
4 Important 

9 Right involvement and understanding of 
requirements analysis 

4 Important 

10 Stepwise integration with early user 
participation 

4 Important 

11 Modularization of work 4 Important 
12 Communication Plan 4 Important 
13 SRD Specified and detailed Requirement 

Design Documentation 
4 Important 

14 Choice of right Process Model(Agile/Scrum 
based) 

4 Important 

 

3.10 Result of Delphi round 4: Ranking Relevant Failure and Success Factors  

The following prioritized lists were received from Delphi experts against questionnaire 4. 

3.10.1  Prioritized Lists of Failure Factors  

Table 13 Prioritized Lists of Failure Factors Shows Ranks Assigned by 11 Experts, independently 

Failure Factor Title Ex.A Ex.B Ex.C Ex.D Ex.E Ex.F Ex.G Ex.H Ex.I Ex.J Ex.K 

Lack of informal and external 
communication 7 4 8 3 5 4 4 4 7 4 2 

Communication gap between 
teams at different sites due to 
different language 

6 5 7 6 6 8 7 3 4 5 7 

Different processes, techniques 
and standards on remote 
location 

8 8 1 8 7 5 3 6 5 6 5 

Assigned unclear responsibilities 
and missing integration strategy 
and plan   

9 10 10 7 8 6 6 9 8 10 6 

High time zone difference 11 11 9 10 9 11 10 11 11 11 10 
Inadequate understanding of 
requirements and interface 
issues 

3 2 6 1 2 3 9 5 2 3 4 

Long term lack of awareness 
activities at remote site 10 9 5 11 4 10 8 10 10 7 1 

Lack of coordination between 
remote team 2 3 3 4 3 2 1 2 6 2 3 

Rapidly changing requirements 4 6 4 5 11 7 5 7 3 8 8 
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and unexpected technical 
interdependencies 
Lack of detailed specification 
documentation for global teams 5 7 11 9 10 9 11 8 9 9 9 

Poorly communicated module 
objectives/requirements 1 1 2 2 1 1 2 1 1 1 11 

 

3.10.2  Prioritized List of Success Factors  

Table 14 Prioritized lists of Success Factors Shows Ranks Assigned by 11 Experts, independently 
Success Factor Title Ex.A Ex.B Ex.C Ex.D Ex.E Ex.F Ex.G Ex.H Ex.I Ex.J Ex.K 

Developer's Communication  1 2 1 6 9 3 1 9 1 8 2 
Standardized organizational 
process framework 

11 9 10 3 5 11 9 7 11 13 10 

Incremental integration and 
regulars deliveries  

14 7 13 12 14 7 11 10 12 2 6 

Visual Conference on SRS 7 6 2 11 2 14 7 1 9 14 3 
Quality Assurance procedure 
and plan 

9 8 8 7 8 9 5 13 6 3 14 

Frequent Review 13 13 14 14 13 10 13 12 14 10 7 
Planning and executing 
integration activities at early 
stages of development 

12 11 9 8 4 8 10 11 8 5 5 

Multi-site team building and 
cross functional teams 

8 14 11 10 12 13 14 14 13 4 12 

Stepwise integration with early 
user participation 

6 12 12 4 10 6 8 4 7 12 8 

Right involvement and 
understanding of requirements 
analysis 

4 5 3 13 1 4 3 2 2 7 9 

Communication Plan 2 3 7 1 7 1 2 5 3 9 1 
SRD Specified and detailed 
Requirement Design 
Documentation 

10 1 4 2 6 2 4 3 4 6 4 

Modularization of work 5 10 5 5 11 12 12 8 10 11 11 
Choice of right Process 
Model(Agile/Scrum based) 

3 4 6 9 3 5 6 6 5 1 13 

 

3.10.3 Analyzing the Responses from the Fourth Questionnaire 

Before applying Kendall’s coefficient of concordance on the results of round 4 (Ranking 
exercises), authors analyzed each (failure and success) factor particular ranking frequency that was 
independently assigned by each expert, to analyze the maximum rank frequency assigned by 11 
experts to each failure and success factor separately.  

3.10.3.1  Exclusive Rank Assigned By the Number of Experts to Each Failure Factor in Round 4 

Table 15 Exclusive Rank Assigned by 11 Experts to Each Failure Factor 

Failure Factor Title R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 
Lack of informal and 
external communication  1 1 5 1  2 1    

Communication gap 
between teams at different 
sites due to different 
language 

  1 1 2 3 3 1    

Different processes, 
techniques and standards 
on remote location 

1  1  3 2 1 3    

Assigned unclear 
responsibilities and      3 1 2 2 3  
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missing integration 
strategy and plan   
High time zone difference         2 3 6 
Inadequate understanding 
of requirements and 
interface issues 

1 3 3 1 1 1   1   

Long term lack of 
awareness activities at 
remote site 

1   1 1  1 1 1 4 1 

Lack of coordination 
between remote team 1 4 4 1  1      

Rapidly changing 
requirements and 
unexpected technical 
interdependencies 

  1 2 2 1 2 2   1 

 
Lack of detailed 
specification 
documentation for global 
teams 

     
1   

1 
 

1 
 

5 
 

1 
 

2 

Poorly communicated 
module 
objectives/requirements 

7 3         1 

 

3.10.3.2  Exclusive Rank Assigned By the Number of Experts to Each Success Factor in Round 4 

Table 16 Exclusive Rank Assigned by 11 Experts to Each Success Factor 

Success Factor 
Title 

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 R12 R13 R14 

Developer's 
Communication  4 2 1   1  1 2      

Standardized 
organizational 
process framework 

  1  1  1  2 2 3  1  

Incremental 
integration and 
regulars deliveries  

 1    1 2   1 1 2 1 2 

Visual Conference 
on SRS 1 2 1   1 2  1  1   2 

Quality Assurance 
procedure and 
plan 

  1  1 1 1 3 2    1 1 

Frequent Review       1   2  1 4 3 
Planning and 
executing 
integration 
activities at early 
stages of 
development 

   1 2   3 1 1 2 1   

Multi-site team 
building and cross 
functional teams 

   1    1  1 1 2 2 3 

Stepwise 
integration with 
early user 
participation 

   2  2 1 2  1  3   

Right involvement 
and understanding 
of requirements 
analysis 

1 2 2 2 1  1  1    1  

Communication 
Plan 3 2 2  1  2  1      

SRD Specified and 
detailed 1 2 1 4  2    1     
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Requirement 
Design 
Documentation 
Modularization of 
work     3   1  2 3 2   

Choice of right 
Process 
Model(Agile/Scrum 
based) 

1  2 1 2 3   1     1 

 

3.11 Applying Kendall’s Coefficient of Concordance on the Results 

Step 1 

As authors’ null hypothesis was that the rankings patterns of 11 sets of experts are independent for 
(n = 11 failure and n= 14 success) sets of  factors [69] [70]. The alternative hypothesis was that a 
significant agreement exists among the 11 experts in the ranking of different failure and success 
factors[69] [70]. 

Step 2 

Authors arranged the data received from each expert independently in a tabular form wherein the 
columns represented different experts and the rows represented different factors see (section 3.5.1, 
table 13, for failure factors prioritized list and section 3.5.2, table 14, for success factors prioritized 
list) 

Step 3 

Calculated the sum of ranks for each row (that is, assigned ranks for each failure and success factor 
by each expert) and call them 𝑅𝑗(𝑓𝑎𝑖𝑙𝑢𝑟𝑒) and 𝑅𝑗(𝑠𝑢𝑐𝑐𝑒𝑠𝑠) , respectively. 

∑ 𝑅𝑗(𝑓𝑎𝑖𝑙𝑢𝑟𝑒) 
11
j=1  = 726,  ∑ 𝑅𝑗(𝑠𝑢𝑐𝑐𝑒𝑠𝑠) 

14
j=1  = 1155 

Step 4  

Calculated the mean for both 𝑅𝑗(𝑓𝑎𝑖𝑙𝑢𝑟𝑒) and 𝑅𝑗(𝑠𝑢𝑐𝑐𝑒𝑠𝑠), this was computed by summating all 
𝑅𝑗(𝑓𝑎𝑖𝑙𝑢𝑟𝑒)’𝑠 and 𝑅𝑗(𝑠𝑢𝑐𝑐𝑒𝑠𝑠)’𝑠  dividing the sum by the number of columns i.e. (total number of 
experts) 

          𝑅′𝑗(𝑓𝑎𝑖𝑙𝑢𝑟𝑒) = ∑ 𝑅𝑗(𝑓𝑎𝑖𝑙𝑢𝑟𝑒) 
11
j=1  /11= 66,           𝑅′𝑗(𝑠𝑢𝑐𝑐𝑒𝑠𝑠) = ∑ 𝑅𝑗(𝑠𝑢𝑐𝑐𝑒𝑠𝑠) 

14
j=1  /11 = 105 

Step 5 

Calculated the value of ‘S’ for both failure and success factors which were nothing but the squared 
deviation of each 𝑅𝑗(𝑓𝑎𝑖𝑙𝑢𝑟𝑒) from 𝑅′𝑗(𝑓𝑎𝑖𝑙𝑢𝑟𝑒)  and 𝑅𝑗(𝑠𝑢𝑐𝑐𝑒𝑠𝑠) from 𝑅′𝑗(𝑠𝑢𝑐𝑐𝑒𝑠𝑠). That were, 

∑(𝑅𝑗(𝑓𝑎𝑖𝑙𝑢𝑟𝑒) 
–𝑅′𝑗(𝑓𝑎𝑖𝑙𝑢𝑟𝑒) 

) 2  = S(failure)=8040, ∑(𝑅𝑗(𝑠𝑢𝑐𝑐𝑒𝑠𝑠) 
–𝑅′𝑗(𝑠𝑢𝑐𝑐𝑒𝑠𝑠) 

) 2  = S(success)= 18833 

Step  6 

Applied the formula to calculate the Kendall’s W coefficient for both failure and success factors, 

𝑊(𝑓𝑎𝑖𝑙𝑢𝑟𝑒) = 12𝑠(𝑓𝑎𝑖𝑙𝑢𝑟𝑒)
𝐾2(𝑛3−𝑛)

 = 0.6040571, 𝑊(𝑠𝑢𝑐𝑐𝑒𝑠𝑠) = 12𝑠(𝑠𝑢𝑐𝑐𝑒𝑠𝑠)
𝐾2(𝑛3−𝑛)

 = 0.684152211 
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Step 7 

As Kendall’s W only tells the degree of agreement among the ranks assigned by the different 
experts on different failure and success factors [69]. Therefore, authors tested the significance of W 
through critical value of χ2[69].  

𝜒2(𝑓𝑎𝑖𝑙𝑢𝑟𝑒) = 𝑘(𝑛 − 1)𝑊=66.44628099, 𝜒2(𝑠𝑢𝑐𝑐𝑒𝑠𝑠) = 𝑘(𝑛 − 1)𝑊=97.83376623 

Step 8 

Authors located the critical value of χ2 for both failure and success through the table given in  [70] 
, containing the chi-square distribution values. In addition, authors located the corresponding critical 
chi-square values for both failure and success factors at ‘.001 level of significance’ on ‘n-1 degree of 
freedom’ [52] [53] [55] [70]. As for both failure and success factor number of experts were n=11 

 
df (failure, success) =11-1=10 

Step 9 

Authors compared the calculated chi-square and critical chi-square values for both failure and 
success factor. 
 
𝜒2(𝑓𝑎𝑖𝑙𝑢𝑟𝑒) > 𝜒2(𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑣𝑎𝑙𝑢𝑒)= 66.45>29.6, 𝜒2(𝑠𝑢𝑐𝑐𝑒𝑠𝑠) > 𝜒2(𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑣𝑎𝑙𝑢𝑒)= 97.84>29.6 

By comparing the calculated chi-square value with critical chi-square value for failure and success 
factor, authors examined that the calculated chi-square value for both failure and success were greater 
than the critical value of chi-square at ‘.001 level of significance’[52] [55]. Hence, authors concluded 
that the null hypothesis (that was, there is no agreement among the experts ranking of different failure 
and success factor  among the experts) was rejected[68]. By doing this authors also concluded that 
there existed a considerable but significant agreement among the experts as to the ranking of different 
failure and success factors were concerned [68].  

Moreover, after calculating Kendall coefficient of concordance (W), the value of W for both 
failure and success factors were 

𝑊(𝑓𝑎𝑖𝑙𝑢𝑟𝑒)= 0.6040571, 𝑊(𝑠𝑢𝑐𝑐𝑒𝑠𝑠) = 0.684152211 
 

By analyzing W’s value for both failure and success factors ranking analysis, authors achieved the 
following confidence level in ranks in first ranking exercise.  
                                                                                                                   
Table 17 Interpretations of Kendall’s W (Adopted from [53]) 

W Interpretation Confidence in Rank W(failure) W(Success) 

.1 Very week agreement  None   

.3 Week agreement Low   

.5 Moderate agreement Fair     

.7 Strong agreement High   

.9 Very strong agreement Very high   
 

After calculating the concordance among all experts, the W value suggested that there is need to 
proceed in the ranking [52]. According to [52],  If W is less than 0.7, the ranking questionnaire must 
be resent to the experts by the authors. Authors reiterated this ranking process in terms of another 
Delphi round(5) to reach one of two stopping criteria[52]:  

 
 W would reach a value of 0.7, indicating a satisfactory level of concordance 
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 Following Schmidt’s [52] suggestion, authors could stop iterating if the mean rankings for 
two successive rounds were not significantly different. 

3.12 Result of Delphi Round5: Re-ranking Relevant Failure and Success Factors  

Questionnaire 5 results: Ranking the Selected Failure and Success Factors  

The following results were received in 5th re-ranking round of relevant failure and success factor 
from Delphi experts. 

3.12.1 Re-Prioritized Lists of Failure Factor     

Table 18 Re-prioritized Lists of Failure Factors 

Failure Factor Title Ex.A Ex.B Ex.C Ex.D Ex.E Ex.F Ex.G Ex.H Ex.I Ex.J Ex.K 

Lack of informal and external 
communication 4 8 7 5 4 4 1 3 8 4 2 

Communication gap between 
teams at different sites due to 
different language 

6 5 8 7 5 7 2 4 5 6 9 

Different processes, techniques 
and standards on remote 
location 

5 6 2 6 6 5 5 5 6 5 11 

Assigned unclear responsibilities 
and missing integration strategy 
and plan   

9 4 9 8 9 8 10 10 4 9 3 

High time zone difference 11 11 10 10 11 11 11 11 11 11 10 
Inadequate understanding of 
requirements and interface 
issues 

3 3 6 2 2 2 6 6 3 3 4 

Long term lack of awareness 
activities at remote site 8 7 5 9 8 9 7 8 7 8 1 

Lack of coordination between 
remote team 2 1 4 4 3 3 4 2 1 2 5 

Rapidly changing requirements 
and unexpected technical 
interdependencies 

7 10 3 5 7 6 8 7 10 7 6 

Lack of detailed specification 
documentation for global teams 10 9 11 11 10 10 9 9 9 10 7 

Poorly communicated module 
objectives/requirements 1 2 1 1 1 1 3 1 2 1 8 

 

3.12.2  Re-Prioritized Lists of Success Factor  

Table 19 Re-prioritized List of Success Factors 

Success Factor Title Ex.A Ex.B Ex.C Ex.D Ex.E Ex.F Ex.G Ex.H Ex.I Ex.J Ex.K 

Developer's Communication  2 2 2 2 2 3 14 3 12 2 7 
Standardized organizational 
process framework 11 9 10 9 10 7 2 9 9 10 9 

Incremental integration and 
regulars deliveries  14 13 13 10 11 13 1 11 1 12 4 

Visual Conference on SRS 7 10 8 11 9 10 3 13 13 6 1 
Quality Assurance procedure 
and plan 10 8 7 8 7 11 9 8 8 8 12 

Frequent Review 13 14 14 13 14 12 4 14 2 14 14 
Planning and executing 
integration activities at early 
stages of development 

12 7 9 7 8 8 5 7 7 9 5 

Multi-site team building and 
cross functional teams 9 12 12 14 13 14 12 10 14 13 11 

Stepwise integration with early 4 6 6 6 6 6 13 5 3 7 6 
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user participation 
Right involvement and 
understanding of requirements 
analysis 

3 5 5 5 4 5 6 6 5 4 8 

Communication Plan 1 1 1 1 1 1 7 1 10 1 3 
SRD Specified and detailed 
Requirement Design 
Documentation 

8 3 3 3 3 2 8 2 6 3 2 

Modularization of work 5 11 11 12 12 9 10 12 11 11 13 
Choice of right Process 
Model(Agile/Scrum based) 6 4 4 4 5 4 11 4 4 5 10 

 

3.12.3 Analyzing the Responses from the Fifth Questionnaire 

Again before applying Kendall’s coefficient of concordance on the results of round 5 (Ranking 
exercises), authors analyzed each (failure and success) factor particular ranking frequency that was  
independently assigned by each expert, to analyze the maximum rank frequency assigned by 11 
experts to each failure and success factor separately.  

3.12.4  Exclusive Rank Assigned By the Number of Authors to Each Failure Factor in Round 5 

Table 20 Exclusive Rank Assigned to Each Failure Factor by 11 Experts 

Failure Factor Title R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 
Lack of informal and external communication 1 1 1 4 1  1 2    
Communication gap between teams at different 
sites due to different language 

 1  1 3 2 2 1 1   

Different processes, techniques and standards on 
remote location 

 1   5 4     1 

Assigned unclear responsibilities and missing 
integration strategy and plan   

  1 2    2 4 2  

High time zone difference          3 8 
Inadequate understanding of requirements and 
interface issues 

 3 4 1  3      

Long term lack of awareness activities at remote 
site 

1    1  3 4 2   

Lack of coordination between remote team 2 3 2 3  1      
Rapidly changing requirements and unexpected 
technical interdependencies 

  1  1 2 4 1  2  

Lack of detailed specification documentation for 
global teams 

      1  4 4 2 

Poorly communicated module 
objectives/requirements 

7 2 1     1    

 

3.12.5  Exclusive Rank Assigned By the Number of Authors to Each Success Factor in Round 5 

Table 21 Exclusive Rank Assigned to Each Success Factor by 11 Experts 

Success Factor Title R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 R12 R13 R14 
Developer's 
Communication   6 2    1     1  1 

Standardized 
organizational process 
framework 

 1     1  5 3 1    

Incremental integration 
and regulars deliveries  2   1      1 2 1 3 1 

Visual Conference on SRS 1  1   1 1 1 1 2 1  2  
Quality Assurance 
procedure and plan       2 5 1 1 1 1   

Frequent Review  1  1        1 2 6 
Planning and executing     2  4 2 2   1   
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integration activities at 
early stages of development 
Multi-site team building 
and cross functional teams         1 1 1 3 2 3 

Stepwise integration with 
early user participation   1 1 1 6 1      1  

Right involvement and 
understanding of 
requirements analysis 

  1 2 5 2  1       

Communication Plan 8  1    1   1     
SRD Specified and detailed 
Requirement Design 
Documentation 

 3 5   1  2       

Modularization of work     1    1 1 4 3 1  
Choice of right Process 
Model(Agile/Scrum based)    6 2 1    1 1    

 

3.13 Applying Kendall’s Coefficient of Concordance on the Results 

Step 1 

As authors’ null hypothesis was that the rankings patterns of 11 sets of experts are independent for 
(n = 11 failure and n= 14 success) sets of  factors [69] [70]. The alternative hypothesis was that a 
significant agreement existed among the 11 experts in the ranking of different failure and success 
factors [69] [70]. 

 
Step 2 

Authors arranged the data received from each expert independently in a tabular form wherein the 
columns represented different experts and the rows represented different factors see (section 3.7.1, 
table 18, for failure factors re-prioritized list and section 3.7.2, table 19, for success factors re-
prioritized list) 

Step 3 

Calculated the sum of ranks for each row  

∑ 𝑅𝑗(𝑓𝑎𝑖𝑙𝑢𝑟𝑒) 
11
j=1  = 728,  ∑ 𝑅𝑗(𝑠𝑢𝑐𝑐𝑒𝑠𝑠) 

14
j=1  = 1155 

Step 4  

Calculated the mean for both 𝑅𝑗(𝑓𝑎𝑖𝑙𝑢𝑟𝑒) and 𝑅𝑗(𝑠𝑢𝑐𝑐𝑒𝑠𝑠) 

          𝑅′𝑗(𝑓𝑎𝑖𝑙𝑢𝑟𝑒) = ∑ 𝑅𝑗(𝑓𝑎𝑖𝑙𝑢𝑟𝑒) 
11
j=1  /11= 66.18181818,           𝑅′𝑗(𝑠𝑢𝑐𝑐𝑒𝑠𝑠) = ∑ 𝑅𝑗(𝑠𝑢𝑐𝑐𝑒𝑠𝑠) 

14
j=1  /11 = 105 

Step 5 

Calculated the value of ‘S’ for both failure and success factors  

∑(𝑅𝑗(𝑓𝑎𝑖𝑙𝑢𝑟𝑒) 
–𝑅′𝑗(𝑓𝑎𝑖𝑙𝑢𝑟𝑒) 

) 2  = S(failure)= 8847.6364, ∑(𝑅𝑗(𝑠𝑢𝑐𝑐𝑒𝑠𝑠) 
–𝑅′𝑗(𝑠𝑢𝑐𝑐𝑒𝑠𝑠) 

) 2  = S(success)= 20731 

Step 6  

Applied the formula to calculate the Kendall’s W coefficient for both failure and success factors, 
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𝑊(𝑓𝑎𝑖𝑙𝑢𝑟𝑒) = 12𝑠(𝑓𝑎𝑖𝑙𝑢𝑟𝑒)
𝐾2(𝑛3−𝑛)

 = 0.664736015, 𝑊(𝑠𝑢𝑐𝑐𝑒𝑠𝑠) = 12𝑠(𝑠𝑢𝑐𝑐𝑒𝑠𝑠)
𝐾2(𝑛3−𝑛)

 = 0.753101444 

Step 7 

Tested the significance of W through critical value of χ2[69].  

𝜒2(𝑓𝑎𝑖𝑙𝑢𝑟𝑒) = 𝑘(𝑛 − 1)𝑊= 73.12096168, 𝜒2(𝑠𝑢𝑐𝑐𝑒𝑠𝑠) = 𝑘(𝑛 − 1)𝑊= 107.6935065 

Step 8 

Located the corresponding critical chi-square values for both failure and success factors at .001 
level of significance’ on ‘n-1 degree of freedom’ [52] [53] [66] [70]. 

 
df (failure, success) =11-1=10 

Step 9 

Compared the calculated chi-square and critical chi-square values for both failure and success 
factor. 
 
𝜒2(𝑓𝑎𝑖𝑙𝑢𝑟𝑒) > 𝜒2(𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑣𝑎𝑙𝑢𝑒)=73.128>29.6, 𝜒2(𝑠𝑢𝑐𝑐𝑒𝑠𝑠) > 𝜒2(𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑣𝑎𝑙𝑢𝑒)=107.69>29.6 

By comparing the calculated chi-square value with critical chi-square value for failure and success 
factor, authors re-examined that the calculated chi-square value for both failure and success was 
greater than the critical value of chi-square at ‘.001 level of significance’[52] [55]. Hence, authors 
again concluded that the null hypothesis (that was, there is no agreement among the experts ranking of 
different failure and success factor  among the experts) was rejected [68] [70]. Moreover, by doing 
this authors also concluded that there existed a considerable but significant agreement among the 
experts as to the ranking of different failure and success factors was concerned [68] [70].  
Moreover, after calculating Kendall coefficient of concordance (W), the value of W for both failure 
and success factors was 

𝑊(𝑓𝑎𝑖𝑙𝑢𝑟𝑒)= 0.664736015, 𝑊(𝑠𝑢𝑐𝑐𝑒𝑠𝑠) = 0.753101444 
 

By analyzing W’s value for both failure and success factors after again performing the ranking 
analysis; authors achieved the following confidence level in ranks in first ranking exercise.  
                                                                                                       
Table 22 Interpretations of Kendall’s W (Adopted from [53]) 

W Interpretation Confidence in Rank W(failure) W(Success) 

.1 Very week agreement  None   

.3 Week agreement Low   

.5 Moderate agreement Fair    

.7 Strong agreement High    

.9 Very strong agreement Very high   

 
After calculating the concordance among all experts, the W value found to be stronger than 

previous round that was .67 from moderate to high for failure factors and .75 strong agreements for 
success factors. Thus having guidelines of many practitioners [69] [70] especially [52],  authors 
stopped the ranking exercise by following any one of two stopping criteria [52]:  

 
 W would reach a value of 0.7, indicating a satisfactory level of concordance 
 According to Schmidt’s [52], authors could stop iterating if the mean rankings for two 

successive rounds were not significantly different. 
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3.13.1 Analysis of Mean Rankings of Failure Factors Delphi Round4 And 5  

Table 23 Difference between Mean Rankings of Failure Factors Calculated in Round 4 and 5 

Failure Factor Title Mean Rankings Round 4 Mean Rankings Round 5 

Lack of informal and external communication 4.72727273 4.54545455 
Communication gap between teams at different sites due to 
different language 5.81818182 5.81818182 

Different processes, techniques and standards on remote 
location 5.63636364 5.63636364 

Assigned unclear responsibilities and missing integration 
strategy and plan   8.09090909 7.54545455 

High time zone difference 10.3636364 10.7272727 
Inadequate understanding of requirements and interface 
issues 3.63636364 3.63636364 

Long term lack of awareness activities at remote site 7.72727273 7 
Lack of coordination between remote team 2.81818182 2.81818182 
Rapidly changing requirements and unexpected technical 
interdependencies 6.18181818 6.90909091 

Lack of detailed specification documentation for global 
teams 8.81818182 9.54545455 

Poorly communicated module objectives/requirements 2.18181818 2 
 

 
Figure 15 Difference between Mean Ranking of Failure Factor of Round 4 and 5 
 

 

3.13.2 Analysis of mean rankings of success factors Delphi round 4 and 5 
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Table 24Difference of Mean Rank of Success Factors Calculated in Round 4 and 5 

Failure Factor Title Mean Rankings Round 4 Mean Rankings round 5 

Developer's Communication  3.90909091 4.63636364 
Standardized organizational process framework 9 8.63636364 
Incremental integration and regulars deliveries  9.81818182 9.36363636 
Visual Conference on SRS 6.90909091 8.27272727 
Quality Assurance procedure and plan 8.18181818 8.72727273 
Frequent Review 12.0909091 11.6363636 
Planning and executing integration activities at early stages 
of development 8.27272727 7.63636364 

Multi-site team building and cross functional teams 11.3636364 12.1818182 
Stepwise integration with early user participation 8.09090909 6.18181818 
Right involvement and understanding of requirements 
analysis 4.81818182 5.09090909 

Communication Plan 3.72727273 2.54545455 
SRD Specified and detailed Requirement Design 
Documentation 4.18181818 3.90909091 

Modularization of work 9.09090909 10.6363636 
Choice of right Process Model(Agile/Scrum based) 5.54545455 5.54545455 
 

 

Figure 16  Difference between Mean Ranks of Success Factor of Round 4 and 5 

Analysis of difference between mean rankings of failure and success factors calculated in 
phase/round 4 and 5 clearly showed that, authors of the study did not find significant difference 
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between mean rankings of two successive Delphi rounds. Thus after meeting one of two stopping 
criteria, authors stopped ranking exercise after fifth round of Delphi survey.  

Note: the value of W for success factors in round 5 was also almost 0.7 i.e. .67. 

Table 25 Stopping Criteria for Ranking Exercise 

Stopping criteria W for Failure factor W for Success factor 
W reach a value of 0.7    
The mean rankings for two 
successive rounds doesn’t 
significantly different. 

   

 

3.14 Final Ranks of Failure and Success Factors 

According to Kendall “the best estimate of the ‘true’ ranking of N objects is provided, when W is 
significant, by order of the various sums of Rj or equivalently, the average rankings R’j .If one accept 
the criteria which the various judges have agreed upon (as evidenced by the magnitude and 
significance of W) in ranking the N entities, then the best estimate of the ‘true’ ranking of those 
estimates is provided by the order of the sums (or average) ranks. This ‘best estimate’ is associated, 
in a certain sense, with a least square estimate.  ”[70]. Thus by following Kendall’s suggestions, 
authors produced the final rankings of failure and success factors lists by the order of their sums of 
ranks assigned by all 11 experts in Delphi round5. 

3.14.1 Final Rankings (Prioritized List) Of Failure Factors 

Table 26 Final Ranks of Failure Factors 

Factors name Ranks sums  Final Rank 
Poorly communicated module objectives/requirements 22 1 
Lack of coordination between remote teams 31 2 
Inadequate understanding of requirements and interface issues 40 3 
Lack of Informal and External communication 50 4 
Different processes, techniques and standards on remote location 62 5 
Communication gap between teams at different sites due to different 
language 

64 6 

Rapidly changing requirements and unexpected technical 
interdependencies. 

76 7 

long-term lack of awareness activities in remote site 77 8 
Assigned unclear responsibilities and missing integration strategy 
and plan   

83 9 

Lack of detailed specification documentation for Global teams 105 10 
High time zone difference 118 11 
 

3.14.2 Final Rankings (Prioritized List) Of Success Factors 

Table 27 Final Rankings of Success Factors 

Factors name Ranks sums  Final 
Rank 

Communication Plan 28 1 
SRD Specified and detailed Requirement Design Documentation 43 2 
Developer's Communication  51 3 
Right involvement and understanding of requirements analysis 56 4 
Choice of right Process Model(Agile/Scrum based) 61 5 
Stepwise integration with early user participation 68 6 
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Planning and executing integration activities at early stages of 
development 

84 7 

Visual Conference on SRS 91 8 
Standardized organizational process framework 95 9 
Quality Assurance procedure and plan 96 10 
Incremental integration and regulars deliveries  103 11 
Modularization of work 117 12 
Frequent Review 128 13 
Multi-site team building and cross functional teams 134 14 
 
Note: In above final failure and success factors prioritized lists ordinal scale was used to prioritize list 
in which rank 1 belongs to the most significant failure or success factor as their sums include high 
frequency of top ranks , and rank 11 as failure and 14 as success belongs to the least significant failure 
and success factor, respectively.  
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4 FAILURE AND SUCCESS FACTORS  
This chapter presents research summary of finally prioritized and ranked 11 failure while 14 

success factors.  Research summary of remaining 36 failure and 22 success factors is provided in 
Appendix G 

4.1  Research Summary of Finally Prioritized and Ranked Failure Factors 

This section discuss 11 finally prioritized and ranked failure factors by first providing summary 
each factor then discussing its details gathered from both (literature/Delphi experts) sources in form of 
research summary.  

4.1.1 Factor 1: Poorly Communicated Module Objectives/Requirements 

Expert Opinion: 

According to expert K, it is difficult to make modules right if one can’t see how it fits in the big 
picture. 

Literature and Expert references 

     Failure Factors Literature Reference Expert Opinion 
Poorly communicated module 
objectives/requirements 
 

 [Kf2] 

4.1.2 Factor 2: Lack of Coordination between Remote Teams 

Lack of coordination between remote teams’ leads to technical issues related to different parts of 
the system like ill tested components, redundant code and different priorities of the teams that leads to 
further delays which mainly surfaced at the time of integration. 

Research Summary: 

A study by Ovaska et al. [83] highlighted integration problem in multi-site software development 
by comparing multi-site (Client subsystem) and same-site (Server subsystem) software development 
in terms of a case study. According to study observation in multi-site development there are numerous 
coordination problems in the implementation of the final system. Due to this problem, the design of 
the interface developed between system components too late and the interface design between server 
and client subsystem had incorrect timing. Both problems caused huge changes and wasted work in 
the client subsystem. Moreover, these issues also affected the compatibility of the system component, 
which produced critical problem in integration and testing of the components that delayed the 
completion of the project [83]. 

A study [95] noted three types of coordination for more controlled management. These are 
technical, process and schedule events. Lack of frequent coordination leads to technical issues related 
to different parts of the system which mainly surfaced at the time of integration. These technical 
issues includes ill tested components, redundant code, ill or wrongly defined APIs appeared as a 
consequence, that leads to further delays [95]. Process coordination is observed mostly where 
different priorities of the teams conflicted or changes that lead teams to follow a different process or 
even when teams started the process of development without waiting approval from the design 
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department. This resulted re-adjusting or re-developing the development process to adjust the 
changes. The schedule coordination is related to the deadlines which not met or dependent software 
components that not completed in time to integrate the system [95]. 

In global teams, there is limited coordination mechanism to facilitate knowledge processes [96]. 
Subsequently, this problem creates numerous gaps between team members. Due to absence of 
transitive memory into global teams, interdependencies between product developed at remote sites 
face critical problems at the last moment and this further produces integration problems [96]. 

According to expert D opinion, if there is no one coordinating the development being done at 
different places then there is a potential risk of delays because of the inter dependencies of different 
modules. If there is one person coordinating the development than he can assign tasks as per 
dependency chart and hence save lot of time at the integration time. Modules can be integrated only if 
each has completed 100% of its specifications and that is only possible if someone is looking into 
their specifications and cross checking. 

Literature and Expert references 

     Failure Factors Literature Reference Expert Opinion 
Lack of coordination between 
remote teams 

[83],[95],[96] 
 

[DF3] 

 

4.1.3 Factor 3: Inadequate Understanding of Requirements and Interface Issues 

This problem occurred due to lack of common understanding in requirements, interface agreement 
and essential details about many important features in interface specification. 

Research Summary: 

According to [9], there are difficulties in shared understanding of the requirements and managing 
requirements changes. Requirement and interface agreements often wrongly interpreted and 
developers at one site often assume incorrect assumptions about the sub-systems, developed at other 
sites. These differences remain hidden during unit testing and appears while system integration where 
it is very costly to fix them. In interface specification there are lack of essential details about many 
important features e.g. message type, return types, assumptions about performance, constraints on 
input parameters and return values.  

The study [36], after exploring many case studies concluded that interfaces often changes and their 
design remain incomplete that leads to serious integration problems. Moreover even very simple 
interfaces between modules developed by remote teams produce coordination breakdown and that 
cause integration problems. Interfaces between software modules might differ regarding complexity 
and often it is not possible to specify those interfaces at the necessary level of detail that increases the 
chance of future changes to them. This lack of consistency remains a constant challenge for software 
development organizations.   

The study by Cataldo et al. [76] highlighted integration problem through a case study in which two 
teams participated. One was from Ireland and other from India. Ireland team was responsible for task 
A in iteration 2 and Indian team was responsible for task B in iteration 3. Task A was required to 
design several object classes and also specify properties and methods of those classes, whereas task B 
was related to implement a property editor that used the object classes defined in task A. During these 
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tasks, developers involved in both tasks, participated in three different discussion forums. The 
purpose behind this involvement was to focus on the technical details of implementation regarding 
task A. An issue arose when all the technical details were not captured correctly in design 
specification document. This mistake caused perennial problem in software development through a 
serious mismatch between the contents of the documentation and the real implementation. In addition 
as the Indian team was working on task B that guided primarily through outdated design specification. 
The result led to integration problems when they submitted their changes into version control system. 
It also delayed the completion of task B, significantly. In addition the study analyzed that the time 
zone difference between Indian team and central team (US the location of central team) was totally 
mismatched. As the Indian team was leaving for the night, the central team starts their work day at the 
same time. 

Interface specification is a critical part of any development effort, especially when it is distributed 
in nature [30]. The project in the study [30] used a contemporary solution to maintain the specification 
of their interfaces.  Interfaces are specified mainly by event tracing that showed series of messages 
among processes. Developers while building their software components also created simulators to 
represent other components that their code would need to interact with. Even before start of 
integration, it is clear that the interface specifications missed many crucial details, such as message 
type, return types, and assumptions about performance. It happened in many cases that the incomplete 
interface specifications allowed the developers to precede with different assumptions about other 
components and in initial attempt of integration these alternate assumptions are exposed. These 
assumptions remain hidden during unit testing and appeared at the time of integration [30].  

Lack of common understanding in requirements may produce poor design decisions and lead 
towards dramatic delay in the integration phase of the project [7]. Another study [49] describes that if 
requirements not clearly understood and conveyed, issues may not start to surface until integration, as 
the sites start feeling that their understanding about requirements are different. In one of the project 
e.g. the Japanese and USA markets varied very much in the details of how doctors interact with 
patients and these differences while interpreting requirements lead to subsequent differences as what 
information should be available for the users.  It is revealed to them very late that their domain experts 
leading them to different interpretation about product requirements. At the end it is difficult to 
integrate the application into real settings because it developed with different interpretations which 
did not original. 

A study by Wongthongtham et al. [46] noted that in multi-site software development if a 
component- based approach used by multiple remote team and each implementation group belongs to 
different sites, they can interpreted the component specifications or software requirements differently. 
Further, this difference in interpretation can lead to incompatible components and cause critical 
integration problems or failure. 

Another study by Wongthongtham et al. [86] described that if each implementation group resides 
at different locations, different interpenetration of software requirements or components specifications 
can initiate incompatible components or subsystems. This will cause critical integration problems. 

The study [19] findings describes that students worked in teams on different geographic locations. 
Some areas were independent while rest was common to local teams. Overall architecture of the 
system has to be common and the user interface needs to be uniform. At this position, to assist 
integration, a mailing list of all the team members created and a shared integration wiki regarding 
common artifacts was created. There was not much confidence between team members about quality 
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of each other’s work so multiple problems raised due to immaturity of the teams outside the class 
time. At the end of the project, few specific members refused to work with the team as per decided 
earlier. Integration at local level rise struggle if the members of the local teams do not start working as 
united team from day one. An expert C describes this factor that sometimes developers implement 
interface with their own understanding, so there is much problem in understanding the right 
requirement. 

Literature and Expert references 

Failure Factor Literature Reference Expert Opinion 
Inadequate understanding of 
requirements and interface 
issues 

[9] [36] [76] [30] [7] [49] [46] [86] [19] Cf3 
 

4.1.4 Factor 4: Lack of Informal and External Communication 

Lack of informal communication negatively affects the ability of individual to be aware of other 
teammate's activities and decisions, misunderstandings in design conventions, coordination 
mechanism that result in, integration problems. Lack of explicit communication makes difficult to 
know what to expect from the developers working on different sites and to predict about the exact 
time of completion and success of the project for contracting organization. 

Research Summary: 

A study by Cataldo [74] mentioned that the reduction in natural communication negatively affects 
the ability of individual to be aware of other teammate's activities and decision. The findings of the 
study [48] based on data of 189 different GSD projects. It described that reduced natural 
communication decreases the ability of project members to be alert of other people’s activities, 
decisions and difficulties that result in coordination breakdown, integration problems and eventually, 
defects in the system under development. Tracking information is very important in projects where 
code is remotely  developed and it is time to integrate the code on a phased schedule [49]. Late 
deliveries results in frustration to the developers working on other sites. Without explicit 
communication it is difficult to know what to expect from the developers working on different sites 
and for contracting organization it is not possible to predict about the exact time of completion and 
success of the project [49].  

Due to vulnerable to inadequate foresight and unexpected events, formal communication didn't 
provide such communication mechanism that is required to coordinate activities [83]. In addition lack 
of informal communications channels can produce problems in software development that further 
increase the development time. Due to these problems misunderstandings in design conventions and 
rationale also took place that lead to software integration problems. As the complexity and size of 
software increases, the requirements of supporting informal communication increases dramatically 
[83]. 

Cataldo et al. [84] describes that lack of communication between the teams create difficulties for 
module development as modules are rarely fully independent. In addition, information hiding is a 
primary concept to achieve modularity in software development that lead to minimal communication 
between distributed teams. As a result this leads to integration problems by creating variability in the 
evolution of different components. 
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In a study [19] where students worked on one single project, dependent on each other and worked 
according to different schedules. In addition,  answers to questions and feedback on their work was 
not always at time as it was expected, e.g. Indian students waiting for the requirements documents. 
They got delays in getting answers to their questions sent via email. Since the doubts in their minds 
were not resolved on time, they made assumptions about the database design. As deviation from 
specified or exact requirements is an integration risk. Moreover, this scenario reflects the problems 
that developers faced when working solely with written requirements and they have not much contact 
with the client [19].  

Expert B describes that current practice in software development is to write down each and 
everything in the form of requirement specification etc. It is really a challenge for the development 
team to get a thorough understanding of customer requirements by only going through this document. 
In order to overcome this hurdle more and more verbal communication is required in the form of 
Tele-conference, web conference etc 

Literature and Expert references 

Failure Factors Literature Reference Expert Opinion 
Lack of Informal and External 
communication 

[74] [48] [49] [83] [84] [19] 
 

[Bf1] 

4.1.5 Factor 5: Different Processes, Techniques and Standards at Remote Location 

This problem occurred due to different change management processes, development 
standardizations, quality models between the company and third party. 

Research Summary: 

Strategic issues relating to distribution of work across sites and process differences can create 
problems while synchronization and system integration [9]. By having separate processes at different 
locations e.g. change management process, early on this supported rapid development by allowing 
developers at each site to quickly adjust the changes in local build. However at the time of integration 
these separate processes made it difficult to integrate work of different sites. For example sometimes 
changes are found and both sites logged into change management systems and fixed twice that usually 
leads two new bugs [30] [43]. 

According to [30] the developers at different sites used a number of processes in their work to 
classify and structure the development environment. These processes developed during project 
development. However, at the time of integration a number of weaknesses with these processes are 
revealed. One reason to multiple site problem is to separate each site from another in certain ways. 
For example, the architecture of the product is divided into different sites so that each team worked on 
separate component of the product. Due to this separation, two change management processes evolved 
independently, one for each site. The advantage of this technique was that the local developers fixed 
the changes quickly and during the initial phases developers at both sites got timely information about 
the code. At the time of integration the processes adopted created additional effort for those 
responsible [30]. By using different collaboration processes in terms of differing development and 
change-management processes even using within one company but at different sites caused many 
problems especially during integration phase [79]. A study [45] identified challenges regarding 
difficulty of having a common set of development methods for distributed teams. The system 
integration difficulty includes the difference of the development standardization between the company 
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and third party. Third party had their own techniques and standards, even if they had allocated the 
work with the team at the contracting company. Regarding quality, one company had its processes 
based on quality models such as CMMI, while the processes of other company were not based on any 
quality model.  That led to difficulties in maintaining and setting quality of the software product.  

In an environment where multiple parties involved, developing software and managing version is a 
difficult task [29]. It becomes more difficult when each party has its own development and version 
management systems. Often during integration, problems occur due to the use of wrong or 
incompatible versions. Missing or inadequate configuration management is the main cause for 
compatibility errors between versions [29]. 

According to expert A, most large multi-tier applications are built and maintained by distributed 
teams, some or all of whom may be outsourced from other companies. Consequently, the acquiring 
organization often has little visibility or control over the quality of the software they are receiving. For 
various reasons, CMMI levels have not always guaranteed high quality software deliveries. To 
mitigate the risks of quality problems in externally supplied software, acquiring managers should 
implement quality targets in their contracts and a strong quality assurance gate for delivered software. 

Expert B describes that different style of working is another major factor. In different regions of 
the world people have different ways of doing work. So while working in an environment of one’s 
own for the development of a system which is going to be used in a completely different environment 
some time produce a lot of integration problems. 

Expert D mentioned, if different teams are working in different technologies or developing for 
different platforms, the integration becomes more challenging. The reason is that the developers don’t 
think about expectations of a different technology or platform requirements outside their scope. 

Expert G described this situation as if an enterprise that have offices at different locations and part 
of the world it is imperative to have a uniform standard across the board. Many of the projects do fail 
simply for the fact that “…Everyone has a NORTH of his own…” 

In Expert K view, it is sometimes difficult to build something that will be perceived as a 
homogenous product based on modules developed in different locations. 

Literature and Expert references 

Failure Factors Literature Reference Expert Opinion 
Different processes, techniques 
and standards on remote 
location 

[9] [43] [30] [79]  [45] [29]  
 

[A] [B] [D] [G] [K] 

4.1.6 Factor 6: Communication gap between Teams at Different Sites due to Different 
Language 

Different teams at different locations, often having different culture, different ethnic backgrounds 
and different language (English is not as a native language). This creates problems in clearly 
understanding the requirements. This remains hidden and surface in integration process.  

 

 



55 
 

Expert’s opinion: 

According to expert D, G, E and H, when teams are sitting at different locations, they may be from 
different ethnic backgrounds as well. If they are using English as the language of communication than 
it is not necessary the native language of all teams is English. This creates problems even if the 
requirements are very clearly explained but they may be understood differently in different locations. 
These issues become visible in integration stage and that mean either delay in project release or 
missing functionality. Teams located in multiple countries do not share the same culture and people 
involved may interpret information based on their background. The other factor is the different culture 
and language for communication that doesn’t allow the groups the leverage to communicate and 
convey the ideas successfully to other groups. According to expert I, distributed teams mean different 
people working in different time zones and belonging to different cultures. This could be a factor in 
understanding requirements and communicating concepts. Expert K also considers that 
communication creates particular issues around time-zones, language and culture. 

Literature and Expert references 

     Failure Factors Literature Reference Expert Opinion 
Communication gap between 
teams at different sites due to 
different language 

 [Df5],[Ef1],[Gf2],[Hf1], 
[If3],[Kf4] 

4.1.7 Factor 7: Rapidly Changing Requirements and Unexpected Technical Interdependencies 

There are many factors that often mess up integration of components and leads to bug-ridden code 
and other problems. 

Research Summary: 

A study by Cusumano [100] discussed management, organizational and technical sides regarding 
global software development and describes that there are many factors that often spoil integration of 
components which includes delays and mistakes in shifting from design to implementation, unclear or 
too rapidly changing requirements, unexpected technical interdependencies leads to bug-ridden code 
and other problems. 

System complexity and number of parties involved determines how much time system integration 
will take. Dependencies between the individual integration steps, the system integration phase effects 
due to changes [29]. A common problem is delay in the delivery of one or more subsystems as the 
date the subsystem test and system integration is already set, less time left to perform an adequate 
system integration test. Time reserved for system integration testing is being spent on completing the 
integration itself. In such cases the system integration test phase crushed the project schedule. The 
situation gets worse when next phase is started on the planned date, wrongly assuming that this test 
can accommodate the only partly performed system integration test [29]. 

Literature and Expert references 

     Failure Factors Literature Reference Expert Opinion 
Rapidly changing requirements 
and unexpected technical 
interdependencies. 

[100],[29]  
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4.1.8 Factor 8: Long-Term Lack of Awareness Activities in Remote Site 

This problem occurred due to continuous lack of awareness about events related to a shared 
product, continues changes in processes, change in updated versions, collaborative tool integration 
and who will use their code and lastly when integration process will be started.  

Research Summary:  

A study by Farshcian [73] describes that one of the major problem among geographically 
distributed groups of developers is the long-term lack of awareness activities in remote site. In 
geographically distributed groups of developers, every developer needs to have continuous awareness 
of events related to a shared product. Not only the part of product in which developer is directly 
working on, as well as developer needed to be informed what is happening to other parts of product. 
Since these are somehow related to "his" parts. Being kept unaware about what is happening to the 
product can enhance integration problems. In geographically distributed settings, even by using 
repository to ensure the visibility of the happening to the share product and make accessibility easy to 
all the members, awareness of the changes to it is a hinder. The major reason behind this problem is 
that the developers did not used their social abilities to “hint” each other for the long time about the 
changes they made to the product or be hinted about others changes [73]. 

The study [39] discussed many issues relating to awareness and described that remote teams tend 
to be less productive due to remoteness. Developers required as much information as possible and 
they should be aware about full status of the project and its history which is helpful for them to create 
reasonable assumptions about their modules and project. Continuous changes in processes, lack of 
stability in communication, and lack of collaborative tool integration create remote groups to remain 
unaware of what is going on and what is important. As a result they are not able to find right person or 
on time information which enable them to work efficiently, that lead to misalignment, rework, 
redesign and re-planning. According to Cataldo et al. [74], lack of awareness turns into integration 
problem through coordination breakdowns  and ,eventually, increases the probability of introducing 
defects.  

Another study by De Souza, [75] talk about importance for developers to know who will use 
their code and when integration process starts i.e. when a developer starts to use other developer’s 
code.  This information is useful because it allows the developer to predict the work that will be asked 
for him before the deadline. This information is essential from both collocated and distributed 
colleagues. The informal discussion between local colleagues simplifies this process of finding 
information.  In contrast,  it is much more difficult for a developer in distributed setup to find this 
status information [75]. 

An expert C describes, sometimes it happened that one member from remote team is calling a 
function with few parameters but it is actually changed in new version.  So problem occurred and take 
time in investigation that where is the problem. 

Literature and Expert references 

Failure Factor Literature Reference Expert opinion  
long-term lack of awareness  
activities in remote site 

[73],[39],[74],[75]          [CF1] 
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4.1.9 Factor 9: Assigned Unclear Responsibilities, Missing Integration Strategy and Plan   

This problem occurred due to lack of explicit attention for the integration strategy and plan 
regarding clearly assigned responsibilities by integration architect, problem solving , hasty fixes by 
integration team when actual developers are not available at the time of integration and the value of 
release planning and change potential with allocating resources to keep this on track. 

Research Summary: 

At the time of integration, additional defects as side effects due to duplicate problem solving by 
multiple projects [80]. That happened at organizational level due to unclear responsibilities for 
problem solving. There may be new defects after hasty fixes by integration team as actual developers 
were not available at the time of integration [80]. As in distributed software development various 
teams involved, it is often experienced that dividing work over the teams creates the risk of lack of 
explicit attention for integration. Integration strategy and plan regarding clearly assigned 
responsibilities are missing [7]. It is also experienced that in more than half of the cases, clearly 
assigned responsibilities by appointing an integration architect, a well defined and elaborated 
integration strategy and plan are missing. Afterwards this problem leads towards major overruns in 
integration in terms of time and effort. For instance, in a particular project a first-of-a-kind 
development along with bottom component based strategy had experienced in which building the 
system by adding fully functional component one by one strategy had been applied. Consequently, 
defects in components in combination along with lack of understanding of the entire system as the 
system was developed distributive (being first-of-a-kind) lead towards major problems in terms of 
time and effort in initial steps of integration [7]. One of the causes of failure was practically 
underestimation of required time and effort for global developed software integration. This is partially 
due to lack of insufficient work break down of integration. As a result, it is not clear for what all 
required to be done and due to this problem, the involved project teams naive that they assume 
everything will be right at the first time [7]. Integration of globally developed system is often held at 
various sites, as a result it introduces inefficiency and extra complexity when system is finally putting 
together. The reason behind this problem is lack of explicit integration plan. In other words 
component integrated at multiple sites, but not probably followed the same configuration. In addition 
the steps taken in order to perform integration, often not clear, which results some time partly and 
some time completely repeating the integration steps [7]. 

According to [19] integration prospective to account for the effort of the first innovation sub-team 
did not occur at all. While the other team attempted to look for what this sub-team was doing early, 
this focus started to fall as managing the above integration part became dominant. Although future 
requirements can be predictable from the first team work, they are eluded for the sake of convenience 
and future vision for the software begins to deviate. Where local fears come to the front amongst a 
development team, the value of release planning and change potential ignored without allocating 
resources to keep this on track [19]. 

In distributed environment, development of sub-systems is assigned to several departments or 
independent parties [29]. Each party is responsible for its tasks in overall chain, but mostly a clear 
responsibility is not assigned to any party regarding system integration, therefore central coordination 
is missing. In multiple and distributed development, connections between subsystems have crucial 
importance and when a subsystem does not work correctly, this effects whole system. In such cases, it 
has been observed that individual goals of the various parties are considered more important than the 
common goal of integrating the system [29]. 
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System integration phase is not often given much importance, mostly it is considered as a 
formality but explicitly defining, documenting and choosing an integration strategy is a vital step in 
overall development process which is often not realized [29]. Missing a suitable integration strategy 
can lead to various problems that can results in either 1) a wrong planning of subsystem delivery or 2) 
non-availability of test specifications for certain integration steps at the required time or 3) delivery of 
wrong parts of the system’s final functionality. Such situation leads to so-called big-bang integration 
that is generally known to cause many other problems. Moreover with big-bang integration, it 
becomes much difficult to identify and trace the problems. The study also described types and 
characterization of system integration strategies and warns that each strategy has its own advantages, 
disadvantages and prerequisites [29].  

In expert D views, normally the developers working on different modules of software delegate the 
functionality to each other by saying that this should be handled by your module and vice versa. 
When handing over the specifications of a module to a developer, he/she should be explained and 
clarified well of the responsibilities so that developers don’t assume anything regarding any 
functionality to be handled somewhere else. 

Literature and Expert references 

Failure Factors Literature Reference Expert Opinion 
Assigned unclear responsibilities 
and missing integration strategy 
and plan   

[80],[7],[19],[29]  [Df2] 

4.1.10 Factor 10: Lack of Detailed Specification Documentation for Global Teams 

If specifications are not written with instructions down to the pixel, the non-English speaker often 
does not interpret and "figure out" what is really required.   

Expert’s Opinion: 

According to expert H, when designing back-end systems, if specifications are not written with 
instructions down to the pixel, the non-English speaker often does not interpret and "figure out" what 
is really required.  If a product is for a specific cultural market and the developers are from that 
country/culture/language than it is much easier for them to interpret what is required and/or "fill in the 
holes" in the specifications.   

Expert I consider it is very important for distributed teams to have good documentation and design 
of the problem that is being solved. With a team physically present at one location, this might not be a 
big issue. 

Literature and Expert references 

     Failure Factors Literature Reference Expert Opinion 
Lack of detailed specification 
documentation for Global teams 

 [Hf3],[If4] 

4.1.11 Factor 11: Inadequate Selection of Engineering Process 

This problem occurs when processes are not feasible for the type of the system, platform and the 
organizational setup.  
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Research Summary: 

Engineering processes are mostly defined and followed, but the processes are not feasible for the 
type of the system, platform and the organizational setup [87]. For example processes that require face 
to face meeting or processes that are believe to be completed with interaction between teams during 
iterations create major inefficiencies in large R&D organizations and especially global organizations 
[87] 

According to expert J, failures occur if development and engineering methodology is not discussed 
and agreed upon between the development teams at the start of the project.  One methodology to use 
is Unified Modeling Language (UML).  

Literature and Expert references 

Failure Factors Literature Reference Expert Opinion 

Inadequate selection of 
engineering process 

[87] 
 

[Jf1] 

4.2  Research Summary of Finally Prioritized and Ranked Success Factors 

 This section discuss 14 finally prioritized success factors by first providing summary of each factor 
then discussing its details gathered from both (literature/Delphi experts) sources in form of research 
summary. 

4.2.1 Factor 1: Communication Plan 

Efficient use of internet, e-mail, instant messaging, video conferencing, work tools and project 
management software. 

Expert’s Opinion: 

According to expert A, IT industry is more dependent on the transmission of information and 
communication than any other industry. Software development outsourcing companies are eager to 
maintain a healthy communication with their customers. Obstacles of any kind threatens to hinder a 
smooth in all phases can be fatal for the whole outsourcing process, which may lead to unnecessary 
negotiations and changes. Expert F describes that the main medium used to transfer information in 
outsourcing include the internet, e-mail, instant messaging, video conferencing, work tools and 
project management software. Lack in communication can be controlled through effective plan for 
communication in which suitable communication tool should discussed as per requirement. In expert 
E opinion, a suitable communication strategy should be planned in which asynchronous or 
synchronous communication tools should be discussed to control lack of communication problem due 
to high time zone difference that later produce integration problems. 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Communication Plan  [As1],[Fs1],[Es3] 
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4.2.2 Factor 2: SRD Specified and Detailed Requirement Design Documentation 

The entire development including logic and coding must be documented. Without detailed 
specifications its "open to interpretation" by teams in other parts of the world.  Each location should 
have ability to build the whole system locally.  

Research Summary:  

A study [19] undertaken a student global web project in which US sub-team leaders are the key 
players in the RFP evaluation process. They accepted that they are not the database experts, but they 
are the most motivated team members and wanted to be capable to respect the deadline for sending 
acceptance/rejection letters. They confirmed that all the deliverables are supplied and compared with 
other data models and pros and cons of each proposal are weighted to make their final selection. They 
accepted the design that is well structured, enclosed the required code and it is well documented. To 
persuade the US team that their design could be integrated into the overall solution, the Indian 
students focused to help their customer visualize this. In view of their experience, the Indian students 
felt like real sub-contractors that wanted to have a contract from a foreign company. 
  

Expert A describes SRD (specified requirement documentation) should be consistent in terms of its 
goal, coherence factor, prominent features, support, maintenance and complete documentation. In 
addition, questions of compatibility must be addressed in the initial phase of a project and measures to 
be taken to avoid complications. The entire development, including logic and coding must be 
documented. A detailed instruction must be prepared if you have to do with software upgrades. 
 

Expert H describes his opinion as “If you can't provide very, very detailed specifications then you 
are leaving your instructions "open to interpretation" by teams in other parts of the world who may 
deliver a product you do not want”. 
 

According to expert I, having good documentation of requirements and a good design is a very 
important factor for successful integration. This would serve as a primary source of development in 
absence of the physical presence of clients. Expert K describes documentation as important both for 
understanding the full picture as well as helping debugging. Expert E believes that detailed 
documentation regarding requirements and design specification can play very important role, when 
remote teams belong to different culture.  
Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
SRD Specified and detailed 
Requirement Design 
Documentation 

[19] [As2],[Hs1],[Is2],[Ks3],[Es2] 

4.2.3 Factor 3: Developer’s communication 

Developer’s face to face communication in integration phases plays an important role.  

Research Summary: 

The result of the study [84] indicates that developer’s communication plays an important role in 
the quality of software integrations.  Author of the study [84] claims that they objectively calculated 
coordination outcome by the result of the integration build. To study and capture communication they 
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used social network measures and found that no individual social network measure could show 
whether a build will succeed or fail, the combination of network measures can be put together into a 
predictive model. Based on current communication arrangements of a development team, the model 
can specify whether integration will fail or succeed [84].  Expert B mentioned that there is need to use 
appropriate network mediums to make good communication between developers during development.  
Expert F describes that regular communication between remote developers play very important role to 
control coordination problem and effective later in integration issues. 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Developer's Communication  [84] [Bs2],[Fs3] 

4.2.4 Factor 4: Right involvement and understanding of requirements analysis 

Requirements are required to discuss again and again for clear interpretation. This results optimal 
design and further smooth integration process. 

Research Summary: 

The authors of the study [7] discussed their 10 years of GSD experience at Philips, in which 
problems and solutions were discussed in terms of lesson learnt from multi-site development derived 
from about 200 projects. Integration problems in multi-site software development were also one of the 
major concerns of this study. According to the authors experience, there is much effort needed to 
spent on the "right involvement and understanding of requirements analysis" from all the involved 
team members. In this regard, all the requirements needed to be discussed again and again in order to 
achieve a unified interpenetration, resulting in optimal designs and software components. 
Consequently it can be very productive for smooth integration of globally  developed components [7]. 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Right involvement and 
understanding of requirements 
analysis 

[7]  

4.2.5 Factor 5: Choice of Right Process Model (Agile/Scrum Based) 

Agile/Scrum based process models 

Expert Opinion: 

Traditional software development process models do not work effectively with the distributed 
team. Choice of the correct process model is thus an important factor for a successful integration of 
modules in distributed teams. Agile/Scrum based process models have been proved pretty effective in 
such scenarios 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Choice of right process 
model(Agile/Scrum based) 

 [Is1] 
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4.2.6 Factor 6: Stepwise Integration with Early User Participation 

Step-wise integration reduces the risk and allows both the business process and the development 
project people to learn early and continuous feedback regarding consistency and functionality. 

Research Summary: 

Integration is normally easier if it is done step-wise as it reduces the risk and also allows both the 
business process and the development project people to learn [106]. Early user participation is an 
important success factor. It also enables involvement of important allies into the project. Early 
technical integration assures the integrity of the system [106]. According to expert K, each site should 
have ability to build the whole system locally and feedback regarding consistency, functionality and 
performance that is particularly necessary on regular intervals. 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Stepwise integration with early 
user participation 

[106] [Ks2] 

4.2.7 Factor 7: Planning and Executing Integration Activities at Early Stages of Development 

 Planning integration activities early so that to facilitate integration activities efficiently in later 
stages of development.  

Research Summary:  

A study by Ramamoorthy [34] suggested that, for efficient integration process, there is need to 
consider and facilitate integration activities at early stages. Integration activities can be divided into 
three phases. 

1. The preliminary development phase 

2. The initial product integration phase 

3. The final product integration phase 

The preliminary development phase is a parallel process with specification, design, 
implementation and unit testing. The aim of this phase is to plan a strategy for assemble the individual 
module into final software product. The output of this phase is an integration plan that should identify 
common interfaces between the modules, set up a development strategy implement an integration 
environment, develop design procedures for integration, establish initial module criteria for 
integration and develop integration plan [34]. Instead of building entire software system from scratch, 
it is better to build from standard pieces of software that are reusable modules that have good potential 
for integration. The initial integration phase involves planning for the integration and the 
implementation of that plan. The purpose of this phase is to combine all pieces of the software 
product with best possible results. The primary integration tasks include: performing regular feedback 
on the status of the project monitoring the integration progress and adapting to changes improving the 
development strategy and product reliability. In the final integration phase the product is run together 
with comparatively new and unstable software, if any. The primary integrated software products are 
released in this phase and it involves monitoring, communicating, and evaluating the impact of the 
released products over the final system [34]. 
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Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Planning and executing 
integration activities at early 
stages of development 

[34]  

4.2.8 Factor 8: Visual Conference on SRS 

Different members discussing software requirement specification document through visual 
conference and instant communication. 

Expert’s Opinions: 

According to expert C and E respectively, before starting development, there should be a visual 
conference where different people from different locations are sitting and discussing the SRS online 
and watching each other faces and expressions. This will make much better in communication than 
simple text chatting or voice chatting. A lot of integration problem can be controlled through detail 
discussion on SRS through video conferencing to remote developers. 

Expert H describes communication as a key. Instant communication is better than slow 
communication which allows wasted time and money.  Video/screen sharing helps team members not 
have to rely only on verbal communication. 

In expert K opinion, satellites that have a language they can communicate with, some overlap in 
work-hours, and either similar cultures or the ability to understand each other’s cultures. 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Visual Conference on SRS  [Cs3],[Hs2],[Ks4],[Es1] 

4.2.9 Factor 9: Standardized Organizational Process Framework 

Process maturity and use of any standard process frame work e.g. CMMI plays important role for 
the success of integration process.  

Research Summary: 

Projects with higher levels of process maturity have less defects found during the system 
integration and testing phase [30]. According to the author of the study [105], process maturity 
impacts global development. CMM level2 is prerequisite for distributed software development and an 
absolute minimum to achieve sound project management. However a standardized organizational 
process framework results in flawless integration of different development sites. 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Standardized organizational 
process framework 

[30],[105]  
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4.2.10 Factor 10: Quality Assurance Procedure and Plan 

Make sure that all possible test cases after requirements elicitation are clear and modules level test 
applications so that developers can check stability of their modules before releasing them for 
integration. 

Expert Opinion: 

At the initial stage of requirements clarification, the quality assurance procedures and plans should 
also be discussed. The QA team will come up with all possible test cases once the requirements are 
clear so all teams know which modules is to be tested at what level. There should also be modules 
level test applications suggested so that developers can check stability of their modules before 
releasing them for integration. 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Quality assurance procedure and 
plan 

 [Ds2] 

4.2.11 Factor 11: Incremental Integration and Regulars Deliveries 

Big bang can be avoided by adopting incremental integration strategy (clusters, shared milestones), 
use of agile methodologies based on incremental integration, regular deliveries and uniform processes 
at all sites. 
 
Research Summary: 

In order to avoid "big bang" integration a study [40] suggests an incremental integration strategy 
(Agile method) to integrate the software at multiple levels. The incremental plan based on clusters and 
shared milestones to build confidence in both the individual network element and the system over 
time. As a result it grew an incremental understanding of pair-wise network element interactions and 
keep avoid "big bang" integration. The study [40] recommended to work at end-to-end layers of the 
system. According to the study, when the project original schedule was laid out, everything was 
funneled through one work item. To break this dependency study defined cluster that divided the 
system horizontally in term of end-to-end functionality instead of vertically as subsystem based. Each 
cluster belonged to some significant portion of the system that allowing each to progress 
independently as for as possible. Most importantly when inter-cluster integration came about, it 
tended to be within subsystem and consequently within a team. The study [40] also suggested another 
strategy in order to control integration problem called shared milestones.  This strategy based on set of 
incremental milestones which can be used to integrate and coordinate the worldwide development. In 
addition, certain key deliverable features can be selected and scheduled at the system level such as 
packet data sessions. These system deliverable can be broke down into cluster-level milestones e.g. 
originate the control session. Furthermore, these cluster milestones can be decomposed into 
subsystem deliverable e.g. handle the origination massage. In all this process if any change occurred 
within any subsystem than it is responsible to inform that change to all other subsystems, so that these 
changes could then able to roll up into the cluster and system milestones. As the teams completed a 
given deliverable's development, it rolled them into the lab and then integrated the network elements 
[40]. A study [39] described that application of agile methodologies based on incremental integration 
and regular deliveries and reviews of problems to adjust the process are important success factors. 
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Doing long period of independent development is tried to be prevented between different sites and 
partners which could lead to such modules, are very hard and some time impossible to integrate [45]. 
In this regard, frequent deliveries gave numerous benefits during integration in distributed software 
development. By using frequent deliveries practice, transparency of the work to all partners could also 
be obtained. In addition, when customer and subcontractor used an iterative process along with 
frequent deliveries, in this way the subcontractor delivered functioning code on regular basis during 
the development phase, for instance monthly or even weekly [45]. As a result the delivery integrated 
into the system and tested. Most importantly, by following integration and testing frequent deliveries 
also ensured the work that has been done by sub contractor was compatible and according to the given 
requirement [45]. 

Authors of another study [41] suggest a solution to avoid big bang integration which is an 
incremental integration plan, that  would support clusters and shared incremental goals. Authors claim 
that this strategy was used successfully at Motorola. A stable build proved to be one of the key 
success factors that improved project cycle time of globally applied continuous builds. According to 
authors, short iterations, continuous integration and frequent builds are part of agile methods but its 
practices are originally designed to be used in collocated software development, many practices 
appear to be manageable to distributed software development, when found appropriate tools. 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Incremental integration and 
regulars deliveries  

[40],[39],[45],[41]  
 

 

4.2.12 Factor 12: Modularization of Work 

Encouraged clear and firm interfaces between modules 

Research Summary: 

In a study by Lane and Agerfalk [18], a key benefit acknowledged by the business analyst is the 
way in which work distributed in different sites. The modularization of work is very effective due to 
motivated temporal and geographical coordination. This leads to promote independent thought for the 
analyst and the development team. It encouraged firm and clear interfaces to other modules that 
supported subsequent integration activities [18]. 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Modularization of work [18]  

4.2.13 Factor 13: Frequent Review 

Frequent review of the progress of deliverables by the stake holders  

Expert’s Opinions: 

According to expert I, it is very important to get the progress on a deliverable reviewed by the 
stake holders very frequently in a distributed team environment. Absence of it could result in an effort 
going towards wrong direction getting detected at a very later stage. Expert K describes that feedback, 
regarding consistency, functionality and performance should be taken on regular intervals. 
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Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Frequent Review  [Is3],[Ks2] 

4.2.14 Factor 14: Multi-Site Team Building and Cross Functional Teams 

In critical phases, developers should be frequently exchanged between neighbor sub-systems and 
experts are required to visits other sites to verify software deliveries.  
 
Research Summary: 

A study by Leszak [104] describes and characterizes successful collaboration between Chinese and 
a German large-scale, multi-release telecommunications product.  During the project developers 
frequently exchanged between “neighbor subsystems” i.e. closely coupled software pieces. Engineers 
sent to other site in the beginning and typically during feature integration. Expert visits in critical 
project phases, e.g. in the startup of a product release to talk about architecture extensions for new 
features and at the end key software integrators visit the other sites to verify software deliveries. 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Multi-site team building and 
cross functional teams 

[104]  
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5 COMPARISON OF LITERATURE REVIEW AND 
DELPHI SURVEY RESULTS 

The aim of this chapter is to describe and analyze that how much industry and literature 
acknowledged each other in order to point out hidden failure and success factors. Another purpose is 
to discuss and analyze literature review and factors provided by Delphi experts. Following analysis 
describes nature and type of failure and success factors and categorizes them as empirical/non-
empirical on the basis of authors’ findings.  

5.1 Over All Failure and Success Factors from Literature and Delphi experts 

Literature review provided 79 failure factors while 26 success factors. In contrast, Delphi experts 
gave 49 failure factors and 36 success factors in their first Delphi survey round. An average of 4.45 
failure factors and 3.27 success factors were provided by each Delphi expert.  

 
Figure 17 Overall Failure and success Factors Provided by Literature and Delphi Experts 

5.2 Consolidated Failure Factors List in Terms of Uniqueness and Commonalities  

This section presents consolidated failure factors from both sources in terms of their uniqueness 
(factors that were uniquely suggested by both sources) and commonalities (factors that were 
commonly suggested by both sources). Consolidated failure factors list contained total 47 failure 
factors in which 45% unique failure factors provided by literature, 23% unique factors provided by 
Delphi experts while 32% failure factors were common in literature and Delphi experts. The result 
showed that though there were 32% common failure factors between both sources but there existed 
noticeable differences as well. The difference between both sources reflected that there were more 
factors that came from literature but these were unknown to Delphi experts. On the other hand there 
are factors known to Delphi experts but literature was found to be unaware about these factors. One 
reason for this situation might be the fact that there was more attention given to find out failure factors 
by researchers. 
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Figure 18 Failure Factors in Terms of Uniqueness and Commonalities 

5.3 Consolidated Success Factors List in Terms of Uniqueness and Commonness 

Like section 5.6 this section presents consolidated success factors from both sources in terms of 
their uniqueness and commonalities. Consolidated success factors list contains total 36 success factors 
in which 36% unique success factors provided by literature, 42% unique success factors provided by 
Delphi experts while 22% success factors were common in literature and Delphi experts. The result 
shows that there was a large gap between Delphi experts and literature in terms of success factor as 
there were only 22% common success factors provided by both sources. The difference between both 
sources reflects that there were more factors that came from Delphi experts but these were unknown 
to literature. On the other hand there are factors known to literature but Delphi experts were unaware 
about those factors. One reason for this situation might be the fact that less attention given to find out 
success factors by researchers as compared to failures.  

 

Figure 19 Success Factors in Terms of Uniqueness and Commonalities 
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5.4 Consolidated Failure Factors with Empirical Evidence and Final Ranks 

Following table depicts consolidated list of failure factor in terms of Empirical/Non-Empirical 
evidence with final ranks. The source of each failure factor can be seen in the table as it shows either 
the factor was reported by literature or by Delphi experts.  

Table 28 Consolidated List of Failure Factor in Terms of Empirical Evidence with Final Ranks 
S. 
No. 

Failure Factors Title Empirical Literature  Delphi 
Experts  

Common Final 
Rank 

1 Poorly communicated module 
objectives/requirements 

      1 
 

2 Lack of coordination between 
remote teams 

      2 

3 Inadequate understanding of 
requirements and interface 
issues 

       3 

4 Lack of Informal and External 
communication 

      4 

5 Different processes, techniques 
and standards on remote 
location 

      5 

6 Communication gap between 
teams at different sites due to 
different language 

      6 

7 Rapidly changing requirements 
and unexpected technical 
interdependencies. 

     7 

8 long-term lack of awareness 
activities in remote site 

      8 

9 Assigned unclear 
responsibilities and missing 
integration strategy and plan   

      9 

10 Lack of detailed specification 
documentation for Global teams 

      10 

11 High time zone difference       11 
12 Information overload        
13 Modularization of Work        
14 Uncooperative behavior in 

remote teams members 
      

15 Different assumptions about 
functionality of the modules 
developed by the designers 

      

16 Change in requirements 
regarding technology and 
functionality 

      

17 Big bang Integration        
18 Incompatibilities between 

components 
       

19 Inadequate selection of 
engineering process 

       

20 Profiling as an optional activity        
21 Deviation from agreed 

architectural specification 
       

22 Immature global  Infrastructure        
23 Different versions of tools        
24 Higher number of syntactic  

dependencies 
       

25 Unrealistic deadlines setting by        
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managers 
26 Unrealistic assumptions and 

predictions in integration plan 
       

27 Informal specifications 
refinement 

       

28 Inconsistent design 
documentation technology 
selection  

       

29 Lack of continuous and active 
management of the architecture 
along with change control 
including representation of all 
involved parties.   

       

30 
 

Lack of required knowledge and 
skills regarding integration 

       

31 Late detection of defects        
32 Business and personal 

incentives 
       

33 Lack of face to face meeting 
during integration process 

       

34 Ad-hoc re-planning        
35 Avoiding tools and processes to 

manage and control architecture 
evolution   

       

36 Irregularities between the 
system due to lack of tool and 
technology knowledge 

       

37 Shared untested versions of 
components using  integration 
centric approach 

       

38 Inadequate task dependencies 
that occur through systematic 
properties 

       

39 Badly Engineered Software        
40 Lack of Domain Knowledge        
41 Last time changes when release 

date is ready 
       

42 Lack of Integration documents 
and manuals 

       

43 Ambitious Time Lines due to 
different group clashes 

       

44 Hiring based on lowest cost of 
labor 

       

45 Lack of code implementation 
views/modules 

       

46 Assigning functional module 
without matching skills 

       

47 Ignorance of rigorous unit and 
integration testing during 
development and quality 
assurance phase 

       

 
Research conducted in industrial settings is considered more reliable and it depicts actual picture 

and practices carried out in industry [24]. Results of consolidated failure factors showed that 94% 
factors came from empirical sources while only 6% failure factors were reported from non-empirical 
studies. The failure factors provided by Delphi experts were also considered as empirical as they were 
provided by industrial professionals and came from real projects experiences which helped better 
understanding of the factors and their importance. 
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Figure 20 Failure Factors in Terms of Empirical/Non-Empirical Evidence 
 

5.5 Consolidated Success Factors with Empirical Evidence and Final Ranks 

Following table depicts consolidated success factors in terms of Empirical/Non-Empirical 
evidence with final ranks. The source of each success factor can be seen in the table as it shows either 
the factor was reported by literature or by Delphi experts. 
 
Table 29 Consolidated Success Factor List in Terms of Empirical evidence with Final Ranks 
S. 
No. 

Success Factor Title Empirical Literature  Delphi 
Experts  

Common Final 
Rank 

1 Communication Plan       1 
2 SRD Specified and detailed 

Requirement Design 
Documentation 

      2 

3 Developer's Communication         3 
4 Right involvement and 

understanding of requirements 
analysis 

      4 

5 Choice of right Process 
Model(Agile/Scrum based) 

      5 

6 Stepwise integration with early 
user participation 

      6 

7 Planning and executing 
integration activities at early 
stages of development 

     7 

8 Visual Conference on SRS       8 
9 Standardized organizational 

process framework 
      9 

10 Quality Assurance procedure 
and plan 

      10 

11 Incremental integration and 
regulars deliveries  

      11 

12 Modularization of work      12 

94%

6%

Empirical/Non-Empirical Failure Factors

Empirical Non-Empirical
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13 Frequent Review       13 
14 Multi-site team building and 

cross functional teams 
      14 

15 Formal Interface descriptions       
16 Continuous integration and use 

of integration tools 
       

17 Creation of test Scripts for the 
performance test process 
(Integration system test phase). 

       

18 Use daily build system and tools        
19 Top-down integration strategy 

of the  
system 

       

20 Availability of stable 
architecture 

       

21 Interoperability to link 
interdependent component 
completion 

       

22 Using different process with 
clearly specifying and dividing 
the work 

       

23 Iterative process with frequent 
 Deliveries 

       

24 
 

Minimize interdependencies and 
de-coupling 

       

25 Terms & Conditions        
26 Version Configuration        
27 Definite date for code stop and 

all modules versions locked 
with marked compatible 
versions 

       

28 Testing hardware compatibility        
29 Requirements Clarification 

discussions and meetings 
       

30 Weekly meetings        
31 Uniform standard of Coding        
32 Consistency of the Development 

Environment 
       

33 Product Champions        
34 Robust Design and Smart 

Implementation 
       

35 Step-by-Step development        
36 Critical Paths Identification        
 

Analysis of consolidated success factors revealed that 92% factors came from empirical sources 
while only 8% success factors were reported from non-empirical studies. The success factors provided 
by Delphi experts were also considered as empirical, as they were provided by industrial professionals 
and came from real projects experiences which help better understanding of the factors and their 
importance. 
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Figure 21 Success Factors in Terms of Empirical/Non-Empirical Evidence 
 

5.6 Classifications of Selected Studies 

Despite the increasing trend of GSD, the art and science of global software development is still 
evolving [6] though a body of knowledge on GSD has been built but GSD field is still immature [1, 6, 
107] . The concept of the GSE environment is still unclear [24] and the amount of GSE related 
empirical studies is still relatively small [26]. The results obtained by empirical studies and expert 
reports are still controversial [26]. Most of the empirical research appeared to be exploratory in nature 
and possible solutions are discussed in quite general terms [26]. This indicates that learning from 
existing literature may require significant effort  for practitioners to understand the applicability of the 
offered findings [26]. 

The author of this study sorted out 52 studies through literature review in which 75% were 
empirical studies. As described by [26] the amount of studies with mixed, not described or unclear 
contexts is relatively high in GSD literature. This creates problems in understanding the context and 
applicability of the results and requires additional effort from the readers. Majority of studies used 
main term as GSD while they are not clear regarding offshore insourcing and offshore outsourcing or 
not separately discussed both type of GSD environment that creates confusion in sorting out the 
categories of GSD e.g. a study [97] described that the group under study runs captive centers for  
software development in several countries and further explain that when they used the acronym 
“GSD” they refer to this kind of projects. This indicates that the term GSD was used for both offshore 
insourcing and offshore outsourcing. 

Authors of this study, after having analysis of the selected studies concluded on early stages of the 
study that there is not clearly differentiation specified between and offshore outsourcing in GSD 
literature.  So it was not possible for the authors to base their study on separating both types of GSD 
approaches thus a more general approach was adopted as recommended through the initial findings. In 
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Empirical Non-Empirical 
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52 selected studies, GSD or DSD terms were used as the main term and 40 studies were unclear 
regarding offshore insourcing and offshore outsourcing  while four studies discusses offshore, four 
offshore outsourcing and four discussed both type of GSD. Twelve studies discussing offshore 
insourcing and offshore outsourcing or mixed of both are case studies based on one or more projects. 
Authors of these studies did not clearly mention setting of each case study that can clearly indicate the 
type of integration factors. Findings from selected studies did not specifically discuss integration 
issues in any particular scenario but rather discussed in general GSD context.  

Current GSD literature on integration in very limited and it does not separately provide and give 
clear picture of failure and success factors in terms on or offshore outsourcing so authors of this study 
did not take any assumption and conducted the study upon the directions of the literature available on 
the topic.  

 

 

Figure 22 Classification of Selected Studies 
 

5.7 Analysis of Failure and Success factors prioritized lists 

After conducting the literature review and Delphi survey in this study following results were 
synthesized: 

 The failure and success factors from literature review and Delphi survey were analyzed and it was 
found that 94% of failure and 92% of the success factors were supported with empirical evidence. 

  The study found more failure factors in literature as compared to Delphi experts where as 
majority of the success factors were identified by Delphi experts. In this respect, this study made 
an important contribution by providing some productive practical solutions to resolve integration 
problems in GSD that were not covered by literature. 

 This study concluded that existence of integration challenges is unique in GSD projects. Since, 
the number of participants (Delphi experts) in this study was very limited, therefore, there is a big 
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chance that opinions of only 11 experts may not cover all integration challenges.  However, the 
outcomes of this study especially in terms of Delphi survey results, which included investigation 
of failure and success factors and the factors prioritized list has considerable importance. Because 
the selected experts belonged to GSD organizations in different parts of the world (US, Sweden, 
Denmark, Norway, Russia, China, and Pakistan). Thus having experience with cultural , physical , 
time , organizational differences issues that are the root of all GSD challenges [16] [77]. Due to 
this, their experiences and opinions could be very effective in terms of providing failure and 
success integration factors and their prioritized lists. 

 The analysis of failure factors prioritized list showed that the overlap between literature and 
Delphi experts was very high. 

 

           Figure 23 Analysis of Prioritized Failure Factor List 
 
 The analysis result of failure factors prioritized list concluded that, majority of the factors 

were identified by both literature and Delphi experts and had mixed priorities in which 4 
of them were ranked as (2, 3, 4, and 5) and 3 of them were (8, 9, and 11). Whereas, only 
one unique factor investigated through literature had priority (7) and 3 unique factors 
investigated through Delphi experts had priorities (1, 6 and 10). In addition, the highest 
priority (1) failure factor was only provided by Delphi experts and was not mentioned by 
literature.   
 

 The analysis of success factors prioritized list showed that the overlap between literature and 
Delphi experts was very low. 

 

Literature , 1 (9%)

Delphi Experts, 3 
(27%)

High Overlap, 7 
containing mixed 
priorities (64%)

Common, 7 (64%)
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      Figure 24Analysis of Prioritized Success Factor List 
 The analysis result of success factors prioritized list concluded that, only 3 out of 14 

success factors were identified by both literature and Delphi experts and ranked with high 
priorities (i.e. 2, 3, and 6). Whereas, success factors investigated through only literature in 
prioritized list were 6 and contained mixed priorities (i.e. 4, 7, 9, 11, 12 and 14). While 
success factors provided by Delphi experts in prioritized list were 5 having mixed 
priorities (i.e. 1, 5, 8, 10 and 13). In addition, again the highest priority (1) success factor 
was provided by Delphi experts and was not given in literature. 

 Therefore, with above analysis, it could be synthesized that in both failure and success factors 
prioritized lists the highest (rank=1) priority failure and success factors were provided by Delphi 
experts which were not covered by literature. In addition, in success factors prioritized list healthy 
amount of success factors were provided by Delphi experts that were not covered by literature 
that could be an effective contribution of this study. 

 According to literature related to Delphi survey one of its biggest advantage is controlled 
feedback [64]. Delphi survey also informs the Delphi members of the other member’s 
perspectives, and provides the opportunity for Delphi members to clarify or change their 
views [64]. In addition. Iteration of Delphi rounds allows the Delphi members to refine their 
views in light of the progress of the group’s work from round to round [64]. Thus, if there are 
week members in terms of knowledge and experience in the research sample, this might 
overcome this threat.  

In this study, experts with different levels of experience participated in the Delphi 
survey. So may be the factor which was selected by only 4 to 5 experts as important was 
identified by more experienced experts. In the subsequent iterations the majority of less 
experienced experts also realized the importance and shared the same perspective 
regarding such factors and ranked them with high priority. 
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6 DISCUSSION  

6.1    Validity Threats 

During current research authors encountered some validity threats in terms of research methods 
implications and their results. All these threats are discussed below with available solutions. 

6.1.1 A Valid (Ranking Type) Delphi Survey Selection 

One of the validity threats that have been faced by the authors in start of the research design of this 
study was the appropriate selection of Delphi survey procedure. As several researchers have applied 
this method in many different situations as a tool for expert problem solving [53]. While some of 
them have developed variations in this method to achieve their outcome and goals [53] . But in 
authors’ case, such Delphi survey procedure was required that could provide a source of investigation 
about related topic (failure and success factors) and further prioritized them with strong consensus. In 
this regard authors found one variant that had received well-known use was the ‘‘ranking-type’’ 
Delphi, used to develop group consensus about the relative importance of issues [53]. Furthermore, in 
this regard, Schmidt [52] provided a comprehensive description of how to conduct “ranking type” 
Delphi survey, including guidelines for data collection, data analysis (based on non-parametric 
statistical techniques), and reporting of results [52] [53]. It was also observed that Schmidt [52] 
guidelines were successfully used in many studies [53] [56] that was related to  authors’  research type 
of investigation and ranking technique. Selected method implication detail is given in section (2.3).  

6.1.2 A Valid Selection of Delphi Experts 

As in authors’ research one of the critical requirements was the selection of qualified participants 
since the output of the Delphi was totally based on participants/experts Knowledge and experience 
with the issues under investigation. In addition there was a group decision mechanism involved in 
terms of ranking failure and success factors lists, highly requiring qualified experts who have intense 
understanding of the issues [53] . To overcome this threat, authors of the study sent selection criteria 
along with problem statement in first email (see Appendix H) and also asked to provide their profile 
with survey participation agreement. Details of selection criteria and experts profile are given in 
section (2.4.1) and (3.6), respectively. 

6.1.3 Questionnaire Validity 

In authors’ case issues under investigation was very straight forward as they had to investigate 
failure and success factors of integration process that directly belong to their research question 1 and 
2. So authors of the study used that (open ended) research question by splitting into two (open ended) 
questions for failure and success factors investigation separately along with a detail problem 
statement. In that problem statement, purpose of the study was clearly and concisely discussed. 
Moreover, before sending the questionnaire, authors approved the questionnaire by their respected 
supervisor. 

6.1.4 Experts Validity 

In this study one of the critical requirements was the selection of qualified industrial experts since the 
output of the Delphi was totally based on experts’ knowledge and experience with the issues under 
investigation. To overcome this threat by using a rigorous procedure, authors of the study sent 
selection criteria along with problem statement in first email and also asked to provide their profile 
with your survey participation agreement until required significance level of consensus among all 
experts did not achieve.  
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6.1.5 Low Number of Delphi Experts 

Delphi surveys often encounter problems due to a decline in Delphi experts/participants response 
rate because, in order to achieve consensus, it is important that those Delphi experts/participant who 
have agreed to stay involved until the process is completed [65]. Having this threat in mind, in very 
first meeting, authors of the study discussed the estimated period and detail of the survey with all 
interested (18) experts in detail.  As a result, 7 of them excused to continue in this research. However, 
11 experts finally gave guarantee to participate till the end result of this research. It is true that 11 
experts were not well enough to achieve objectives of this research more substantially.  But it was 
also observed that the ratio of the results that were occurred through literature and through industrial 
experts were satisfactory and authors would be able to achieve their expected outcome decently. 
However due to low number of experts, there is a definite chance not to identify more integration 
failure and success factors from the Delphi experts. 

6.1.6 Missing Integration Failure and Success Factors from Literature 

As authors did not perform systematic literature review technique in order to find out failure and 
success factors, therefore there can be a chance that authors missed some failure and success factors. 
As for as not to use systematic review technique, authors studied and observed through Kitchenham et 
al [59] systematic review guidelines (when to use systematic literature review) and goal of this thesis, 
it was not necessary to perform systematic literature review. In addition, the only focus was to 
investigate failure and success factors on integration process in GSD projects. Moreover, authors had 
selected Delphi survey that required long period of time and having limited time period of research it 
was not possible to adopt systematic literature review method along with Delphi survey. But to 
resolve these threat authors of the study used some appropriate steps of systematic literature review by 
using Kitchenham et al [59] guidelines so that this threat could be overcome. The detail of literature 
review execution is given in section (2.2).  

6.1.7 Validity of Statistical Method Procedure 

In order to ensure the validity of the Kendall’s coefficient of concordance procedure, authors of the 
study take guidance from three highly authentic books resources [68] [69] [70] especially Siegel et al 
[70] to perform Kendall’s’ coefficient of concordance to find out significance level of consensus 
between Delphi experts. In addition Siegel et al [70] observed to be highly referenced and used in 
many studies [56] [55]  that had same type of research method as authors of this study were required.    

6.2    Lesson Learned 

After investigating several numbers of failures factor related to integration process in GSD 
projects, the investigated integration failure factors indicated that there are many reasons that become 
source of integration problems. In addition these issues can arise at any stage of the GSD project. The 
critical impact of these failure factors can easily place the integration problem as central challenge of 
GSD. These problems give high motivation to start thinking about integration problems at initial 
stages of GSD. It is better to develop a solid integration strategy or plan before starting GSD projects, 
otherwise these problems are very difficult to identify during development phases and surface at 
integration phase, at this time these are very difficult and expensive to fix. A good idea to formulate 
an integration strategy/plan can be developed by formulating checklists of integration problem and 
success practices through the results of this study. In addition, project manager should invest special 
budget by hiring and involving skilled integration staff at early stages of GSD project that have 
concrete knowledge of integration issues and their mitigation strategies. As during integration 
problems and solutions investigation from Delphi experts, authors of the study did not find a special 
person like software integrator except Team leads and Project managers. On the other hand literature 
also highlighted the importance of the staff that should have concrete knowledge and practice of 
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integration problems and solutions.  Special budget for this purpose can also reduce rework cost and 
effort. On the other hand, this study provided many effective solutions in terms of success factors that 
can play important role to make an efficient integration strategy or plan to overcome GSD integration 
problems.  

There are some approaches like integration centric and incremental integration, continuous 
integration (agile method), test driven development (agile method) and daily built, but unfortunately 
authors of the thesis could not find appropriate empirical evidence that provide implications and 
validity of these approaches. Moreover authors found unawareness and criticism about some of these 
approaches (test driven development, integration centric) [81] [99].  

Furthermore, there is a huge ambiguity in order to understand the strategy used in GSD literature in 
terms of offshore insourcing and offshore outsourcing. Very few authors used these terms to explain 
their research but further they did not clarify integration failure and success factors as offshore 
insourcing or offshore outsourcing factors. On the other hand, majority of them are totally unclear or 
used GSD in general. 
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7 CONCLUSION AND FUTURE WORK 

7.1 Conclusion  

In this thesis, the authors’ findings concluded that in GSD projects integration problems vary from 
project to project, hence it is very difficult to formulate a general solution. Consequently, the aim of 
this study was to investigate integration factors that either support or risk this process in the context of 
GSD that further need to be articulated and shared so that it can help to form an appreciate integration 
strategy. This study provides lists of integration failure factors along with success factors with their 
relative importance. These factors can be very effective to understand integration issues and solution, 
as well as to provide a good platform to formulate a solid strategy at early stages of GSD projects. On 
the other hand, the existed literature to explore and resolve integration problem in GSD is very 
limited, especially in terms of highlighting overall problems and practical solutions. In other words, 
scope of existing literature to investigate integration problems and their practical solutions is limited 
to particular integration issues. While the results of this study showed that integration problems can 
occur at any stage of GSD project due to various reasons and only surface during integration process. 
Furthermore, in investigated 47 and 36 integration failure and success factors, 23% of failure and 42% 
of success factors are not existed in current literature, gathered through Industrial experts. These 
hidden failure and success factors strengthen the study findings and understanding of integration 
problems and practical solutions.   

These aims were achieved by following steps. 

 In first step, literature review was conducted by using a structural approach in which the authors 
highlighted 79 failure and 26 success factors from 52 selected studies related to the topic under 
investigation.  

In second step “ranking-type” Delphi survey was conducted by using Schmidt [52] comprehensive 
guidelines in which 11 selected industrial experts were asked to provide success and failure factors. 
They provided 49 failure and 36 success factors with an average of 4.45 failure and 3.27 success 
factors by each industry expert in first round of Delphi Survey. 

In third step, after having factors from both (literature and Delphi experts) sources, separate 
consolidated lists of failure and success factors were produced which contained 47 failure and 36 
success factors.  

In fourth step, second questionnaire was sent to the experts and requested, to first confirm that 
their suggested factor were consistent with their initial input by importance in success completion of 
the results. In order to successfully perform this step authors highlighted the factors suggested by each 
expert in his survey link, so that he could able to confirm the consistency of his suggested factors. 
Moreover experts were also asked to comment on each failure and success factor and can introduce 
new factor that they might not have considered initially, if necessary. 

In fifth step, third questionnaire was sent to the experts and asked to narrowing down failure and 
success factors lists. They were asked to independently select 10/47 failure and 10/36 success factors 
as the most important (not rank) from randomly ordered lists. After receiving responses from exerts, 
authors of the study analyzed all the experts’ responses separately, and identified failure and success 
factors as very important that were selected by over 50% (6/11) of the experts and important that were 
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selected by over 30% of the experts. The end result of this step was the list of 11 failure and 14 
success factors.   

 In sixth step, fourth questionnaire sent to the experts asking them to rank the selected failure and 
success factors. Each ranked list reflected the priority order for the specific expert. In questionnaire, 
experts were also requested to submit comments explaining or justifying their rankings. The authors 
analyzed each factors particular ranking frequency that was independently assigned by each expert 
and prepared separate ranking lists. 

  In seventh step, Kendall’s coefficient of concordance was applied on the results of fourth round 
of Delphi survey to find out level of consensus among experts. After calculating the consensus among 
all experts, the W value (which was less than 0.7) suggested that If W is less than 0.7, the ranking 
questionnaire must be resent to the experts by the authors.  

So in next step authors resent the questionnaire to each expert and asked them to revise their 
rankings and explain their rankings revisions. After receiving responses, the consensus among all 
experts was calculated again, the W values found to be stronger than previous round. Authors stop at 
this point as it met stopping criteria.  

Finally by following Kendall’s suggestions, authors produced final rankings of failure and success 
factors lists by the order of their sums of ranks assigned by all 11 experts in Delphi round 5. 

Final prioritized lists contains 11 failure factors while 14 success factors. As there is not much 
literature available on integration issues, the study findings will be very helpful in understanding 
integration issues in GSD environment as it contains factors from both (academia and industry) 
sources. Chapter 5 of the current study provides analysis of both factors in terms of their uniqueness 
and commonalities to sort out hidden failure and success factors and their strength in terms of 
empirical/non-empirical. In addition, it also shows that there are factors that were not discussed in 
literature while in this study, they are provided by Delphi experts through Delphi survey.  The study 
outcome is an attempt to formulate a strategy regarding handling of integration problems at early 
stages of development.  

7.2 Answer to the Research Questions 

In this section, results are mapped with the relevant research questions to verify its completeness. 
Based on research study findings and outcomes, each result question along with its answer is 
explained below. 

RQ1: Which factors cause failure during integration of functional modules in global software 
development projects? 

The authors of this study conducted literature review in which 52 studies were sorted out and 79 
failure factors were extracted from these studies. Delphi experts through Delphi survey provided 49 
failure factors. Common factors in both sources were combined and a consolidated list of failure 
factors was formed that contains 47 failure factors. Section 5.4 provides list of 47 failure factors. 
Section 4.1 discusses details of 11 finally ranked failure factors while Appendix G provides details of 
rest of the failure factors.  

RQ2: Which factors characterize successful integration process in global software development 
projects? 
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  The authors of this study conducted literature review in which 52 studies selected that reported 26 
success factors. Industry experts through Delphi survey provided 36 success factors. Common factors 
in both sources were combined and a consolidated list of success factors was formed that contains 36 
success factors. Section 5.5 provides list of 36 success factors. Sections 4.2 present details of 14 final 
ranked success factors, while Appendix G provides details of rest of the success factors. 

RQ3: Which integration failure and success factors are most important to overcome integration issues 
for global software development projects? 

List of 11 failure and 14 success factors prioritized by Delphi experts is provided in section 3.14. 
Both lists are based on Kendall’s suggestions, authors produced final rankings of failure and success 
factors lists by the order of their sums of ranks assigned by all 11 experts in Delphi round 5. Details of 
each finally ranked failure and success factor is provided in section 4.1 and 4.2 respectively. 

RQ 4: What are the differences and commonalities between integration (failure and success) factors in 
global software development projects, investigated trough literature and Delphi survey (Industry)? [9]  

• To identify hidden integration failure and success factor 
• To identify strength of each failure and success factor as empirical or non-empirical 

Chapter five provides answers to RQ 4 and its sub-questions. Failure factors regarding their 
uniqueness and commonalities are discussed and analyzed in section 5.2 which showed that 32% 
common failure factors provided by both (literature and Delphi experts) while 23% factors not known 
to literature and 45% unique failure factors reported by literature. Table 28 contains details of each 
failure factor in terms of its empirical evidence, uniqueness and commonalities. Figure 20 shows that 
only 6% are non-empirical failure factors while 94% failure factors provided by empirical methods.  

Success factors regarding their uniqueness and commonalities are discussed and analyzed in 
section 5.3 which shows that 22% common success factors provided by both (literature and Delphi 
experts) while 36% factors not known to literature and 42% unique success factors reported by 
literature. Table 29 contains details of each success factor in terms of its empirical evidence, 
uniqueness and commonalities. Figure 21 shows that only 8% success factors are non-empirical while 
92% failure factors provided by empirical methods.   

7.3  Future Work 

This study investigated as many as possible failure and success factors related to integration 
process in GSD through available literature and Delphi experts. Further this study highlighted the 
most important failure and success factors and prioritized them through industrial experts in terms of 
failures and success factors severity and importance. However due to limited amount of (11) experts’ 
resources of this study Delphi survey can be expanded by including more experts. In result, more 
investigation of integration problems and solutions and more considerable prioritized lists can be 
obtained. On the other hand a case study can be performed to validate the results of this study.  

Considering the results of this study especially failures and success factors prioritized list, a 
suitable strategy or plan can be developed to overcome integration problems by developing a checklist 
of investigated problems and success practices. In addition, levels of integration failures can also be 
identified in terms of consuming cost and severity. Moreover, due to unclear and limited literature in 
terms of offshore insourcing and offshore outsourcing and industrial resources this research 
investigated integration problem in GSD in general. For further research, integration failure and 
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success factor can be investigated as offshore insourcing and offshore outsourcing integration failure 
and success factors and explore similarities and variability between them. 
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9 APPENDIX  

APPENDIX A: QUESTIONNAIRE 1 

INITIAL COLLECTION OF GSD INTEGRATION (FAILURE AND SUCCESS) FACTORS  

Round 1 Delphi survey (Questionnaire) for investigation of failure and success factors of 
integration process in global software development (GSD). 

GSD project Integration failure and success factors questionnaire 

Instructions 

The objective of this questionnaire is to solicit your input on the key failure and success factors of 
integration process related to GSD projects. A GSD project refers to a project in which development 
is completed on different geographical places in the form of components/functional modules. 
Integration failure factors of GSD project refer to such factors that cause failure in integration of the 
components/functional modules that are developed in a distributed manner; whereas success factors of 
integration process refer to such factors/practices that characterize successful integration. 

Please, answer the following questions: 

Q 1: Which factors cause failure during integration of functional modules in global software 
development projects? 

Q 2: Which factors characterize successful integration process in global software development 
projects? 

To answer these questions, please list at least four to six most important integration failure and 
success factors in the space provided on the next four pages separately. For each failure and success 
factor, please try to be brief and limit each item to one sentence. We encourage you to consider your 
past experiences to generate your responses. Please feel free if you wish to add more (failure and 
success) factors and to make some other additional assumptions related to the issues under 
investigation. 
Delphi Survey Summary 

In the first round of the Delphi survey, we will start with a "blank sheet"/questionnaire, asking each 
author (and co-authors) to list: 
1.  The four to six most important failure factors, and 
2.  The four to six most important success factors. 
We will compile a list of all responses, eliminate redundancies, generate common phraseology and 
invite all participants to partake in further evaluation. Hopefully, within a few rounds we can come to 
a consensus list that should be helpful for our readers. 
We are required to summarize the results of this Delphi study in the month of June, so we need to 
progress the study quickly. Your response to the first round of open questions is due on ………….. 
For this initial round we will use email. Further steps will be organized through an online tool. 
 

THANK YOU FOR YOUR PARTICIPATION AND COOPERATION 
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GSD project Integration failure and success factors questionnaire 

Expert ID: ………………… 

Which factors cause failure during integration of functional modules in global software 
development projects? 

Failure factor 1: 
 
Rationale behind failure factor 1: 
 
 
 
 
 
 
 
 
 
 
Failure factor 2: 
 
Rationale behind failure factor 2: 
 
 
 
 
 
 
 
 
 
 
Failure factor 3: 
 
Rationale behind failure factor 3: 
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Failure factor 4: 
 
Rationale behind failure factor 4: 
 
 
 
 
 
 
 
 
 
 
 
Failure factor 5: 
 
Rationale behind failure factor 5: 
 
 
 
 
 
 
 
 
 
 
 
Failure factor 6: 
 
Rationale behind failure factor 6: 
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GSD project Integration failure and success factors questionnaire 

Expert ID: …………………… 

Which factors characterize successful integration process in global software development 
projects? 

Success factor 1: 
 
Rationale behind success factor 1: 
 
 
 
 
 
 
 
 
 
 
Success factor 2: 
 
Rationale behind success factor 2: 
 
 
 
 
 
 
 
 
 
 
Success factor 3: 
 
Rationale behind success factor 3: 
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Success factor 4: 
 
Rationale behind success factor 4: 
 
 
 
 
 
 
 
 
 
 
 
Success factor 5: 
 
Rationale behind success factor 5: 
 
 
 
 
 
 
 
 
 
 
 
Success factor 6: 
 
Rationale behind success factor 6: 
 
 
 
 
 
 
 
 
 
 
 
 

 

THANK YOU FOR COMPLETING QUESTIONNAIRE 
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APPENDIX B: QUESTIONNAIRE 2 

VALIDATION OF FAILURE/ SUCCESS FACTOR LISTS 
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APPENDIX C: QUESTIONNAIRE 3 

SELECTION OF MOST IMPORTANT FAILURE AND SUCCESS FACTORS 
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APPENDIX D: QUESTIONNAIRE 4 

RANKING SELECTED FAILURE AND SUCCESS FACTORS 
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APPENDIX E: QUESTIONNAIRE 5: 

Re-RANKING SELECTED FAILURE AND SUCCESS FACTORS 
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APPENDIX F:  LIST OF FAILURE/SUCCESS FACTORS (BY DELPHI ROUND 1) 

Expert_ ID 
 

Failure Factor Success Factor 

A Unrealistic Schedules Proper Communication Plan 
 

Badly Engineered Software 
 

Detailed SRD Specified Requirement Documentation 

Poor Acquisition Practices Ensured Terms & Conditions Between Parties 
Lack Of Domain Knowledge 
 

 

Lack Of Technology Knowledge  
Lack Of Communication Due To 
High Time Zone Difference 
 

 

B Lack of Communication Independent module practice 
Different style of working Communication during development 

 
Lack of Experience regarding 
technology 
 

Frequent meetings between remote teams 

Lack of Domain Knowledge  
C Inconsistency of functions callings 

in different versions 
Version Configuration 
 

Last time changes when release 
date is ready. 

Definite date for code stop and all modules versions locked with 
marked compatible versions 

Lack of requirement 
understanding 
 

Visual Conference on SRS 
 

Testing Environment 
inconsistency 

Testing hardware compatibility 

D Lack of Integration documents and 
manuals 

Requirements Clarification discussions and meetings 
 

Delegation of functionality and 
responsibilities 

Quality Assurance procedure and plan 
 

Lack of co-ordination between 
teams at different places 

Weekly meetings 
 

Cross platform/technology 
development 

 

Communication gap between 
teams at different sites 

 

E Lack of Communication due to 
inappropriate language skills 

Detail discussion on SRS through video conferencing 

Discrepancies in Functional 
Specifications 

Detailed documentation 

High time zone difference Suitable Communication strategy planning 
Low Quality Global Practice 
 

 

F lack of technologies knowledge Plan  to ensure successful communication 
Communication between teams 
(Coordination and Collaboration) 
 
 

Ensure versions compatibility 

Information/Knowledge 
Management 

Regular Communication between developers  
 

Software Configuration 
Management 
 
 

 

G Distant Geographical Locations  Uniform standard of Coding 
Different Culture and language of 
communication 

Consistency of the Development Environment  
 

Poor Project Management Product Champions 
 Ambitious Time Lines due to Robust Design and Smart Implementation 
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different group clashes  
Non uniform standard of Coding  

H Language and cultural differences Detailed specifications 
Hiring based on lowest cost of 
labor 

Real time collaboration through Video/screen sharing 

Require more specific 
specification documents  

Step-by-Step development to ensure each piece is done correctly 

High time zone difference  
I Lack of Communications Choice of right Process Model(Agile/Scrum based) 

Time differences Good Documentation/Design 
Language/Cultural Issues Frequent Review 
Lack of Good 
Design/Documentation 

 

J lack of development framework Proper Change Management 
Lack of code implementation 
views/modules 

Critical Paths Identification 

Assigning functional module 
without matching skills 

Architectural Alignment 
 

Ignorance of rigorous unit and 
integration testing during 
development and quality 
assurance phase 

 

K Trying to integrate too late Continuous integration 
Poorly communicated module 
objectives/requirements 

Early and continuous feedback 

Different quality standards 
 

Ability that each location can build the whole system locally 

Lack of Communication 
 

Distributed locations that do not kill communication 
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APPENDIX G: CONSOLIDATED FAILURE AND SUCCESS FACTORS 

There are total 47 failure factors while 36 success factors gathered after consolidation process, out of 
which final prioritized 11 failure and 14 success factors are described in chapter 4 while remaining 36 
failure and 22 success factors are presented in this appendix. 

Failure Factors  

Factor 12: Information Overload 

This problem occurred when one of responsible developer unable to read integration notification 
failure email due to overload of information and made changes that cause integration failure. 

Research Summary: 

A study by Damian et al.[23] pointed out that gap in communication between teams and team 
members can cause integration failure. The study [23] presented how information overload lead a 
particular integration build to failure. After integration failure of a build it was revealed that person 
responsible for integration of that build sent a notification email to all developers about time of the 
integration and requested to keep the related files in good shape, but one of the developer was not 
even able to read the notification email due to overload of information and made changes that cause 
integration failure. 

Literature and Expert references 

Failure Factor Literature Reference Expert Opinion 
Information overload [23]  
 

Factor 13: Modularization of Work 

If remote teams are working independently and not communicating regularly, such type of work 
modularization can create problems at integration stage. There may be conflicting assumptions about 
functional modules.  

Research Summary: 

Modularization of work can create problems at the time of integration, for example if remote teams 
are too independent and not communicating on regular intervals with other teams during development 
stages then incorrect and conflicting assumptions about functional requirements can create difficulties 
in integration process [81] [15]. Conversely, keeping emphasis on international semiconductor on 
division of labor may be a reason to lead them away from the practice of continuous integration. It 
was also surprisingly observed that during interview no participant showed his interest on using agile 
development like test driven development, which have proven to avoid "big bang" integration in 
global software development [81].  

A study by MacGregor et al. [82] describes that the project had difficulty in integration phase due 
to architecture of the system which assigned modules to collocated teams so integration effort tended 
to be across cultural boundaries. Performance and bug fixing were the most problematic phase as 
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these occurred across cultural boundaries. The communication required between remote team 
developers quickly exceed while working on an integration area [82]. 

Literature and Expert references 

Failure Factors Literature Reference Expert Opinion 
Modularization of Work [81],[15], [82]  

Factor 14: Uncooperative Behavior in Remote Team Members 

Information hiding reduces minimal communication between teams that causes inconsistency in 
the evolution of projects, often resulting in integration problem. 

Research Summary: 

Sometimes a team or developer deliberately breaks the build to force a reaction from other teams 
to attain a desired outcome [21]. This can happen when a dependent piece of work was late but the 
submitter has developed a fix that will work in their local workspace using expected contribution from 
the blocking team. When integration at the project level was attempted, its failed, and it appeared that 
the blocking party was at fault [21]. A study [85] claims that the product development literature argue 
that hiding information reduce minimal communication between teams, that causes inconsistency in 
the evolution of projects, often resulting in integration problem. 

Literature and Expert references 

Failure Factors Literature Reference Expert Opinion 
Uncooperative behavior in 
remote team members 

[21],[85]  

Factor 15: Different Assumptions about Functionality of the Modules Developed By the 
Designers 

This problem produces inconsistencies between interfaces and behaviors of modules. It makes 
difficult to know how entire system will work and identifying source of errors during integration 
process. Furthermore, changes made to fix these errors may cause inconsistencies and require further 
modifications in other modules. 

Research Summary: 

The module developers at different location may have different assumptions about the 
functionality of the modules and how these modules will interact with each other [34]. These 
assumptions made by the designers in the requirement, specification, design, and implementation 
phase, so at the time of integration, inconsistencies between the interfaces and behaviors of the 
modules may cause failure of the integration process even though each program in every module work 
correctly by itself. Since the designers have not a complete idea as how the entire system will work, 
identifying the source of errors during integration process is difficult. Even if the source of errors has 
been found and fixed, changes made to fix these errors may cause inconsistencies and require further 
modifications in other modules [34]. 
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The study [86] describes that if each implementation group located at different site, with different 
interpretation of component specifications and software requirements that can lead to incompatible 
sub-systems or components. This will cause severe integration problems. 

Literature and Expert references 

Failure Factors Literature Reference Expert Opinion 
Different assumptions about 
functionality of the modules 
developed by the designers 

[34],[86]  

Factor 16: Change in Requirements Regarding Technology and Functionality 

Adding new technologies or functionalities by changing condition in environment or by change in 
expectation of users that requires adding new functionalities and removing old ones at the design, 
implementation, or maintenance stages of the development process cause integration problems.  

Research Summary: 

Adding new technologies or functionalities also cause problems in integration process [34]. 
Software systems are dynamic objects and go through incremental changes during their lifespan. Due 
to changing conditions in environment, modifications may be required that force the system to adjust 
itself in different situations or by the change in expectations of its users. Software users are mostly 
well aware of what they want from their system and often they suggest changes to the system 
specification after the software development has been started [34]. In other words, expectations of the 
system may be different from the original intention. Such type of modifications usually requires 
adding new functionalities and removing old ones to match the new requirements. The changes may 
occur at the design, implementation, or maintenance stages of the development process. There should 
be a mechanism to introduce new functionalities without disturbing overall consistency of the system 
[34]. 

Literature and Expert references 

Failure Factors Literature Reference Expert Opinion 
Change in requirements 
regarding technology and 
functionality 

[34]  

Factor 17: Big Bang Integration 

Working with large number of interdependent teams needs multiple levels of integration in form of 
shared library, subsystem, cluster and system levels produced specific challenges as the amount of 
inter site interactions increased and caused big bang integration problem. 

Research Summary: 

Ramamoorthy [34] describes that working with large number of interdependent teams cause many 
simultaneous problems in integration process. It also increases integration effort. Moreover, multiple 
levels of integration required in form of shared library, subsystem, cluster and system levels. Each 
produced specific challenges as the amount of inter site interactions increased and caused big bang 
integration problem [34]. Another study [41] described that there are lot of uncertainties in current 
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environment, first dividing the software into modules and then providing the details about these 
modules to each site is difficult often impossible. Further, developing software in this way is 
challenging as integrating all the modules in a big bang is more problematic since integration can 
create huge problems that may have not been expected. 

In expert K opinion, trying to integrate late often takes more time than anticipated and feedback on 
the whole system is not collected until it is too late. 

Literature and Expert references 

Failure Factors Literature Reference Expert Opinion 
Big bang Integration [40],[41] [Kf1] 

Factor 18: Incompatibilities between Components 

Incompatibilities between components identified during system test and quality attributes that 
affected in end-to-end test scenarios. This leads to a costly and unpredictable integration process. 

Research Summary: 

 The study [87] by Bosch, observed that while product integration, incompatibilities between 
components were identified during system test and quality attributes affected in end-to-end test 
scenarios. This leads to a costly and unpredictable integration process that, being at the closing stages 
of the development cycle, creates major difficulty at the affected companies. 

Literature and Expert references 

Failure Factors Literature Reference Expert Opinion 
Incompatibilities between 
components 

[87] 
 
 

 

Factor 19: Profiling as an Optional Activity 

Many project mangers assume profiling as an optional activity and in such situation project teams 
habitually end up spending more time, effort and money later in order to isolate and resolve problems. 

Research Summary: 

According to Caprihan [88] experience, most of the project mangers assume profiling  (the code of 
application as it gradually develop) as an optional activity and according to them it can be carried out 
as the time permits, after meticulous unit level functional testing. This fix-it-later attitude most often 
become counter-productive in the long run as in such situation project teams invariably end up 
spending more time, effort and money later in order to isolate and resolve problems. 

Literature and Expert references 

Failure Factors Literature Reference Expert Opinion 
Profiling as an optional activity [88]  

Factor 20: Deviation from Agreed Architectural Specification 
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A critical issue called “architectural drift” occurs when the design of individual software 
components and subcomponents handed over to remote teams and they deviate from agreed 
architectural specifications can potentially cause severe integration problems. 

Research Summary: 

A critical issue in geographically distributed software design is the problem of “architectural drift” 
[89]. At design level when the design of individual software components and subcomponents handed 
over to remote teams, they should remain strict to the design, the constraints and interfaces specified 
in the software architecture. Deviation from agreed architectural specifications can potentially cause 
severe integration problems when the completed components are assembled into the software system 
[89]. 

Literature and Expert references 

Failure Factors Literature Reference Expert Opinion 
Deviation from agreed 
architectural specification 

[89]  

Factor 21:  Immature Global Infrastructure 

This problem occurred when global infrastructure within the company not good enough to handle 
the distributed environment like limited bandwidth of the network between the regions, incomplete 
hardware configuration, including hardware and firmware connectivity. 

Research Summary: 

 Yap [90] describes about a project in which global infrastructure within the company was not good 
enough to handle the new distributed environment. The bandwidth of the network between the regions 
was too limited and not capable to allow large amounts of data traffic within the network. The 
developers in different regions struggled with long delays during file copies and continuous 
integration builds processes across servers situated in different regions [90]. In the projects where 
code developed on different sites, they mostly use commercial tools that provided some support for 
distributed code base and change management system [49].  In one of the project, initially set up 
different code branches at each site, but later on concluded that it was a serious mistake when 
integration proved extremely difficult. They quickly shifted over to a single branch for both sites. 
Another problem in one project encountered was the fact that they did not have a complete hardware 
configuration, including hardware and firmware connectivity, etc due to that duplicate error 
discovered at other sites. They were hesitating in spending money on these equipment and tools that 
created problem in later stages of development. One project manager from India indicated that most 
important lesson learned in distributed development environment was slow connection speed while 
none of the European or US interviewees pointed this issue. They have no idea that it was such a big 
problem for their Indian colleagues [49]. 

The study [19] describes that sub-teams in the project were provided separate wikis at the start of 
the project. These wikis served as communication backbone on the global project. However later on, 
an attempt to create a specific integration wiki in the project to share materials was a good step but it 
was too late. Indian student team member waited for emails regarding the changes but they did not 
check the shared wikis regularly that were updated by their US team members. Shared resources not 



109 
 

make sure to imply shared awareness. The technology support for global projects needs careful design 
and processes before the first document on the project is even summarized [19]. 

Expert C describes that some failures occur due to change in hardware environment e.g. software 
tested on Dell machines but it was developed on Abox machines (very small PC’s), failed, so problem 
in inconsistencies of testing hardware can create integration problems. 

According to expert G, role of project management becomes vital as the size and scale of project 
increases, if project manager is not capable to understand the complete hierarchy, each and every 
aspect of the project and requirements of the groups. 

Literature and Expert references 

Failure Factors Literature Reference Expert Opinion 
Immature global  Infrastructure  [90],[49],[19] 

 
[Cf4],[Gf5] 

Factor 22: Different Versions of Tools 

Problems often occurred when developers attempt to integrate the artifacts produced with different 
tools e.g. different versions of the same complier and which were specific to the sites in which they 
were used. 

Research Summary: 

In global distributed sites, different software processes and development tools (editors, compilers 
and configuration management repositories) are employed. Problems often occurred when developers 
attempt to integrate the artifacts produced by different tools [91]. Developers discovered that the 
development tools have classically evolve asynchronously  e.g. different versions of the same 
complier and were specific to the sites in which they were used. Such types of situation are common 
and mostly originate from acquisition and union of companies [91]. 

Expert F describes that code versions and source controls play important part and it becomes more 
and more difficult when it goes global. The synchronization and coordination should be managed. 
 

Literature and Expert references 

Failure Factors Literature Reference Expert Opinion 
Different versions of tools [91] [Ff4] 

Factor 23: High Number of Syntactic Dependencies 

The higher the number of syntactic dependencies (measures associated with input and output 
interfaces) that a software component exports, causes the higher number of defects reported during 
system integration against its related software component. 

Research Summary: 

The authors of the study [74] analyzed that by examining syntactic dependencies related measures 
associated with input and output interfaces, it was observed that output interfaces has a statistically 
significant effect. In addition it also specified that the higher the number of syntactic dependencies 
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that a software component exports, causes the higher number of defects reported during system 
integration against its related software component. 

Literature and Expert references 

Failure Factors Literature Reference Expert Opinion 
Higher number of syntactic  
Dependencies 

[74]  

Factor 24: High Time Zone Differences 

With high time zone differences, where teams are distributed in different locations, increased the 
number of defects, surfaced during integration phase.  

Research Summary: 

In temporal dispersion, where different locations of software development were involved with high 
time zone difference, increased the estimated number of defects that dug out in the system integration 
phase of that software component [74]. 

In distributed environment, subsystems are developed at different geographical locations whereas 
system integration is often done at different physical locations which make it difficult and complex 
[29]. From software intensive technical product side, one cannot get around this as components are 
physically required to be connected to form a functional product. In administrative IT environment, 
here subsystems located at different physical locations, connect to form a single logical and functional 
entity. This creates problems in integration testing. Problems can arise at different physical or logical 
locations in the chain and to identify the problem, are therefore difficult and require urgency. 
Integration problems in physically distributed software development are expected [29]. 

According to expert A, offshore software outsourcing to geographically dispersed companies often 
creates communication problem because of time zone difference. Client and service provider has to 
schedule phone calls and meetings. Emailing works but it can be unsatisfactory when email sent on 
critical change at the afternoon of one country and reaches to development team at midnight. Expert E 
mentioned cycle time, time it takes a minimum of one day to respond back to the client due to time 
differences. In expert G opinion, in a GSD Project one of the major contributors is the location of 
different development groups at remote location that come with the fact different time zones and it 
result in minimum time for different groups to interact with each other. Expert H describes that 
contractors who were working at night may be tired and not as able to think clearly when 
collaborating real-time with a team working during the day-time.  This has happened with expert 
himself several times when he was pushing contractors to do work fast at 2 a.m. their time and they 
kept making mistakes. They should have been asleep but were trying to do what I wanted when I 
wanted them to do it. Expert I describes that different time zones for distributed teams make it 
difficult to interact frequently thus introducing the risk of a failure during integration phase.  

Literature and Expert references 

Failure Factors Literature Reference Expert Opinion 
High time zone difference [74],[29] 

 
[Af6],[Ef3],[Gf1],[Hf4],[If2],[Kf4] 

Factor 25: Unrealistic Deadlines Setting By Managers 
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This problem occurred when manager sometimes not well aware about assigned work to 
developers within their teams and so often assigned deadline for developers which were not realistic.  

Research Summary: 

A study [74] by Cataldo and Nambiar reveals that manager sometimes not well aware about 
assigned work to developers within their teams and so often assigned deadline for developers which 
were not realistic.  The project described a case study that shows how software manager was not 
aware of the current status of integration between her team members and other software developers in 
the project. When she finds out that integration has not started, she realized that one developer was 
not able to finish his work before the deadline due to unrealistic work load. 

According to expert A, when developers were forced to sacrifice sound software development 
practices to ridiculous schedules the results were rarely good. The few successful outcomes were 
based on heroics that were rarely repeated on future death marches. When working at breakneck pace, 
stressed developers make more mistakes and have less time to find them. The only way to mitigate 
these death march travesties is through enforcing strong project management practices. Controlling 
commitments through planning, tracking progress to identify problems and controlling endless 
requirements changes are critical practices for providing a professional environment for software 
development. 

Expert G mentioned that role of project management becomes vital as the size and scale of project 
increases if the project manager is not capable to understand the complete hierarchy and each and 
every aspect of the project and requirements of the groups. 

 

 

Literature and Expert references 

Failure Factors Literature Reference Expert Opinion 
Unrealistic deadlines setting by 
managers 

[74]  
 

[Af1],[Gf5] 

Factor 26: Unrealistic Assumptions and Predictions in Integration Plan 

This problem occurs due to many unrealistic predictions and assumptions in initial plan and 
software development planning difficulties related to change in requirements, staff issues and tight 
schedule. 

Research Summary:  

A case study presented by  Herbsleb et al. [30] describes that a plan for integration of the system 
was worked out that consist on forty steps that would combine overall product together. This initial 
plan was not closely followed because it based on many predictions and assumptions that were not 
realistic. For success of the integration plan, the components need to be integrated from different sites 
had to be available at the right time [30]. The project mentioned in the case study suffered from many 
usual difficulties of planning software development, e.g. change in requirements, staff issues and tight 
schedule. Another problem was the virtual impossibility of prediction of the efforts and timing of a 
development of new product developed in a new organization. The components were not ready for 
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integration on the schedule described in the plan. The initial original plan proved to be very optimistic 
[30]. 

Literature and Expert references 

Failure Factors Literature Reference Expert Opinion 
Unrealistic assumptions and 
predictions in integration plan 

[30]  

Factor 27: Informal Specifications Refinement 

The informal improvements are not usually recorded in the documentation, caused problems when 
the original developer left and a new developer not aware to the informal specification refinement 
took over.  

Research Summary: 

The informal improvements were often, but not usually recorded in the documentation [30]. This 
caused problems on a number of occasions, especially when the original developer left and a new 
developer not aware to the informal specification refinement, took over. It also created problems in 
the test phase. When integration surfaced these problems and differences, the developers faced extra 
challenges of finding the accurate people to contact who were organizationally and physically remote 
[30]. 

Literature and Expert references 

Failure Factors Literature Reference Expert Opinion 
Informal specifications 
refinement 

[30]  

Factor 28: Inconsistent Design Documentation Technology Selection 

This problem occurs when technologies used to support the development of the code from design 
documents are not able to handle the complexities of the application domain. 

Research Summary: 

Documenting the software process supports access to accurate and reliable information [30]. The 
project mentioned in study [30] experienced a number of challenges in documenting the process and 
decision. First the technologies used to help with documentation did not meet expectations. Especially 
the technologies used to support the development of the code from design documents were not able to 
handle the complexities of the application domain. Ultimately this problem was solved by using an 
alternate tool, and so the first break between the design and the code was appeared. From this point on 
developers would have to update the design documentation and their code manually to reflect the 
changes. Due to tight schedule the developers proceeded with the coding and slowly the code deviated 
from the design. While other people still relaying on same documentation to design their own 
components and test [30]. In integration all these inconsistencies were revealed. Testers claimed that 
code was failing in certain tests due to documentation, other developers pointed out towards the 
documents that explained behavior that they had understood was still exhibit by the code. All of these 
discrepancies had to be set on as part of building a successful working product [30]. 
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Literature and Expert references 

Failure Factors Literature Reference Expert Opinion 
Inconsistent design 
documentation technology 
selection  

[30]  

Factor 29: Lack of Continuous and Active Management of the Architecture Along With Change 
Control Including Representation of All Involved Parties 

Lack of active management of the architecture mostly leads towards critical problems which only 
surfaces during integration stages of the project. 

Research Challenge:  

Lack of continuous and active management of the architecture along with change control including 
representation of all involved parties, mostly lead towards critical problems, which only surfaces 
during integration stages of the project [7]. 

Literature and Expert references 

Failure Factors Literature Reference Expert Opinion 
Lack of continuous and active 
management of the architecture 
along with change control 
including representation of all 
involved parties.   

[7]  

Factor 30: Lack of Required Knowledge and Skills Regarding Integration 

This problem occurred when integration perceived to be a less attractive and low level job and the 
presence of site experts also frequently ignored during integration phase. Therefore, integration team 
often lacks required domain and system expertise.  

Research Summary: 

The study [7] claims that integration team of global  developed software don't have required 
knowledge and skills regarding system integration. One of the reasons behind that, though sufficient 
and competent resources allocated to development teams but integration was perceived to be a less 
attractive and low level job. Therefore, integration team often lacks required domain and system 
expertise in order to master the complexity of integrating all components into one system [7]. In 
addition, architects usually poorly involved during integration phase, while have sufficient resources 
that significantly needed overview of the entire system. Moreover, the presence of site experts also 
frequently ignored during integration phase of the system, as their participation normally not included 
in the plan. A `throw it over the wall' attitude is generally encountered in distributed software projects. 
Teams habitually think that they are only responsible to deliver their assigned components, and don't 
take any responsibility for the realization of the whole system [7]. 

The people responsible for performing the system integration should be experts of the area and 
they can at least able to identify first diagnosis when integration problems occur [29]. In 
administrative environment, the knowledge required is general IT and domain knowledge while in 
embedded software environment, this is rather the technical knowledge about the product and the 
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technologies used. By having enough knowledge about the product, the integrator should be able to, at 
least find a temporary solution. Normally much time is wasted in searching the original developers 
and then deploying them on diagnosis of the problems at hand. Often developers are not available at 
that time as they may have transferred to any other location, project or department [29]. In case of 
distributed environment where multiple parties are involved and information is required to flow along 
several lines, much time is required to locate and make available the original developers. Another 
problem is to have the right (expert) knowledge available at the right place and at the right time.  
While starting a new project, it is sometimes even not clear what type of expertise will be required 
[29]. 

Literature and Expert references 

Failure Factors Literature Reference Expert Opinion 
Lack of required knowledge and 
skills regarding integration 

[7],[29]  

Factor 31: Late Detection of Defects 

This problem occurs when late detection of defects concentrated in the integration test phase. 
Dispersed defects mostly from the technical requirements phase transition will be hidden here. These 
hidden defects lead to integration problems and project delays.  

Research Summary: 

A study by Jacobs et al. [92] explains that in a project causes of late detection of defects were 
concentrated in the integration test phase. At this lifecycle transition the components that were 
developed in the sub-projects, integrated and later tested. Dispersed defects mostly from the technical 
requirements phase transition remain hidden here. These hidden defects lead to integration problems 
and project delays. Insufficient test coordination was the major cause for late detection of defects. 
Project delays intimidate the execution of appropriate integration test [92] 

Literature and Expert references 

Failure Factors Literature Reference Expert Opinion 
Late detection of defects [92]  

Factor 32: Business and Personal Incentives 

This problem occurred when at the business level, collaborating organizations are also being the 
competitors in some of the areas. A cooperative development after some time may become more 
competitive when the organizations are selling products independently. 

Research Summary: 

A case study [49] based on nine GSD projects, describes that in early key decisions of creating 
multi-site, multi-organizational arrangement were interests and incentives of the participants. At the 
business level, collaborating organizations can also be the competitors in some of the areas. 
According to the study, authors observed it in several ways. For example at the time of integration 
when modules were combined into one suit, it may be viewed as a competitor by the unit that 
developed the standalone product. It was not obvious that revenue consequences would be favorable 
for the organization or the people involved in the product development. A cooperative development 
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after some time may become more competitive when the organizations start selling products 
independently. In such situations, it may not be clear to all the participating parties that cooperation 
was in their best interest [49]. 

Literature and Expert references 

Failure Factors Literature Reference Expert Opinion 
Business and personal incentives [49]  

Factor 33: Lack of Face to Face Meeting during Integration Process 

Without face to face meeting, it is very difficult to overcome disagreement and this often results to 
misunderstanding and miscommunication and therefore, put a great impact on system integration. 

Research Summary: 

A major challenge is how to create feelings of “tameness” between GSD projects members [93]. 
Projects management travels and met each other often than the developers and according to 
developers they felt that they were two different teams. Face to face interaction is required in critical 
phases such as integration which is a crucial phase as there can be unexpected behavior. Software 
developers and low level project participants generally not met each other in critical phases which can 
create problems. Software developers/team leader at Intel mentioned that “We try to travel for 
integration phase and we also fly people over for key features” [93]. 

In multi-site software development integration team who assemble entire developed components 
into complete system may also belong to remote places either physically or through outsourcing [46] 
while they were working on the same software but as there were different experts groups involved and 
they have used different terminologies, it was often found very difficult to overcome disagreement 
without face to face meeting and this often results to misunderstanding and miscommunication and 
therefore, put a great impact on system integration. In addition in such situations on time delivery of 
the product also become critical [46]. 

According to expert I opinion, in geographically distributed teams, it is bit difficult to continuously 
keep everyone on the same page. Lack of pre-integration communications can result in a deliverable 
that is not exactly as per the expectations. 

Literature and Expert references 

     Failure Factors Literature Reference Expert Opinion 
Lack of face to face meeting 
during integration process 

[93],[46] [If1] 

Factor 34: Ad-hoc Re-Planning 

Ad-hoc re-planning that often happens in the middle of iterations, mismatch the actual deliveries 
with planned deliveries, as a result it was not clear what the central team needed to integrate and test. 

Research Summary: 

A study by Mullick et al. [94] presented a case study in which the original test plan reflected the 
project plan, the integration plan and systems tests were extracted from the requirements related with 
the features planned for a given integration [94]. Due to the ad-hoc re-planning that happened in the 
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middle of iterations, however, the actual deliveries frequently didn’t match the planned deliveries, as a 
result it wasn’t clear what the central team needed to integrate and test. The result was often not up to 
the standard, untested and poor quality deliveries  [94]. 

Like any form of testing, incidents may occur during system integration testing procedure. Incident 
management is defined as the process of recognizing, investigating, taking action and disposing of 
incidents. The reason of test incidents often cannot be explicitly identified [29]. First the problem is 
determined and then immediately the problem is solved on the spot. In this way the test execution is 
completed in which neither the problem nor the solution is registered. Integration test team is 
responsible for incident management. If important incidents and their solutions are already registered, 
this helps in future system integration and deliveries. A web-based incident management system is a 
tool that has proven its support here [29]. 

Literature and Expert references 

     Failure Factors Literature Reference Expert Opinion 
Ad-hoc re-planning [94],[29]  

Factor 35: Avoiding Tools and Processes to Manage and Control Architecture Evolution   

This problem occurs when during project development, in order to manage and control architecture 
evolutions rigorously and to prohibit architecture erosion, appropriate tools and processes were not 
employed. This ultimately produced too many problems at the time of integration.  

Research Summary: 

By taking one of early GSD projects into consideration, a study [97] reported its experience that 
during project development, in order to manage and control architecture evolutions rigorously and to 
prohibit architecture erosion, tools and processes were not employed. In further this ultimately 
produced too many problems at the integration points. As too much architecture violations entailed 
laborious rework and re-factoring phase. Moreover, these unplanned efforts also increased time 
pressure that further reduced the willingness to control evolution of architecture. [97]. It also noted 
that compliance to rule and processes was hard to enforce. All these issues were further shaped into 
inappropriate integration strategy as formal code integration was performed only on monthly basis. 
This repeatedly inappropriate integration strategy lead to critical big bang effect, where it became 
crystal clear that large extends of the code did not compatible to each other [97]. 

Literature and Expert references 

     Failure Factors Literature Reference Expert Opinion 
Avoiding tools and processes to 
manage and control architecture 
evolution   

[97]  

Factor 36: Irregularities between the System due to Lack of Tool and Technology Knowledge 

This problem occurred when decision taken to integrate different global site team’s application 
with two underlying but separately developed technologies for scheduled release. 

Research Summary:  
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A filed study conducted by Avram et al. [98] on global multinational organization's projects 
describes that by observation and analysis, organization made many achievements during the course 
of organization’s historical work. Consequently in the race of these achievements a notable 
heterogeneity among the technologies and practices remained in use of different global sites but 
within the way of standardization imposed by the multinational parent organization. The study 
analysis noticed some challenges when decision was taken to integrate different global site teams 
application with two underlying but separately developed technologies for scheduled release. Even as 
different teams belong to same global organization, but they inherited different organizational norms 
and practices from their pervious worked organizations and experienced different software toolsets 
locally. In the study, investigated project had 2 portal and one runtime team that were using different 
tools for different purposes like version control/configuration management system (CDTS) that 
included an integrated defect tracking functionality, bugs tracking system (BTS) and a ‘bridge’ 
application that was available within the organization to connect and synchronize the two systems. 
The local team was very well experienced to use BTS technology but lacked in CDTS. As defect 
pointed out in BTS was not updated in CDTS. The big problems comes when integration decision was 
taken, as during development process due to lack of knowledge and familiarity with the CDTS, teams 
required to perform extra work and these  irregularities between the systems created critical problem 
during integration and release [98]. 

According to expert A, most developers are proficient in several computer languages and 
technologies. However, modern multi-tier business applications are a complex tangle of many 
computer languages and different software platforms. These tiers include user interface, business 
logic, and data management, and they may interact through middleware with enterprise resource 
systems and legacy applications written in archaic languages. Few developers know all of these 
languages and technologies, and their incorrect assumptions about how other technologies work is a 
prime source of the non-functional defects that cause damaging outages, data corruption, and security 
breaches during operation.  The best way to mitigate this cause is to cross-train developers in different 
application technologies, conduct peer reviews with developers working in other application tiers, and 
perform static and dynamic analyses of the code. Expert B feels that professional experience 
regarding technology used is also considered as a key factor. It primarily depends on the development 
teams experience with the related technology.  Expert E considers developer qualification as an 
important factor and describes that off-shore developers have a wide variety of skill levels but they 
might now fully quipped and well qualified. Only following a test plan is not always sufficient to test 
software.  Complex software requires business knowledge for testing.  

Expert F describes that in most cases, the culprit behind the failure of a deployment is issues going 
un- identified during and after integration testing and another important factor is that all the teams 
involved should be well versed with the technologies and the business logic of the application. 

Literature and Expert references 

     Failure Factors Literature Reference Expert Opinion 
Irregularities between the system 
due to lack of tool and 
technology knowledge 

[98]  
 

[Af5],[Bf3],[Ef4],[Ff1],[Ff3] 

Factor 37: Shared Untested Versions of Components Using Integration Centric Approach 

Integration centric approach in which organization mainly relies on integration phase, although this 
practice offers a way to simplify the integration phase, but in this approach untested version of 
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components being shared among components teams causes critical inefficiency that would not been 
practiced. 

Research Summary: 

Many organizations using an integration centric approach in which organization mainly relies on 
the integration phase of the software development life cycle [87]. During early stages allocation of 
requirements to the components has to be made. During development phase, components associated 
with teams, components that are required to implement the allocated requirements. When the 
development of the components come to an end and making up the system is finalized, the integration 
phase starts in which integration of the component is performed in order to integrate the component 
into overall system. At this stage, usually various integration problem found that required to be 
resolved by the components teams [87]. If the components not tested by the development team during 
development phase, this makes integration phase much harder as this phase may also uncover large 
amount of problems that further require analysis, allocation to component teams, coordination among 
teams and continuous retesting of all functionality because fixing one problem can bring in others. In 
order to overcome this problem component teams usually share their version of software that is still 
under development. Although this practice offers a way to simplify the integration phase, but the 
challenge is that the untested version of components being shared among components teams causes 
critical inefficiency that could have not been practiced, but it would be more productive if only more 
mature software assets will be shared [87]. 

Literature and Expert references 

     Failure Factors Literature Reference Expert Opinion 
Shared untested versions of 
components using  integration 
centric approach 

[87]  

Factor 38: Inadequate Task Dependencies that Occur Through Systematic Properties 

Project task dependencies occur through systematic properties initiates duplicated work effort, 
conflicting solution from different remote teams and integration problems. 

Research Summary: 

When work packages were determined from a product architecture which derived using object 
oriented analysis and design methodology [101]. The project task dependencies that occur through 
systematic properties like memory footprint and performance budgets were not adequately 
investigated. This initiates duplicated work effort, conflicting solution from different remote teams 
and integration problems [101]. 

Literature and Expert references 

     Failure Factors Literature Reference Expert Opinion 
Inadequate task dependencies 
that occur through systematic 
properties 

[101]  

Factor 39: Badly Engineered Software 



119 
 

Due to complex code, half of the time spent modifying existing software or trying to figure out 
what is going on in the code. 

Expert Opinion: 

Expert A describes that two-thirds or more of most software development activity involves 
changing or enhancing existing code. Studies have shown that half of the time spent modifying 
existing software is expended trying to figure out what is going on in the code. Unnecessarily 
complex code is often impenetrable and modifying it leads to numerous mistakes and unanticipated 
negative side effects. These newly injected defects cause expensive rework and delayed releases. The 
best way to mitigate this cause is to re-factor critical portions of the code guided by information from 
architectural and static code analyses.  

Literature and Expert references 

     Failure Factors Literature Reference Expert Opinion 
Badly Engineered Software  [Af2] 

Factor 40: Lack of Domain Knowledge 

Most developers are not experts in the business process and domain so they miss understand 
functional requirements. 

Expert’s Opinion: 

According to expert A, perhaps the greatest contributor to poor software quality is the unfortunate 
fact that most developers are not experts in the business domain served by their applications, be it 
telecommunications, banking, energy, supply chain, retail, or others. Over time they will learn more 
about the domain, but much of this learning will come through correcting defects caused by their 
mistaken understanding of the functional requirements. The best way to mitigate this cause is to 
provide access to domain experts from the business, proactively train developers in the business 
domain and conduct peer reviews with those possessing more domain experience. Expert B also 
mentioned the fact that some time development team do have domain experience but developing a 
system for a different region reduced the quality of that domain knowledge, as in different part of 
work one word can be interpreted in different meanings. Expert E thinks it is hard for a remote person 
to have sufficient business knowledge to create effective functional specs while expert F believe that 
often there is a communication gap between entities in the teams, which lead to the failure. 
Literature and Expert references 

     Failure Factors Literature Reference Expert Opinion 
Lack of Domain Knowledge  [Af4],[Bf4],[Ef2],[Ff2] 

Factor 41: Last Time Changes When Release Date is ready 

Last time changes in one module always create problems. 

Expert Opinion: 

When one product version is ready then last time changes in one module always create the 
problem because at that time the time is very short to test and release date is ready so these changes 
affect other modules compatibility. 

Literature and Expert references 
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     Failure Factors Literature Reference Expert Opinion 
Last time changes when release 
date is ready 

 [Cf2] 

Factor 42: Lack of Integration Documents and Manuals 

Appropriate documentation of expectations regarding module’s input and output. Integration 
documentations should be detailed at maximum level to avoid any compatibility issues between 
modules. 

Expert Opinion: 

In a distributed software development environment, the documentation plays an important role. If 
modules are being developed at different places by different people then they must have exact 
documentation of the expectations of modules regarding their input and the generated output if any. 
Because in this case one module will be using data as input from output of another module or they 
will be sharing information between them so that integration documentations should be detailed at 
maximum level to avoid any confusion which may cause the teams to develop something from scratch 
again because of any compatibility differences. 

Good documentation is the basis for an adequate system integration and software development 
community not really unknown to the problem of underestimating importance of good documentation 
[29]. Each party have its own documentation that explains what the product is expected to do and then 
documentation is distributed to all dependent parties, but it is not reviewed at reasonable level. Stuff 
like version control, document revision and redistribution are not managed in proper way. Later on the 
contents of the documents start diverting between dependent parties. No problems rose at individual 
party level but it is not before system integration that problems become painfully visible where 
rework can be extremely costly [29]. 

Literature and Expert references 

     Failure Factors Literature Reference Expert Opinion 
Lack of Integration documents 
and manuals 

[29] [Df1] 

Factor 43: Ambitious Time Lines due to Different Group Clashes 

To score some points over different groups, some groups give quite ambitious time lines that result 
in total collapse of the project. 

Expert Opinion: 

According to expert  G, in case of enterprise where different groups are in boundary of different 
countries then there is un said tussle among the groups and in order to score some points over 
different groups some group give quite ambitious time lines and when those groups are not able to 
meet their deadlines that result in total collapse of the project. 

Literature and Expert references 

     Failure Factors Literature Reference Expert Opinion 
Ambitious Time Lines due to 
different group clashes 

 [Gf4] 
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Factor 44: Hiring Based on Lowest Cost of Labor 

Project managers need to consider that lower cost contractors may require more supervision.  

Expert Opinion: 

Hiring global contractors at a 30% lower cost may seem like a good idea. However project 
managers need to consider that lower cost contractors may require more supervision. If the PM spends 
30% more time supervising (at likely a rate of 300-1000% more per hour cost of his time) then it 
would have been more cost effective to hire a more experienced, higher cost employee. 

Literature and Expert references 

     Failure Factors Literature Reference Expert Opinion 
Hiring based on lowest cost of 
labor 

 [Hf2] 

Factor 45: Lack of code implementation views/modules 

Expert Opinion: 

Expert J describes that failures will occur when there are overlapping sets of source code and no 
hierarchy for implementation units’ decomposition. 

Literature and Expert references 

     Failure Factors Literature Reference Expert Opinion 
Lack of code implementation 
views/modules 

 [Jf2] 

Factor 46: Assigning Functional Module without Matching Skills 

Expert Opinion: 

Components/functional modules are distributed between teams without matching the skill sets with 
the complexity of modules. 

 
Literature and Expert references 

     Failure Factors Literature Reference Expert Opinion 
Assigning functional module 
without matching skills 

 [Jf3] 

Factor 47: Ignorance of Rigorous Unit and Integration Testing During Development and 
Quality Assurance Phase 

Expert Opinion: 

Failures will occur if rigorous unit and especially integration testing is not performed during 
development and quality assurance phases. 

 
Literature and Expert references 
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     Failure Factors Literature Reference Expert Opinion 
Ignorance of rigorous unit and 
integration testing during 
development and quality 
assurance phase 

 [Jf4] 

 

Success Factors  

Factor 15: Formal Interface Descriptions 

Simulators (stub, drivers) can be used to early discover integration problems and minimize gap 
between unit and integration testing. 

Research Summary: 

In formal interface descriptions it is possible to automatically generate smart simulators of remote 
modules which based on their specifications [9]. These simulators (stub/drivers) can be used in pre 
integration checks during integration testing that early discover potential interfacing problems. This 
can enhance quality of unit testing at any site and also minimize gap between unit and integration 
testing [9]. 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Formal Interface descriptions [9]  

Factor 16: Continuous Integration and Use of Integration tools 

Regular automatic compilation and integration tests, use of build tools, integrate daily. (Agile 
practices) 

Research Summary: 

Continuous integration involves regular automatic compilations and integration tests of all 
software units [102]. This concept is widespread and can be regarded as best practice in software 
development. The main aim of continuous integration is to identify and eliminate integration issues as 
early as possible [102]. The application of an integration tool provides a better overview of 
compilations, related bugs and test as well as features for build tests [102]. 

A study [103] suggested that build tools, such as Cruise Control and its ancestor for instance the 
UNIX make utility, are productive and important tools to perform continuous integration (an agile 
development practice), which facilitates developers to integrate daily that basically help to reduce 
integration problem. 

According to expert opinion K there should be ability to build a product with all modules from the 
start (of course each module start off as extremely simple). 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Continuous integration and use [102],[103] [Ks1] 
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of integration tools 
 

Factor 17: Creation of Test Scripts for the Performance Test Process (Integration System Test 
Phase) 

Use of parallel integration testing while development and early removal of common code level 
bugs 

Research Summary: 

System integration test phase mostly done when application is completed, whereas it should be 
done in parallel along with application is gradually developed [88]. In addition to this test, engineers 
don't need to wait for the user interface to be completely integrated with the rest of the code. It can 
start off by writing scripts that can provide facility to the developers to test their application as they go 
along. COM/DCOM/RMI are multiple application protocols provided by most commercial load 
testing tools that can be used to develop unit level test scripts. By running these script in conjunction 
with profilers proved productive in isolating common code level problems early in the life cycle and 
save significant rework effort [88]. 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Creation of test scripts for the 
performance test process 
(Integration system test phase) 

[88]  

Factor 18: Use daily Build System and Tools 

Use of daily builds to overcome early integration problems minimizes interdependencies and 
decoupling. 

Research Summary: 

Daily builds overcomes the potential for integration problem through identifying them early [76]. 
As daily build systems guaranteed that the code is compiled without any defect/error and that unit 
tests ran successfully. Whereas if a problem occurred during this process  the daily build  system 
email to the central team and the team responsible for resolving problem and  made the last 
submission to the version control system [76]. 

According to authors of the study [100] tools are very useful to support distributed software 
development and large teams. Many commercial and in-house tools are available today to facilitate 
daily builds, integration testing, version control, regression and configuration management. With high 
speed connections, the tools that are useful in co-located projects can also work for a GSD project. 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Use daily build system and tools [76],[100]   

Factor 19: Top-Down Integration Strategy of the System 
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Integration starts with a frame that fulfills basic functionality of the system and later more 
components can be added.    

Research Summary: 

Philips experience [7] suggests that top-down integration strategy of the system is more preferable 
way to perform integration of a global  developed system. In this strategy, first integration starts with 
a “frame" of the system that fulfills the basic functionality of the system and then gradually the frame 
are filled by adding and replacing components. The main advantage of this strategy is that it always 
make possible to fall back to an operational version of the system and more importantly it facilitates 
the early validation of the architectural concepts. 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Top-down integration strategy of 
the system 

[7]  

Factor 20: Availability of Stable Architecture 

Making sure about requirement of the components integration are clearly specified. 

Research Summary: 

One good conditions for an integration plan is to ensure the availability of stable architecture in 
which requirements of the components integration are clearly specified [7] as experience showed that 
often these are not met. The integration plan should analyze all the factors regarding integration of the 
globally developed system that can go wrong and only surface during integration of the system. 
Expert J mentioned that components/functional modules distributed between teams without matching 
the skill sets with the complexity of modules.  

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Availability of stable 
architecture 

[7] [Js3] 

Factor 21: Interoperability to Link Interdependent Component Completion 

There are two ways of interoperability for the component integration. First via rules, plans and 
standards in order to adjust task performance and second by mutual feedbacks, adjustments and 
discussion during integration to align team member work. 

Research Summary: 

In multi-site distributed software development some additional activities are required to integrate 
the component successfully that are performed by multiple team members on different places [83]. 
These activities depend on interoperability to link interdependent component completion. The study 
[83] considered two ways of interoperability for the component integration. First rules, plans and 
standards in order to adjust task performance, second mutual feedbacks, adjustments and discussion 
during integration, to align team member work. 
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Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Interoperability to link 
interdependent component 
completion 

[83]  

Factor 22: Using Different Process with Clearly Specifying and Dividing the Work 

A uniform process at all sites, stable builds, the team that communicates, values each other and 
shares a purpose, integrates.  

Research Summary: 

In the study by Gotel et al.[19] Indian team members divided themselves into groups of twos and 
each group worked on different sides. They decomposed the work in this form because they felt that 
the two original core sides were not balanced. They worked on two separate requirements documents 
and were successful to uncover synergies and problems. They believed that it was good practice to 
work with two separate requirement documents as it helped to understand and identify requirements 
more clearly, but they faced some issues due to inconsistency in the common parts of the two 
documents. Integration at local level is easy when a team is dedicated to a common goal at many 
levels. 

In order to resolve processes compatibility issues, a study by Taweel et al.[95] suggests that all 
sites should force to use same process. In addition, another proposed solution is to let everybody use 
their own processes which provide a quick way to start a project. However, in this case, it is essential 
to clearly specify and divide the work. Moreover to avoid integration problem incremental integration 
plan required to develop that should be based on clusters and shared milestone to overcome big bang 
integration [95]. 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Using different process with 
clearly specifying and dividing 
the work 

 [19],[95]  

Factor 23: Iterative Process with Frequent Deliveries  

Long time independent development creates problems while iterative process makes sure that 
components are well tested.  

Research Summary: 

Authors of the study [45] shared their industrial experience regarding their companies, doing long 
period of independent development, tried to be prevented between different sites and partners which 
could lead to such modules that were very hard and some time impossible to integrate. In this regard, 
frequent devilries gave numerous benefits during integration in distributed software development. By 
using frequent deliveries practice, transparency of the work to all partners could also be obtained. In 
addition, when the customer and subcontractor used an iterative process along with frequent 
deliveries, in this way the subcontractor delivered functioning code on regular basis during the 
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development phase, for instance monthly or even weekly. As a result the delivery integrated into the 
system and tested. Most importantly, by following integration and testing frequent deliveries also 
ensured the work that has been done by sub contractor was compatible and according to the given 
requirement [45]. 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Iterative process with frequent 
 Deliveries 

[45]  

Factor 24: Minimize Interdependencies and De-Coupling 

Team coordination and de-coupling of the components play important role and there is need to 
minimize interdependencies. 

Research Summary: 

The author of the study [100] described a sequence as how global distributed teams work. The 
team members often need to review their code, design and test the builds with other components 
developed at other sites as often as possible. Some distributed teams like to work in really mini-
waterfall cycles that comprises of a week or two and then they perform their reviews, integration, bug 
fixing and system testing work for each cycle.  The key is to keep the team coordinated and the 
components de-coupled as possible to minimize interdependencies and integration “gridlocks” that are 
also known as infinite defect loops [100]. Expert B mentioned that as different modules developed by 
different teams working in different environment makes that the module less dependent. 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Minimize interdependencies and 
de-coupling 

[100] [Bs1] 

Factor 25: Terms and Conditions 

All parties must agree on each and every type of terms and conditions. 

Expert Opinion: 

According to expert A, all parties involved in GSD should make sure that everyone agreed on 
terms and conditions and nothing is left unclear between them. 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Terms & Conditions  [As3] 

Factor 26: Version Configuration 

Make sure that which version of which component is compatible. 

Expert’s Opinion: 
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Experts C and F describes version configuration respectively as , if deployed with all compatible 
versions of all modules then product runs successfully but for that the testing team should make sure 
that which version of which component is compatible. Version compatibility must be tested through 
proper versions testing to ensure successful integration. 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Version Configuration  [Cs1],[Fs2] 

Factor 27: Definite Date for Code Stop and All Modules Versions Locked With Marked 
Compatible Versions 

Version lock avoids last time changes. All issues then counted should be known issues and 
suggestions for next release. 

Expert Opinion: 

Expert C mentioned that there should be definite date for code stop and all modules version should 
be locked with marked compatible version. All issues then counted should be known issues and 
suggestions for next release. So that there is full throttle testing and last time changes did not effect. 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Definite date for code stop and 
all modules versions locked with 
marked compatible versions 

 [Cs2] 

Factor 28: Testing Hardware Compatibility 

Testing on same hardware which customer has decrease issues in integration. 

Expert Opinion: 

If the same hardware is provided in the local testing environment as customer is using then it also 
reduces the failures in actual environment. 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Testing hardware compatibility  [Cs4] 

Factor 29: Requirements Clarification Discussions and Meetings 

Detail discussion of requirements and documentation before starting work on the project.  

Expert Opinion: 

Since the teams are sitting at different locations, it is very important that the requirements are well 
discussed and documented before starting work on the project. The roles of teams and responsibilities 
for modules and their integration strategies should be discussed.  
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Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Requirements clarification 
discussions and meetings 

 [Ds1] 

Factor 30: Weekly Meetings 

Progress of teams discussed in weekly meetings to find any deviation so that can be verified and 
fixed early before integration starts. 

Expert’s Opinion: 

Experts D describes that the progress of teams should be discussed in weekly meetings so that any 
deviation can be verified at initial level and fixed as well. This makes sure that any issues are taken 
care of before integration stage. 

According to expert B, arrangement of frequent meeting on weekly or monthly basis is very useful 
to update all the remote developers 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Weekly meetings  [Ds3],[Bs3] 

Factor 31: Uniform Standard of Coding 

There should be uniform standards of coding at each site and proper protocol to move code from 
development to QA to production. 

Expert’s opinion: 

According to expert G, uniform coding standard is one of the biggest factors that can be one of the 
factors of successful integration of the project while experts J describes that proper protocol should be  
followed to move code from Development to QA to Production. 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Uniform standard of Coding  [Gs1],[Js1] 

Factor 32: Consistency of the Development Environment 

No last time surprises at the time of integration and there should be consistency of environment 
e.g.  JDK Version, application server version, run time environment version etc. 

Expert Opinion: 

It is imperative that all the development used by the development teams are consistent so that there 
are no last time surprises at the time of integration by consistency of environment it is meant JDK 
version, application server version, run time environment version etc. 

Literature and Expert references 
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     Success Factor Literature Reference Expert Opinion 
Consistency of the Development 
Environment 

 [Gs2] 

Factor 33: Product Champions 

Experts in integration make the process easy. 

Research Summary: 

A study by Gotel et al. [19] describes that the local integration of some sides proved to be more 
challenging in the US than in India. This was partially happened in US due to competition between 
the two of sub-teams that was raised from initial subdivision. For example they competed on the user 
interface look and design. Besides that they occasionally ignore to notice each other changes. The two 
project leaders, helped by the advisors, did an excellent job in overall system integration but this 
should be planned explicitly from day one. Integration needs its leader. Comparing with Indian 
students, they worked together in a pleasant way with shared and defined responsibilities 

The term of product champion is refereed for a person who knows the product inside out. The 
vision, knowledge and intellect of product champion are handful at crunch and on the time of crisis, 
because that person will be driving force at the stuck up of integration project. 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Product Champions [19] [Gs3] 

Factor 34: Robust Design and Smart Implementation 

Keep it simple and straight 

Expert Opinion: 

There is great term referred as keep it simple and straight (KISS). This straightness and simplicity 
should be portrayed in the design phase and then smartness of development to implement those ideas. 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Robust Design and Smart 
Implementation 

 [Gs4] 

Factor 35 Step-by-Step development 

Step-by-Step development to ensure each piece is done correctly before the next piece is 
attempted. 

Expert Opinion: 

Project managers are able to see quickly if the project is not being done correctly, and judge the 
skill of the global team member. 

Literature and Expert references 
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     Success Factor Literature Reference Expert Opinion 
Step-by-Step development  [Hs3] 
 

Factor 36: Critical Path Identification 

Expert Opinion: 

Work units must be defined and developed according to well defined critical paths and 
dependencies 

Literature and Expert references 

     Success Factor Literature Reference Expert Opinion 
Critical Paths Identification  [Js2] 
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APPENDIX H: PROBLEM STATEMENT FOR PROVIDING DETAIL TO DELPHI 
EXPERTS. 

Purpose of Research 

The focus of this thesis is to investigate those issues/factors that are hidden during globally 
distributed software development process and surfaces during integration process. On this stage these 
are very complex and expensive to fix. If we look insight this problem, the basic reason of this 
challenge belongs to global teams that are distributed across continents having major constraint of 
different time zone, different sites and different cultures. Moreover, in order to integrate components 
and assemble application, the global teams distributed across continents need to unite and work as 
one. According to the research studies there is no standard that are able to provide such guidance, by 
following those guidance organization can overcome this integration challenge. But authors of this 
thesis believe that if we explore such factors that cause failure in integration of project and the 
factors/practices that make integration of project successful, we can produce a solid integration 
strategy or plan to overcome integration problems. Moreover in this way more hidden failure factors 
will able to explore.  In this regard, this research planned to perform Delphi survey along with an 
extensive literature review in which those specific research studies/projects will be investigated that 
have faced  successful or unsuccessful experiences of integration process , developed by different 
remote site teams in different projects through Industrial experts opinions. 

Delphi Survey 

Delphi survey would be performed into four rounds. 

Delphi Round 1 

In Delphi round 1, questionnaire is sent to Industrial experts through email. After receiving 
information from industrial experts, all the failure and success factors are combined in the form of 
consolidated list that is gathered from different industrial experts and literature review. The Purpose 
of Delphi round 1 is to get failure and success factors from each selected Industrial expert. 

Delphi Round 2 

We will compile a list of all responses, eliminate redundancies, generate common phraseology and 
sent them to all experts to evaluate the consistency of consolidated list of failure and success factor 
with their initial provided input. 

Delphi Round 3  

In Delphi round 3 verified consolidated lists of failure and success factors is sent to each expert. 
Experts are requested to narrowing down list in order to meaningfully ranking failure 
and success factors lists. 

Delphi Round 4 

In this round experts are requested to prioritize failure and success factors lists by giving them 
particular ranks according to the impact (severity and significance) of (failure/success) factor on 
integration process. 



132 
 

During round 4 Delphi analyses if the significant level of disagreement is found between experts 
ranked/prioritized opinion list, than Delphi round 5 will be conducted to get significant level of 
agreement from all experts. 

This was a short over view of targeted research and your required participation. But most 
importantly, one of the critical components of Delphi research is the selection of research participants 
since the output of the Delphi is totally based on their expert opinions. For this purpose a specific 
selection criteria is followed for the selection of industrial experts.  

Each expert should have: 

 Knowledge and experience with the issues under investigation 
 Such projects experience that are developed in remote places  
 Capacity and willingness to participate 
 Sufficient time to participate in the Delphi 

 Please consider these criteria before participating in this research. 

Benefit for your company 

As your participation would be very helpful for us and we would definitely appreciate your 
participation with thankful regards. Whereas the research outcome would provide you substantial 
knowledge about integration failure and success factors in terms of other experts and latest research 
opinions. 

Company Privacy 

     We will give you definite guarantee in terms of company’s privacy. In addition, we will appreciate 
and feel better if the company itself clear/mention us its terms of participating. 
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