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ABSTRACT 
 

 

 

Many organizations are moving towards Global 

Software Engineering and Global Development is 

becoming a major trend. Global Software Engineering 

comes with its own set of challenges that may affect 

projects in a negative way. However, it is still becoming 

increasingly popular among organizations because of its 

lure of cheap labour, portrayal of a global presence and 

a diverse talent/labour pool of resources that the 

organizations get to select from. The need for evaluating 

the processes of these global organizations has also 

grown and a number of Software Process frameworks 

are being designed and restructured to help cover the 

gap of evaluating these processes in a global 

environment.  

This thesis aims to examine one popular Software 

Process framework i.e. the ISO 9001:2000 TickIT. The 

authors provide informed recommendations of how and 

where the TickIT guide can incorporate various aspects 

of Global Software Engineering in its guidelines.  

The empirical validation of this research consisted of 

both interviews and surveys. The interviews were 

conducted with TickIT auditors working in the fields of 

Global Software Engineering and Software Process 

Improvement. These interviews provided insight into the 

minds of the people already working in the global 

software domain. The survey was in the form of an 

online questionnaire that was sent out to TickIT auditors 

from the United Kingdom and Sweden. Their replies 

were analyzed and the final informed recommendations 

for the TickIT guidelines were provided based on both 

the interview replies and the questionnaire analysis. 

 

Keywords: ISO 9001:2000 TickIT, Global Software 

Engineering, Recommendations, good practices. 
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1 INTRODUCTION 
 

Popular Software Process (SP) frameworks e.g. ISO 9001:2000 [11], CMMI [12] 

and SPICE [13] etc. have been applied and well-tested in collocated, single-site 

environments over the years [1].  However, these frameworks were not designed 

keeping Global Development (GD) in mind and may lack consideration for globally 

distributed, multi-site environments [1]. The knowledge and awareness of the 

distributed, multi-site environment is critical for organizations that are subcontracting 

their projects or processes outside their own organization [25]. This deficiency in 

popular SP frameworks is becoming increasingly serious in practice as quality of 

software (as opposed to cheap labour) is emerging as the primary differentiator 

between selecting vendors competing for outsourcing contracts globally [2].  

This research thesis will focus on the TickIT interpretations of ISO 9001:2000‟s 

requirements and find out whether GSE is incorporated in these TickIT interpretations. 

The reason behind our focus on ISO 9001:2000 is that it is the most well-known and 

widely recognized standard in the world [3]. Therefore, the results of the research 

would be helpful to a wider community if ISO 9001:2000‟s well-known framework is 

taken into account. It is because of the above mentioned reason that other well known 

models such as CMMI and SPICE are not being focused on, in this thesis. In addition 

to this, there was also a lack of resources available for validating these other 

frameworks for this thesis research.   

The TickIT program was created by the British Standards Institution (BSI) to 

provide a method for registering software development systems based on the ISO 

9000-3 standard and compliance to ISO 9001:2000. TickIT does not add any new 

requirements to ISO 9001:2000. It simply interprets these requirements. According to 

[14], the main purpose of ISO 9001:2000 (TickIT) is to stimulate software system 

developers to think about: 

 What quality is, in terms of the processes of software development? 

 How may quality be achieved? 

 How may Quality Management System (QMS [3] [11]) be continuously 

improved? 

 

Global Software Engineering (GSE) also known as Global Software Development 

(GSD) has become a key trend in the area of software engineering [4]. GSE is 

motivated by its ability to access a vast number of resources, obtaining extra 

knowledge, speeding time-to-market and increasing operational efficiency [4]. Carmel, 

in [5], stated six driving factors for the GSE initiative which are: obtaining specialized 

talent, expanding product family through acquisition of other companies, reduction in 

development costs, strategic globalized presence, reduction in time-to-market, and 

keeping close proximity to customers. However, despite these advantages, GSE faces 

many challenges and issues. Some of these challenges, like geographic 

distribution/dispersion, temporal diversity, socio-cultural diversity, linguistic/language 

diversity, political and legislative diversity, loss of teamness, lack of trust and 

coordination breakdown, have been discussed in [4][5][6]. This thesis also identifies 

other aspects of GSE that may affect software processes. New SP frameworks and 

models like [1], [7], [8], [9], and [10] are being developed to cope with the need of 

evaluation of global software organizations. The frameworks are either designed from 

scratch [7], [8], [9] or incorporate changes into existing frameworks like CMM [10] to 

derive something new.  

The authors of this thesis believe that while assessing distributed organizations 

with multiple offices scattered around the globe, often the central office is evaluated 

and the workings of other offices are normally overlooked. This non-consideration 

may hinder the workings of a QMS. For example cultural and language barriers may 
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result in miscommunication and misinterpretation of the processes, or the mismatch of 

time-zones may result in synchronization problems within the working process of the 

QMS in a distributed organization. This thesis will help organizations in general and 

auditors in particular to realize the importance of considering GSE challenges while 

using SP frameworks like ISO 9001:2000. The research will focus on the TickIT 

interpretation of the ISO 9001:2000 requirements and identify and evaluate the 

parts/sections that conform to the GSE needs of global organizations. This research 

will also provide informed recommendations and best practices for handling projects 

in a GSE environment. The recommendations will be provided using feedback and 

responses from ISO certified auditors in the field of GSE and Software Process 

Improvement (SPI). This will ensure that the results of the research are credible. 

1.1 Aims and Objectives 
 

The aim of this thesis is to evaluate whether ISO 9001:2000 TickIT guide 

addresses GSE environment and project needs. It also aims to provide 

recommendations for incorporating any lack of GSE perspective in the TickIT guide. 

These aims will be fulfilled by accomplishing the following objectives: 

 Identify GSE needs that organizations have to take into consideration when 

working in a global setting. 

 Identify and evaluate the parts/sections in TickIT that conform to GSE. 

 Point out the areas of TickIT guide that lack GSE perspective. 

 Give initial recommendations about where and how this lack in GSE 

perspective, be incorporated in the TickIT guide. 

 Validate these recommendations through interviews and a survey with 

certified TickIT auditors. 

 Analyze the results of the interviews and survey to provide informed final 

recommendations for the TickIT guide. 

1.2 Research Questions 
 

     This research aims to answer the following research questions: 

RQ1. What are the GSE organizational and process needs that organizations have to 

take into consideration when working in a global setting? 

RQ2. Which parts/sections of the TickIT guide conform to GSE?  

RQ3. What are the areas of TickIT guide that lack GSE perspective? 

RQ4. Where and how can this lack in GSE perspective be incorporated in the 

TickIT guide? 

1.3 Expected Outcomes 
 

          The expected outcome of this thesis is a report that includes: 

 A literature review of GSE organizational and process needs. 

 An analysis of the TickIT guide‟s sections that handle these needs. 

 GSE considerations that are not handled by the TickIT guide. 

 Recommendations to incorporate these unhandled considerations into the 

TickIT guide. 

 Interviews and survey of ISO 9001:2000 TickIT auditors that evaluates the 

recommendations. 

 Analysis of the obtained results. 

 Discussions and Conclusions. 
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1.4 Structure of the Thesis 
 

This section outlines how this Master Thesis is structured. A description of each 

chapter, its main contents, and how it relates to other chapters is provided below: 

 

Chapter 2 – This chapter describes the research methodology that was used in the 

thesis. It describes the details of the mixed method approach that was used and depicts 

the qualitative (Chapter 2.1) and the quantitative (Chapter 2.2) steps in the research. 

 

Chapter 3 – This chapter outlines the different types of organizational teams that 

exist in the work environment. It distinguishes between the single-site organizational 

teams and the multi-site organizational teams. 

 

Chapter 4 – This chapter is based on the structured overview of the TickIT guide. 

It describes what each part in the TickIT guide focuses on. 

 

Chapter 5 – This chapter list down the requirements of TickIT guide and 

incorporates the informed recommendations from Chapter 6, Chapter 7 and Appendix 

C into the requirements of the TickIT guide. It basically gives the global aspect of 

software engineering in TickIT. 

 

Chapter 6 – This chapter provides details about the empirical validation. It 

discusses both the interview and the survey questionnaire design. It further provides an 

analysis of both of these to extract information about the validated recommendations. 

 

Chapter 7 – This chapter provides an extended overview of good GSE practices. It 

lists down various process areas and good GSE practices within these areas.  

 

Chapter 8 – This chapter provides the epilogue of the thesis. In this chapter the 

research questions are revisited and it is seen how the thesis report answered the gist of 

these questions. This chapter also gives a general conclusion for the entire research 

work provided in this thesis. It also presents a few directions for future work. 

 

Chapter 9 – This provides a list of references used in this thesis report. 

 

Appendix A – This provides the transcript to the survey questionnaire. 

 

Appendix B – This provides the transcript to in the interview questionnaire and 

answers given by the certified TickIT auditors. 

 

Appendix C – This is an extension of Chapter 7. It gives a detailed literature 

review of the problems in GSE and the best practices used to solve these problems. It 

is divided into three sections. Section A discusses a number of lifecycle processes that 

could provide different outcomes in a globally distributed environment. Section B 

provides the challenges that are faced in the global environment and Section C are all 

the other aspect that have been considered by TickIT and we feel may be different in 

GSE. 
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CHAPTER 2 

RESEARCH METHODOLOGY 

CHAPTER 4 

ISO 9001:2000 TICKIT GUIDE 

CHAPTER 7 

EXTENDED OVERVIEW OF GSE 

PRACTICES FOR TICKIT 

CHAPTER 5 

EVALUATION OF TICKIT GUIDELINES 

FOR GSE CONFORMANCE 

CHAPTER 6 

EMPIRICAL 

VALIDATION 

BACKGROUND RESEARCH 

VALIDATION 

DEVELOPMENT 

CHAPTER 8 

EPILOGUE 

CHAPTER 3 

SINGLE-SITE VERSUS MULTI-SITE 

TEAMS 

 

The Figure 1 below shows the pictorial representation of the chapters in this thesis. 

It also shows the overview of how the chapters have been developed and categorized. 

 

 

Figure 1: Structure of the Thesis  



  5 

1.5 Discussion and Summary 
 

Popular SP frameworks have been designed keeping the single-sited environments 

in mind. However, research is needed to evaluate and determine whether these SP 

frameworks will work in a distributed multi-site environment as well. Most of these SP 

frameworks may lack GSE considerations and awareness of GSE is critical for 

organizations that are outsourcing or subcontracting their projects or processes. 

This chapter introduced the reader to the background of the research in this thesis. 

It gave the reader insight into why an evaluation was being done on the TickIT 

interpretation of a popular SP framework i.e. ISO 9001:2000. It outlined research 

questions about how the authors were going to do this evaluation. Furthermore, this 

chapter also discussed the objectives and expected outcomes of the thesis research. A 

brief discussion of the chapters in this thesis was also provided. 
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2 RESEARCH METHODOLOGY 
 

A mixed method approach [4] was used for this research thesis and it incorporated 

both qualitative and quantitative methods. The employed strategy of enquiry was a 

sequential process [4]. This involved firstly going through the qualitative analysis, 

which comprised of exploration into the ISO 9001:2000 TickIT guide and the concepts 

of Global Software Engineering (GSE) through literature review, and also included 

qualitative open-ended interviews for validation of findings. Secondly, the mixed 

method involved quantitative analysis, which comprised of a closed-ended web survey 

for the purpose of both validation of findings and motivation of the importance of this 

research. 

2.1 Mixed Method Approach – The Qualitative Step 
 

The qualitative research step of the sequential mixed method approach involved 

two parts: 

 The first part was a comprehensive literature review dealing with two major areas 

of research for this thesis. These were: 

1. A literature review of various GSE aspects (including practices, risks, 

challenges, advantages, etc) – This involved a comprehensive literature 

review of various aspects of GSE. It included finding out about the workings 

of a software organization in a global environment i.e. the processes and 

practices that are followed, the artefacts that need to be maintained, the 

challenges that are faced, the advantages that can be gained and the risks that 

are involved in working in such an environment. The formulation of this part 

of the literature review was given in Chapter 7 and Appendix C. 

2. The ISO 9001:2000 TickIT literatures study – This involved a comprehensive 

review of the different sections/parts of the ISO 9001:2000 TickIT guide. A 

description of these sections/parts is given in Chapter 4. In addition to the 

comprehensive review of the sections of the TickIT guide, a complete and 

thorough analysis was performed on Part E of the guide. The requirement 

guidelines within this part of the TickIT guide were analyzed and the guide‟s 

conformance to GSE was checked.  

Some initial recommendations were given based on the conformance/non-

conformance of the TickIT guide to the GSE aspects discovered in the first area of the 

literature review. 

The second part of qualitative research was open-ended interviews with ISO 

9001:2000 TickIT certified auditors who have experience in assessing globally 

distributed software organizations. The interviews were conducted in Karlskrona and 

Ronneby, Sweden. The main aim of these interviews was to evaluate the 

recommendations based on the knowledge of the interviewees, who had experience in 

the field of GSE and ISO 9001:2000 TickIT. These interviews were semi-structured 

[109] in nature and involved a holistic understanding of the interviewee‟s point of 

view and their experiences. Semi-structured interviewing is perhaps the most common 

type of interview used in qualitative research [109]. The interviews were flexible 

(allowing new questions to be brought forward during execution as a result of what 

interviewees said). The interviewees were asked for specific information regarding the 

thesis research findings, with the help of discussion based open-ended questions. They 

were requested to discuss freely their opinions and experiences regarding different 

aspects of this thesis‟s findings. The same questions were asked in both the interviews 

and the information gained from them were compared and contrasted and used for the 

validation of this thesis‟s findings.    



  7 

2.2 Mixed Method Approach – The Quantitative Step 
 

The second sequential step of the mixed method approach was the quantitative 

step. Quantitative research generates statistics through the use of large-scale survey 

research, using methods such as questionnaires [109]. The quantitative part of this 

thesis consisted of a structured survey conducted among forty TickIT certified auditors 

and researchers located in the United Kingdom and Sweden. 

The survey was conducted through an online questionnaire which consisted of 

closed-ended questions. The survey motivated the necessity of the research by 

evaluating the identified shortcomings of the TickIT guide and validating some of the 

recommendations that were made for the GSE environment. The motivation behind 

conducting the survey was to make the validation portion of this research stronger and 

include a wider population of auditors and researchers from around Europe where ISO 

9001:2000 is a widely used Software Process (SP) framework. 

 

2.3 Motivation for using the Mixed Method Approach 
 

A combination of both the qualitative and quantitative methodologies was used 

because we wanted to identify all the factors related to academia and the industry for 

this research.  

The qualitative part of this research provided the analysis and understanding of 

already existing TickIT guidelines. It provided the basic structure that needed to be 

evaluated and combined it with the aspects of GSE. Some initial recommendations 

were provided on how to use ISO 9001:2000 TickIT guidelines in the GSE 

environment based on this literature review. This was important because without it, 

there would be no basis for evaluation, and the guidelines that are implemented would 

not be completely discovered in the time frame. In addition to this, detailed interviews 

were conducted in Sweden with two certified TickIT auditors working in the fields of 

GSE and ISO 9001:2000. These interviews provided detailed knowledge from people 

currently working and evaluating companies in the industry. This knowledge was used 

to validate the initial recommendations provided using the literature review and to 

expand on those recommendations. This qualitative part answered research questions 

RQ1, RQ2, RQ3 and RQ4 (For details see Figure 2 below). 

The quantitative part of the research involved expanding on and validating the 

analysis done in the qualitative part. A structured online survey was conducted to 

motivate and validate the research with certified TickIT auditors from the United 

Kingdom and Sweden. The basic purpose of the survey was to expand on the sample 

population and get feedback from a wider range of people. This ensured that this 

research was valid for the mainstream of the TickIT community. The quantitative 

analysis was used to answer and validate the research question RQ4 (For details see 

Figure 2 below). 
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Figure 2: Relationship between Objectives and Research questions 
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2.4 Discussion and Summary 
 

The core contribution of this chapter was to identify the research methodology for 

the thesis. A mixed method approach was used which combined both the qualitative 

and quantitative methodologies. The motivation behind using this approach was also 

provided. In addition to this, the chapter also described the relationship between 

research questions and objectives and presented a timeline as to how the research was 

accomplished. 

This chapter discussed both the qualitative and quantitative steps of the research. 

The qualitative step covered the literature reviews and led to the initial 

recommendations. These recommendations were validated using the interviews with 

certified TickIT auditors. The quantitative step built on these interviews by conducting 

a survey which validated the recommendation over a larger population and motivated 

the need for the research. A figure depicting the research methodology and both these 

steps was also given in this chapter. 
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3 SINGLE-SITE VERSUS MULTI-SITE TEAMS 
 

We can classify an organization‟s development initiatives under two broad 

categories: multi-site software development and single-site software development 

[107]. The chapter will deal with the factors that distinguish one category from the 

other.  

3.1 Single-Site Software Development Teams 
 

Single-site software development teams are also commonly referred to as 

collocated software development teams [38] [107]. We define single-site software 

teams as those teams that are located at the same physical place. The members of these 

teams can easily go and physically meet with other team members, who are located at 

a short walking distance. The emphasis here is on the word „physically‟ because, in 

our opinion, this is the major factor that distinguishes these teams from those at multi-

sites. The teams also have access to common organizational resources and artefacts 

[5]. 

As the name suggests, single-site software development teams working on a 

project should have all the necessary aspects of the project‟s development (like 

planning, requirement engineering, designing, coding, testing, maintenance etc) at one 

site. They should not be working on this project with teams from outside the single-

sited work environment. A depiction of single-sited software development is given in 

the Figure 3 below. 

 

 
 

 

3.2 Multi-Site Software Development teams 
 

We define multi-site software development teams as those teams that are working 

on the same project but are situated at physically distant locations from each other. 

These physically distant locations can be offices that are across country borders or they 

may be offices within the same city (but at a distant site that is not within a short 

walking distance). These multi-site software development teams are also commonly 

referred to as distributed software development teams. There are two major 

organizational variations under which these multi-site teams can exist.  

 

 

 

Organization 1 

Management 

team 

Development 

team 

Design team Testing team 

Resources (artefacts, knowledge, meeting rooms etc) 

Project A 

Figure 3: Single-sited Software Development 
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3.2.1 Inter-organizational multi-site teams 
 

One variation is inter-organizational multi-site teams which have been discussed 

by Šmite [38]. In this variation the teams are employed under two or more different 

organizations and they are situated at physically distant locations. One organization 

may subcontract a particular function of the project (like testing or coding) to the other 

organization. Both the organizations have their own resources and work practices [38], 

and therefore they bring their own individual aspects to the globally distributed 

project. According to [108], inter-organizational multi-site teams exist when 

outsourcing of work is done.  

 
Figure 4: Inter-organizational multi-site teams (adapted from [38])  
 

3.2.2 Intra-organizational multi-site teams 
 

In addition to the inter-organizational multi-site teams, there is another variation 

called intra-organizational multi-site teams. This variation typically occurs when an 

office of an organization relocates a particular function (coding, testing etc) to another 

office of the same organization. It does not make a difference whether the relocation is 

done abroad or in the same country [8]. This particular type of relocation is known as 

in-sourcing* [108]. 

Therefore, the teams are all employed under the same organization but are at 

physically distant locations. This variation is different from the inter-organizational 

multi-site teams in the sense that there is no need for a contractual agreement here 

[108]. The functions (coding, testing etc) are not subcontracted outside the 

organization. Instead, they are in-sourced at a different office within the same 

organization. The figure below gives an example depiction of these types of teams. 

 
Figure 5: Intra-organization multi-site teams (adapted from [38])  

 

*Note: It is important to note that the word in-sourcing is used interchangeably 

with outsourcing in most research literature [8] [59].  
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3.3 Characteristics of multi-sited and single-sited teams 
 

There are a number of distinguishing characteristics between single-sited and 

multi-sited software development teams. The following table lists a few of these: 

 

Table 1: Characteristics of teams (adapted from [5]) 

Single-site software 

development teams 

Inter-organizational Multi-

site software development 

teams 

Intra-organizational Multi-

site software development 

teams 

Members are from same 

organization 

Members are from different 

organization 

Members are from same 

organization 

Co-located members  Distributed members Distributed members 

Face-to-face interaction Electronic communication Electronic communication 

Mostly informal 

communication 

Continuous structured 

communication 

Continuous structured 

communication 

Information distribution Information access Information access 

Sharing completed work Continuous sharing of 

incomplete work 

Continuous sharing of 

incomplete work 

Culture learned through 

osmosis 

Culture learned through 

electronic based 

communication and artefacts 

Culture learned through 

electronic based 

communication and artefacts 

Single organization with a 

single site 

Multiple organizations with 

multiple sites 

Single organization with 

multiple sites 

No subcontracting allowed Need to have subcontracting No need for subcontracting 

- Not necessary to have a 

consistent QMS at the multi-

sites 

Necessary to have a 

consistent QMS at the multi-

sites 

 

3.4 Understanding the difference between multi-sited and 

single-sited teams 
 

The major factor that causes the above distinctions in characteristics between 

single-sited teams and both variations of multi-sited teams is the distance factor. In 

global multi-sited teams, according to [98], this distance factor can be subcategorized 

into geographic distance, temporal distance and socio-cultural distance. According to 

[38], these three factors impede work practices between the multi-site teams and have 

a major impact on the software life-cycle processes. This makes it harder for the team 

members to work in the multi-sited environment as the factors lead to a number of 

additional challenges. 

 Šmite [38] lists a few challenges that may affect multi-site teams working in the 

global environment. Most of these also apply to non-global multi-sited teams. Some of 

these challenges [38] are:  

 Lack of understanding between teams. 

 Lack of trust and commitment. 

 Increased costs of face-to-face meeting. 

 Lack of language skills. 

 Terminology differences. 

 Unwillingness to collaborate. 
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 Faulty effort estimates due to insufficient data. 

 Increased complexity of sharing knowledge. 

 Lack of common goals. 

 Lack of joint risk management. 

 Poor cultural fit. 

 Time-zone difference. 

 Poor version control. 

 

Even though a lot of these threats exist, multi-site teams are becoming increasingly 

common [98]. Therefore, we believe there is a huge need for understanding the 

workings of multi-sited teams (stated henceforth in thesis as understanding the GSE 

philosophy) and overcoming these threats. The chapters that follow look into this need. 

3.5 Discussion and Summary 
 

Three types of organizational teams exist (single-site, inter-organizational multi-

site and intra-organizational multi-site teams) and each of them have their own distinct 

characteristics. Distance is the foremost characteristic that distinguishes these types of 

teams and can be further divided into geographic distance, temporal distance and 

socio-cultural distance. The inter-organizational and intra-organizational teams are 

differentiated on the basis of the need of subcontracting. If work is outsourced to 

another organization (inter-organizational multi-site), subcontracting is needed. On the 

other hand, if the work is in-sourced within the same organization, there is no need to 

have a subcontract. 

This chapter provided definitions of the three types of organizational teams. It 

further provided descriptions of the distinguishing features between single-sited 

organizations and the two multi-sited dispersed organizations in tabular form. In 

addition to this, the chapter also described a number of challenges faced by multi-sited 

teams which are separated by geographic, temporal and socio-cultural distances. 

The core contribution of this chapter was to provide the reader with an 

understanding of the different types of teams that can exist in an organization. It 

showed their different features so that the reader can see how important it is for the 

Software Process frameworks to be able to evaluate each of these varying 

environments. Moreover, this chapter provides a baseline around which the guidelines 

in the TickIT guide are evaluated. 
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4 ISO 9001:2000 TICKIT GUIDE 
 

The TickIT project was first initiated in 1991. Its main aim was to provide a 

practical framework for the management of quality in software development by 

developing a more effective Quality Management System (QMS) certification 

procedure [15]. As [15] states, this involved: 

 Publishing guidance materials to assist software organizations interpret the 

requirements of ISO 9001. 

 Training, selecting and registering auditors with IT experience and 

competence. 

 Introducing rules for the accreditation of certification bodies practicing in the 

software sector. 

 

 For the purpose of this thesis, we are using the TickIT guide Issue 5.5, published 

in November 2007.  TickIT guide is directed towards a wide audience: senior 

managers, operational staff of software suppliers, in-house development teams, 

purchasers and users of software based systems, certification bodies, accreditation 

authorities, third party internal auditors, auditor training course providers and IT 

consultants [15]. The TickIT guide does not provide any additions to the ISO 

9001:2000 requirements. It only provides a set of guidelines to explain the 

requirements. It also covers some good practices detailed by ISO/IEC 12207 and cross 

references them with respect to each ISO 9001:2000 requirement guideline. TickIT 

focuses on making an ISO 9001:2000 compliant QMS beneficial for software 

suppliers.  

4.1 Structure of TickIT guide 
 

The TickIT guide is divided into six parts. A description of each of these parts is 

given below: 

 Part A – Introduction to TickIT and TickIT certification: This states the general 

information about the operation of TickIT and its other quality initiatives such as 

Process Improvement [15]. It gives a basic background of how TickIT was initiated 

and also provides insight into the infrastructure and scope of the guide. In addition to 

this, part A also gives background information on the certification and accreditation 

bodies for TickIT. 

Part B – Guidance for Customers: This explains the QMS problems from the point 

of view of the customer who is initiating a development project, and explains how the 

customer can contribute to the quality of the delivered products and services [15]. This 

part describes the actions and responsibilities that are required from the customer to 

ensure that all the software requirements are fulfilled. It also briefly explains the QMS 

and the customer-supplier relationship within this QMS.  

Part C – Guidance for Suppliers: This presents information and guidance to 

software and software service providing organizations on the construction of a QMS 

[15]. It details how these organizations should design and develop their QMS. It also 

provides high level details on what processes are needed from the point of view of the 

supplying organizations. 

Part D – Guidance for Auditors: This explains how auditors should conduct 

assessments using the TickIT procedures [15] and that the auditors should conform to 

the ISO 9001:2000 requirements at all times. It gives guidelines to auditors about three 

different types of activities; preparatory activities for audits, audit conducting activities 

and software-producing organization‟s business activities. 
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Part E – Software Quality Management System Requirements – Standards 

Perspective:  This contains guidelines which are interpretations of ISO 9001:2000, to 

help software organizations [15]. This part provides a clause by clause interpretation of 

each ISO 9001:2000 requirement. Each of the clauses also cross reference the 

processes listed in part F. 

Part F – Software Quality Management System Requirements – Process 

Perspective: This part of the guide is structured around the basic processes required for 

software development, maintenance and support as described in ISO/IEC 12207:1995 

[15]. It blends these processes of software development described in ISO/IEC 12207, 

with the requirements of ISO 9001:2000. 

 

 
Figure 6 : Overview diagram of TickIT guide (adapted from [15]) 
 

4.2 Critique on the TickIT guide 
 

TickIT critics in recent research literature have observed that despite TickIT 

guide‟s numerous merits which includes linkage with ISO 9001 certification, properly 

qualified auditors and its assessment of best practices against established guideline 

materials and ISO/IEC standards, it is starting to look outdated and is no longer the 

key driver for software quality that it was 15 or so years ago [110]. It is about time that 

TickIT guide should be updated according to the needs of this era of globalization. 

Over the past 15 years or so, IT activities in organizations have both expanded and 

diverged. Software development activities which were earlier bound in a limited 

profile of collocated work have now expanded in its domain and scope by distributing 

work in a globally distributed setting.  These globalized mechanisms come with their 

own challenges, and it is the necessity for any assessment scheme to be aware of these 
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challenges and provide best practices to handle them. This is crucial for maintaining 

the quality of software.  

Former et al [111] discusses implication for IT quality and arrives at few 

projections for the future assessment schemes. One of the implications is regarding 

off-shoring or outsourcing which is the key subject area for this thesis. Former et al 

[111] also observed that UK‟s software suppliers are increasingly involved in off-

shoring. It is further pointed out in [111] that following problems are becoming 

evident there: 

 Apparent initial cost savings may be negated by ongoing maintenance 

requirements. 

 Project management can be a challenge, particularly requirements 

specifications, day-to-day communication, change management and 

product testing. 

 The quality of outsourced products can often fall below expectations 

because of various assumptions and differences in cultures. 

 There are differing cultural views (and even legal definitions) of what 

constitutes fitness for purpose in different territories. 

 

The supplier needs to fully understand how the QMS of the off-shore organization 

operates [111]. Many organizations claim to have CMMI level 5, however this means 

little if their suppliers at offshore sites do not understand CMMI and how it might 

affect the quality of the product [109]. The same holds true for ISO 9001:2000 TickIT. 

4.3 Discussion and Summary 
 

The TickIT guide was developed with the aim of providing a framework for 

managing the quality in software development. It provides interpretations of the ISO 

9001:2000 process framework, for the software development community. 

The guide is divided into six parts. The first part of the guide gives a general 

introduction to TickIT. The second, third and fourth parts provide general guidance to 

customer, suppliers and auditors respectively. The fifth part provides the detailed 

clause by clause interpretations of the ISO 9001:2000 requirements. And finally the 

sixth part blends the processes of software development described in ISO/IEC 12207, 

with the requirements of ISO 9001:2000. It provides good practices that organizations 

can implement to improve the quality of their lifecycle processes. A description of 

each of these individual parts of the TickIT guide was provided in this chapter. In 

addition to the description of the TickIT guide, the chapter also provided a common 

critique to the TickIT guide. 

The core contribution of this chapter was to provide the readers with some 

background information and to introduce them to the nature of the guidance provided 

by the TickIT guide. 
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5 EVALUATION OF TICKIT GUIDELINES FOR GSE 

CONFORMANCE 
 

This chapter evaluates the TickIT guidelines in order to check whether they 

conform to the Global Software Engineering (GSE) philosophy or not. Conformance 

in this context means that a particular requirement guideline is suitable and does not 

have any issues with working in a distributed environment. Issues may be caused by 

the distance factor in a distributed environment, and in turn, causing other challenges 

for distributed organizations like time-zone compatibility, socio-cultural differences, 

language barriers, trust and communication issues etc. The tables in this chapter point 

out the sections in the TickIT guidelines that need additions, modification or removal 

to make them conform to the GSE philosophy. However, it should be noted that only 

the requirement guidelines of Part E of the TickIT guide have been discussed here as 

this part deals directly with the ISO 9001:2000 requirements.  

The tables are divided into four columns: 

 Aspect of the guidelines – These are the headings/subparts in the TickIT 

guidelines for each ISO 9001:2000 requirement. 

 TickIT guidelines‟ Conformance status with GSE – This contains the 

following tags:  

o Conformance – This specifies that the particular aspect completely 

conforms to the GSE philosophy. 

o Additions – This specifies that the particular aspect needs to 

incorporate some additions before it can fully conform to the GSE 

philosophy. 

o Modifications – This specifies that some guidelines need to be 

changed before it can fully conform to the GSE philosophy. 

o Removal – This specifies that a few guidelines do not conform to 

GSE and need to be removed. 

o New heading – This is another form of additions that specify that a 

new heading needs to be added and additions are made under this 

heading. 

 Additional guidelines for GSE – These describe the details of the 

additional guidelines that need to be added. (N/A or Not Applicable is 

denoted whenever a particular aspect conforms to GSE and does not 

require additional guideline statements) 

 Hints – These are supplementary comments for the „aspects of the 

guidelines‟ 

The method for evaluating the TickIT guidelines comprised of thoroughly 

reading all the requirements guidelines and analyzing them according to the 

following: 

 Check whether the statements in the guidelines are also valid for working 

in a globally distributed software organization. 

 See if any additional information is required that will help the working of 

the requirement in a global setting. 

 See if any modification or deletion is required for any requirement 

guidelines for the effectively working of Quality Management System 

(QMS) in a global setting. 

 See if there are any unconsidered GSE aspects that maybe defined under a 

new heading. 

The practices discussed in this chapter regarding GSE can be supplemented by 

detailed discussions in Chapter 7 and Appendix C.  
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5.1 TickIT Requirements 4 
 

Table 2: TickIT Guidelines for Requirement 4 
Aspect of the 

Guidelines 

TickIT 

guidelines’ 

Conformance 

status with GSE 

 

Additional guidelines for 

GSE 

Hints 

4: Quality management system 

4.1: General requirements 

Types of 

software 

involvement 

Conformance N/A - 

Adopting a 

process 

model 

Additions At a higher level GSE acts in 

accordance with the ISO/IEC 

12207 process model but 

there are certain other 

additional activities that can 

also be adopted for GSE. 

These are described in 

Chapter 7 (Extended 

Overview of GSE practices 

for TickIT) of this report. 

[Survey-Q1] 

 

Good practice are 

evident if: 

 A single well 

defined process 

(in the process 

model) is being 

used throughout 

the distributed 

sites in a project 

environment [77] 

[Survey-Q5]. 

Processes 

which span 

departments 

or functions 

Additions The functions and 

departments may span across 

borders as well. Therefore, 

working across borders may 

require knowledge about 

cultural differences [25] 

[26] [Survey Q2, 4] 

[Interview-Q1] as well as 

proficient communication 
[28] [40] [Survey-Q2, 3] 

[Interview-Q4, 6]. 

 
Some additional key 

interfaces of GSE exist for 

interfacing between the same 

functions across different 

sites e.g. development (site 

A) / development (site B). 

[Interview-Q8]. 

Good practice are 

evident if: 

 Proper attention 

has been given to 

communication 

and coordination. 

 Proper attention 

has been given to 

culture [25] [26] 

[Survey Q2, 4] 

[Interview-Q1], 

language [28] 

[40] and time-

zone differences 

[94] [Interview-

Q10] [Survey-

Q3].  

Process 

Management 

Conformance 

 

N/A - 

4.2: Documentation requirements 

4.2.1: General 

Documenting 

the quality 

management 

system 

Conformance 

 

N/A - 

Documenting 

the software 

lifecycle 

Conformance 

 

N/A - 

4.2.2: Quality manual 

N/A Addition 

 

When using the standard 

software packages, 

- 
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Aspect of the 

Guidelines 

TickIT 

guidelines’ 

Conformance 

status with GSE 

 

Additional guidelines for 

GSE 

Hints 

consideration should be given 

to: 

 Processes and guidelines 

for using these software 

packages [Interview-Q3]. 

 Centralized knowledge 

management infrastructure 

for accessibility of manual 

on multi-sites [28] 

[Survey-Q6] [Interview-

Q2]. 

Addition For effective understanding 

of quality manual, it could be 

worded in all the local 

languages being used at 

different locations in a multi-

site organization [Interview-

Q3] [Survey-Q7]. 

- 

4.2.3: Control of documents 

General Conformance 

 

N/A - 

Control 

techniques 

Conformance N/A Good GSE practices 

evident if: 

 Frequent reviews 

from external 

sites are 

conducted [28] 

[33]. 

Documents 

of external 

origin 

Conformance N/A - 

Electronic 

document 

management 

Conformance 

 

N/A - 

Legal 

admissibility 

Conformance  N/A - 

Possible 

implications 

of documents 

and data 

changes 

Conformance N/A - 

4.2.4: Control of quality records 

Records and 

documents 

Conformance  N/A - 

Project files Conformance.  N/A - 

Storage Addition Further consideration when 

storing quality records are: 

 Providing access and 

access control for people 

at remote sites [103] 

[Interview-Q2]. 

 

Good GSE practice 

evident if: 

 There is a 

globally 

centralized 

storage 

infrastructure 
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5.2 TickIT Requirements 5 
 

Table 3: TickIT Guidelines for Requirement 5 
Aspect of the 

Guidelines 

TickIT 

guidelines’ 

Conformance 

status with 

GSE 

 

Additional guidelines for 

GSE 

Hints 

5: Management responsibility 

5.1: Management commitment 

Top 

management 

involvement 

Additions Top management should 

also demonstrate its 

commitment to GSE 

through actions, for 

example, the actions taken 

to ensure the availability of 

resources, through 

constantly scanning talent 

pool [96] and new 

technological information 

[96] from around the world 

[Interview-Q4]. 

- 

5.2: Customer focus 

Process 

implication 

Conformance N/A - 

Customer 

perspective 

Conformance N/A - 

5.3: Quality policy 

Appropriateness 

to the purpose 

Conformance N/A - 

Commitment, 

framework and 

communication 

Conformance N/A - 

Policy reviews 

and technology 

advances 

Conformance N/A - 

5.4: Planning 

5.4.1: Quality objectives 

Top level 

objectives 

Conformance N/A - 

Product quality 

objectives 

Conformance N/A - 

Product 

management 

related 

objectives 

Conformance N/A - 

Service 

operations 

Conformance N/A - 

5.4.2: Quality management system planning 

Planning for the 

organization as 

a whole 

Conformance N/A - 

Planning for 

improvement 

 

 

 

 

Conformance N/A - 
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Aspect of the 

Guidelines 

TickIT 

guidelines’ 

Conformance 

status with 

GSE 

 

Additional guidelines for 

GSE 

Hints 

5.5: Responsibility, authority and communication 

5.5.1: Responsibility and authority 

Top 

management 

overview of 

projects 

Conformance N/A - 

Project 

management 

and oversight 

Conformance N/A - 

Software release 

into production 

Conformance N/A - 

5.5.2: Management representative 

N/A Additions The management 

representative may also 

need to have external 

liaisons in each remote site 

so that the quality 

management system is 

made in collaboration with 

all the sites [28] [23] [102] 

[Interview-Q5]  

- 

5.5.3: Internal communication 

N/A Conformance N/A - 

5.6: Management review 

5.6.1: General, 

5.6.2: Review input, 

5.6.3: Review output. 

N/A Conformance N/A - 
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5.3 TickIT Requirements 6 
 

Table 4: TickIT Guidelines for Requirement 6 
Aspect of the 

Guidelines 

TickIT 

guidelines’ 

Conformance 

status with 

GSE 

 

Additional guidelines for 

GSE 

Hints 

6: Resource management 

6.1: Provision of resources 

Quality 

management 

system 

Conformance N/A - 

Meeting 

customer 

requirements 

Additions Global market facilitates 

finding the right staff with 

the right technical and 

interpersonal skills as there 

is a larger labour pool to 

select from [96]. 

- 

6.2: Human resources 

6.2.1: General, 

6.2.2: Competence, awareness and training 

Pace of change Conformance N/A - 

Key skills Additions Further key skills for 

global software 

development include: 

 Appreciation of 

influence of global 

cultural differences 

towards human 

perception in user 

interfaces. 

 Techniques for 

integration of globally 

distributed development 

work. 

 Handling coordination 

strategies of work tasks 

in a globally distributed 

setting. 

[Interview-Q11] [Survey-

Q4] 

- 

Awareness of 

GSE challenges 

New heading Awareness of GSE 

problems that may affect 

work processes, and 

knowledge about 

overcoming them is also a 

necessity. The personnel 

performing work in a 

globally distributed 

environment should be 

aware of: 

 Socio-Cultural and 

language diversity 

 Temporal diversity. 

 Geographic 

distribution/dispersion. 

- 
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Aspect of the 

Guidelines 

TickIT 

guidelines’ 

Conformance 

status with 

GSE 

 

Additional guidelines for 

GSE 

Hints 

 Managing trust issues. 

 Coordination issues. 

 Communicating in a 

global environment. 

 Legal and political 

diversity 

[Interview-Q11] 

Team leaders 

and project 

managers 

Conformance N/A - 

Sources of 

training 

Conformance N/A - 

6.3: Infrastructure 

Software 

development 

infrastructure 

requirements 

Conformance N/A - 

Tool provision Conformance N/A - 

New 

developments 

Conformance N/A - 

Service support Conformance N/A - 

6.4: Work environment 

Reducing 

human errors 

Additions Communication 

improvements in a GSE 

environment can be made 

through the use of 

specialized communication 

tools [38] [28] [15] [51] 

[Interview-Q12]. 

 

In the globally distributed 

environment, factors like 

cultural and language 

diversity between teams, 

can also introduce errors 

into software. Issues 

caused by these factors can 

be reduced through 

awareness and various 

forms of cultural and 

language training [27] 

[Survey Q2, 3, 4] 

[Interview-Q1, 4, 6]. 

- 

Methods of 

reducing 

software errors 

Conformance N/A - 
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5.4 TickIT Requirements 7 
 

Table 5: TickIT Guidelines for Requirement 7 
Aspect of the 

Guidelines 

TickIT 

guidelines’ 

Conformance 

status with 

GSE 

 

Additional guidelines for 

GSE 

Hints 

7: Product realization 

7.1: Planning of product realization 

Software 

product 

realization 

Conformance N/A - 

Consistency Conformance N/A - 

Software quality 

planning at the 

project level 

Conformance N/A - 

Product quality 

planning 

Conformance N/A - 

Quality 

planning when 

the life of the 

software is 

limited 

Conformance N/A - 

Tailoring 

processes to 

project 

requirements 

Conformance N/A - 

Identifying 

documentation 

requirements 

Conformance N/A - 

Verifying 

process and 

activities 

Conformance N/A - 

Measurement, 

monitoring and 

follow-up 

Conformance N/A - 

Support 

information 

Additions For a globally distributed 

project environment, the 

information and data 

should be shared with all 

locations responsible for 

the support [80] [28] 

[Survey-Q3 & 6] 

[Interview-Q2]. 

 

Good practices for 

sharing support 

information include:  

 Centralized data 

repositories. 

 Global access at 

all times. 

[Survey-Q6] 

[Interview-Q2] [28] 

Records Addition The quality records should 

be made available at all 

locations in the globally 

distributed project 

environment [Survey-

Q6].[Interview-Q2] [80] 

[28] 

Good practices for 

sharing support 

information include:  

 Centralized data 

repositories. 

 Global access at 

all times. 

[Survey-Q6] 

[Interview-Q2] 

[28] 
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Aspect of the 

Guidelines 

TickIT 

guidelines’ 

Conformance 

status with 

GSE 

 

Additional guidelines for 

GSE 

Hints 

7.2: Customer-related processes 

7.2.1: Determination of requirements related to the product 

Process 

implications 

 

Additions The determination of 

requirements may become 

hard if the customer is at a 

different global location 

than the organization. 

[Interview-Q6] 

Good GSE practice 

to handle this 

requirements 

communication 

problem are: 

 Tool support 

 Setting up local 

offices near 

customers‟ 

location. 

[Interview-Q6] [28] 

Recognizing the 

service aspect of 

projects 

 

Conforms N/A - 

RAD Conforms N/A - 

7.2.2: Review of requirements related to product 

Guidance in 

ISO/IEC 

90003:2004 

It is beyond 

the scope of 

the thesis to 

evaluate 

ISO/IEC 

90003:2004. 

N/A - 

Information 

required for 

software 

product 

Conformance N/A - 

Contract 

change 

Conformance N/A - 

Rapid 

application 

development 

(RAD) 

Conformance N/A - 

Records Conformance N/A - 

Software 

development 

undertaken to 

support a 

service contract 

Conformance N/A - 

7.2.3: Customer communication 

Communication 

methods 

Conformance N/A Good practice to 

handle customer 

communication 

problems in GSE are: 

 Tool support 

 Setting up local 

offices near 

customers‟ 

location. 

[Interview-Q6] [28] 
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Aspect of the 

Guidelines 

TickIT 

guidelines’ 

Conformance 

status with 

GSE 

 

Additional guidelines for 

GSE 

Hints 

Implications of 

working with a 

remote customer 

Additions  

(New heading) 

When working in a global 

environment, organizations 

are faced with the task of 

communicating with a 

customer located in a 

remote site at a different 

location. These encounters 

can lead to problems like:  

 Use of asynchronous 

communication 

mechanisms increases 

delays, adding 

ambiguity, redundancies 

and obsolescence into 

communication. 

 Difficulty in frequent 

involvement of 

customer results in 

unclear and 

unconfirmed 

requirements being 

progressed towards 

development. 

 

To overcome these 

problems, one or more of 

the following practices 

shall be employed: 

 Face-to-face kickoff 

meetings 

 Good quality video 

conferencing 

 Organizational 

representative located 

close to the customer. 

 Setting up local offices 

near customers‟ 

location. 

 Frequent progress 

reports. 

[Survey-Q2] [Interview-

Q6] 

[28][17][38][48][49][51][5

2] [53] 

- 

7.3: Design and development 

7.3.1: Design and development planning 

Plan contents Conformance N/A - 

Milestones Conformance N/A - 

Review 

verification and 

validation 

activities 

Conformance N/A - 

Identification of 

risk 

Addition When working in a global 

environment, the multi-site 

- 
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Aspect of the 

Guidelines 

TickIT 

guidelines’ 

Conformance 

status with 

GSE 

 

Additional guidelines for 

GSE 

Hints 

offices should have some 

form of a joint risk 

management strategy. 

[Survey- Q3] 

Control of 

design and 

development 

Conformance N/A - 

RAD Conformance N/A - 

Contract 

change 

Conformance N/A - 

7.3.2: Design and development inputs 

Software 

requirements 

specification 

Conformance N/A - 

RAD Conformance N/A - 

7.3.3: Design and development outputs 

Types of output Conformance N/A - 

Methods and 

tools 

Conformance N/A - 

Output 

documentation 

Conformance N/A - 

Output 

delivered to 

customers 

Conformance N/A - 

New releases Conformance N/A - 

Use of COTS 

packages 

Conformance N/A - 

7.3.4: Design and development review 

Scope of reviews Conformance N/A - 

Phased 

development 

Conformance N/A - 

Customer 

involvement 

Conformance N/A - 

Review 

techniques 

Conformance N/A - 

Independence 

of reviewers 

Conformance N/A - 

RAD Conformance N/A - 

7.3.5: Design and development verification 

Verification 

techniques 

Additions Another form of 

verification technique is 

prototyping which is 

beneficial for the GSE 

setting as it can facilitate 

earlier testing of the system 

level features. It also helps 

remote teams, understand 

the design features at an 

early stage [28]. 

- 

Test tools Conformance N/A - 

Selection of test 

data 

Conformance N/A - 

Use of „beta Conformance N/A - 
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Aspect of the 

Guidelines 

TickIT 

guidelines’ 

Conformance 

status with 

GSE 

 

Additional guidelines for 

GSE 

Hints 

test‟ 

components 

Records Conformance N/A - 

RAD Conformance N/A - 

7.3.6: Design and development validation 

Pre-delivery It is beyond 

the scope of 

the thesis to 

evaluate 

ISO/IEC 

90003:2004. 

N/A - 

After delivery Conformance N/A - 

RAD Conformance N/A - 

Validation of 

user 

documentation 

Conformance N/A - 

Part life cycle 

supply 

situations 

Conformance N/A - 

„Body shopping‟ Conformance N/A - 

Complete 

workplace 

situations 

Conformance N/A - 

7.3.7: Control of design and development changes 

Changing 

customer 

requirements 

Conformance N/A - 

Changes 

initiated by the 

organization 

Conformance N/A - 

Change 

management 

Conformance N/A - 

Regression 

testing 

Conformance N/A - 

7.4: Purchasing 

7.4.1: Purchasing process 

Types of 

software 

purchase and 

control of 

purchased 

product 

Conformance N/A - 

Integrated 

solutions 

Conformance N/A - 

Specialist 

product 

suppliers 

Conformance N/A - 

Subcontract 

programming 

staff 

Conformance N/A - 

Subcontracting 

off-shore 

programming 

Conformance N/A - 
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Aspect of the 

Guidelines 

TickIT 

guidelines’ 

Conformance 

status with 

GSE 

 

Additional guidelines for 

GSE 

Hints 

7.4.2: Purchasing information 

 Conformance N/A - 

Independent 

review of 

specifications 

Conformance N/A - 

RAD Conformance N/A - 

7.4.3: Verification of purchased product 

Scope of 

verification 

Conformance N/A - 

Virus checking  Conformance N/A - 

Subcontracting 

components 

Conformance N/A - 

Software testing 

tools 

 

Conformance N/A - 

Value added 

reselling 

Conformance N/A - 

Verifications 

carried out at 

subcontractor‟s 

premises – 

Benchmark 

trials 

Conformance N/A - 

Customer 

verification of 

subcontracted 

product – 

Relative 

responsibilities 

Conformance N/A - 

Other bought-in 

products 

Conformance N/A - 

7.5: Production and service provision 

7.5.1: Control of production and service provision 

Software 

production 

It is beyond 

the scope of 

the thesis to 

evaluate 

ISO/IEC 

90003:2004. 

N/A - 

Quality controls Conformance N/A - 

Implementation 

/ Roll-out 

Conformance N/A - 

Software 

operations, 

maintenance 

and after-sales 

support 

Conformance N/A - 

Service level 

agreements 

Conformance N/A - 

Help desk 

operations 

Conformance N/A - 

User training Conformance N/A 

 

- 
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Aspect of the 

Guidelines 

TickIT 

guidelines’ 

Conformance 

status with 

GSE 

 

Additional guidelines for 

GSE 

Hints 

7.5.2: Validation of processes for production and service provision 

Software 

development in 

the context of 

this clause 

Conformance N/A - 

Service 

provision 

Conformance N/A - 

Personnel Conformance N/A - 

Defined 

methodologies 

Conformance N/A - 

Support 

processes 

Conformance N/A - 

7.5.3: Identification and traceability 

Entire life cycle Conformance N/A - 

Constituent 

items 

Conformance N/A - 

Traceability  Addition In GSE, it is a good 

practice to have a single 

centralized infrastructure 

for SCM so that effective 

traceability can be 

maintained between all the 

global sites [28] [Survey-

Q6] [Interview-Q2]. 

 

- 

Release 

baselines 

Conformance N/A - 

7.5.4: Customer property 

Customer-

supplied 

software 

Conformance N/A - 

Customer 

mandated 

products 

Conformance N/A - 

Intellectual 

property 

Conformance N/A - 

Customer data Conformance N/A - 

Customer 

supplied test 

data 

Conformance N/A - 

Data migration 

and data 

exchange 

Conformance N/A - 

Negotiable 

paper 

Conformance N/A - 

Consumable 

supplies and 

services 

Conformance N/A - 

7.5.5: Preservation of product 

Handling 

packaging, 

storage and 

delivery 

Conformance N/A - 
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Aspect of the 

Guidelines 

TickIT 

guidelines’ 

Conformance 

status with 

GSE 

 

Additional guidelines for 

GSE 

Hints 

Product 

identification 

Conformance N/A - 

Implications for 

different 

product types 

Conformance N/A - 

7.6: Control of monitoring and measuring devices 

Monitoring and 

measuring 

devices for 

software 

development 

Conformance N/A - 
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5.5 TickIT Requirements 8 
 

Table 6: TickIT Guidelines for Requirement 8 
Aspect of the 

Guidelines 

TickIT 

guidelines’ 

Conformance 

status with 

GSE 

 

Additional guidelines for 

GSE 

Hints 

8: Measurement, analysis and improvement 

8.1: General 

Measurement 

activities 

Conformance N/A - 

Conformity of 

the quality 

management 

system 

Conformance N/A - 

Tracking costs Conformance N/A - 

Software 

engineering 

measurements 

Conformance N/A - 

Use of statistical 

techniques 

Conformance N/A - 

8.2: Monitoring and measurement 

8.2.1: Customer satisfaction 

A critical input 

to management 

review 

Conformance N/A - 

Sources of 

information 

Conformance N/A - 

Customer 

awareness 

within the 

organization 

Conformance N/A - 

8.2.2: Internal Audit 

A critical input 

to management 

review 

Conformance N/A - 

Quality 

management 

system 

Conformance N/A - 

Processes Conformance N/A - 

8.2.3: Monitoring and measurement of processes 

A critical input 

to management 

review 

Conformance N/A - 

Suitable 

methods 

Conformance N/A - 

Process 

monitoring 

Conformance N/A - 

Process 

capability 

assessment 

Additions In Global Software 

Development environment, 

in addition to using the 

general and commonly 

used process capability 

assessment methods 

(SPICE and SW-CMM), it 

- 
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Aspect of the 

Guidelines 

TickIT 

guidelines’ 

Conformance 

status with 

GSE 

 

Additional guidelines for 

GSE 

Hints 

is beneficial to use 

specialized capability 

models which assess 

dedicated processes like 

outsourcing or off-shoring. 

These models are more 

focused and help in 

measuring the buyer 

company‟s outsourcing 

capability with regard to its 

suitability for the vendor 

company and the 

suitability of the project to 

be outsourced. 

[1][8][59][62][63][64][65] 

[66][67][68][69][70][72] 

[Interview-Q9]    

8.2.4: Monitoring and measurement of product 

A critical input 

to management 

review 

Conformance N/A - 

8.3: Control of nonconforming product 

Controlling 

nonconformity 

Conformance N/A - 

Post delivery Conformance N/A - 

Disposition of 

nonconforming 

software 

Conformance N/A - 

Release 

authority 

Conformance N/A - 

8.4: Analysis of data 

Relevant data Conformance N/A - 

Procedures for 

data analysis 

Conformance N/A - 

8.5: Improvement 

8.5.1: Continual improvement 

Identifying 

opportunities 

and planning 

for continual 

improvement 

Conformance N/A - 

Process 

capability 

assessment and 

improvement 

Conformance N/A - 

8.5.2: Corrective action 

A critical input 

to management 

review 

Conformance N/A - 

Process 

characteristics 

Conformance N/A - 

Product defects Conformance N/A - 

Nonconforming Conformance N/A - 
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Aspect of the 

Guidelines 

TickIT 

guidelines’ 

Conformance 

status with 

GSE 

 

Additional guidelines for 

GSE 

Hints 

product 

identification 

Relevant 

procedures 

Conformance N/A - 

Customer 

complaints 

Conformance N/A - 

Project focused 

corrective 

action 

Conformance N/A - 

Process focused 

corrective 

action 

Conformance N/A -- 

Completing 

corrective 

action 

Conformance N/A - 

8.5.3: Preventive action 

A critical input 

to management 

review 

Conformance N/A - 

Process 

implications 

Conformance N/A - 

Related 

processes and 

procedures 

Conformance N/A - 

Process 

improvement 

models 

Conformance N/A - 

 

 

 

 

5.6 Discussion and Summary 
 

As can be seen from the tables above, the majority of the requirement guidelines 

conform to the GSE philosophy and will cause no issues regarding the working of a 

QMS in a distributed environment. This is due to the fact that the ISO 9001:2000 

TickIT requirements‟ guidelines are written in an abstract and generalized manner and 

as the basic software development practices and activities are the same in both 

collocated and distributed environment, none of the guidelines require to be removed.  

But, although there is no removal required in the guidelines, the authors felt that 

some additions to the guidelines are necessary to enhance the understanding of QMS 

in a distributed working environment. These additions are shown in the tables above in 

the form of extra guidelines to incorporate GSE into the concerned aspects of the 

guide. 

From the evaluation, the authors deduced that the guidelines pay more attention to 

inter-organizational multi-teams. Separate requirements for handling subcontracting, 

purchasing and supplying third party outsourced products are given in TickIT guide. 

However, the focus on intra-organizational multi-site teams is limited and the 

guidelines for them are very abstract and implicit.  
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Moreover, the authors also deduced that various challenges that exist in globally 

distributed environment (like cultural, communication, coordination problems etc) are 

not given particular focus in the guidelines. The processes within a distributed 

organization should be adapted to handle these challenges. But as the TickIT 

guidelines only exist to influence the organizations to develop their own set of 

processes [14], we cannot enforce these within organizations. Therefore, no such 

process additions have been given in the recommendations in this chapter. However, 

Chapter 7 in this thesis does provide a list of extended practices that organizations may 

use to improve their workings in a globally distributed environment. 

There were some aspects which were not considered for this evaluation and these 

can be baseline for future enhancements for this research. They are as follows: 

 The evaluation did not thoroughly cover all parts of the TickIT guide 

namely Part A, Part B, Part C, Part D, & Part F (partially covered in 

Chapter 7 and Appendix C of this thesis). Only the ISO 9001:2000 

requirements guidelines in Part E were covered in this research 

comprehensively. 

 The evaluation did not cover some of the other complementary standard‟s 

guidelines which TickIT guide mentions, like ISO/IEC 90003:2004 and 

ISO/IEC 12207:1995 etc. 

 The evaluation only considers the TickIT guidelines to ISO 9001:2000 

requirements and not the requirements themselves. The requirement 

statements were not changed. 

 

The core contribution of this chapter was to present the evaluation of ISO 

9001:2000 TickIT guidelines. Each requirement‟s guidelines in part E of the TickIT 

guide were analyzed carefully and their conformance with the globally distributed 

software engineering environment was described. The evaluation of ISO 9001:2000 

TickIT guide requirements 4, 5, 6, 7 and 8 were specified in separate tables within this 

chapter.  
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6 EMPIRICAL VALIDATION 
 

This chapter describes the survey and interviews conducted to validate the research 

done in this master thesis. It describes the design of the survey and interview 

questionnaires. It also analyzes the results that were provided by the respondents. The 

results from this analysis were used to make informed decisions on the 

recommendations provided in Chapter 5. 

6.1 Procedure 
 

The validation of this empirical research used a multiple designs strategy [104]. 

This incorporated elements of flexible design (interviews) and fixed design (survey) 

[104]. A survey was conducted with certified TickIT auditors from the United 

Kingdom and Sweden. The survey motivated the need of the research. It also partially 

validated the recommendations given to update the TickIT guidelines for a Global 

Software Engineering (GSE) environment. The survey was conducted online and a 

link to the survey was given to a sample of TickIT certified auditors. 

In addition to surveys, two interviews were conducted with experienced TickIT 

auditors. The first interview was conducted with an in-house auditor at a multi-sited 

organization in Karlskrona, Sweden. The second interview was conducted with a 

TickIT provisional auditor at Ronneby, Sweden. Details of these interviews are given 

in Chapter 6.4 and their transcripts are provided in Appendix B – The Interview 

Transcripts. Both of the interviews validated the recommendations given for the 

TickIT guidelines in Chapter 5.  

6.2 Questionnaire Design 
 

A structured, closed ended questionnaire was prepared for the survey and was 

distributed online to certified TickIT auditors. The questionnaire contained a total of 8 

questions and was divided into two pages. The guide for the questionnaires is given in 

Appendix A – The Survey Questionnaire. 

The first page contained a question about the personal information of the auditors. 

It asked the auditors about their names, country of origin, email address, years of 

experience as an auditor and whether they have previously audited globally distributed 

companies. 

The second page contained 7 general questions about factors that need to be 

looked at in a global environment. Details of these questions are as follows: 

 Question 2 contained a rating of software engineering practices to 

determine whether they are understood and considered in the industry. The 

reason for including this question was to check the importance of these 

practices with auditors and organizations in a global environment.  

 Question 3 covered a rating of a list of factors that could affect the 

workings of a Quality Management System (QMS) in a globally 

distributed environment. The reason for including this question was to not 

only check auditors‟ awareness, but also to validate that these factors 

could contribute in the failure of a QMS. 

 Question 4 was designed to determine whether auditors check for the 

influence of culture when they audit multi-site companies. 

 Question 5 was designed to determine the importance in TickIT of a 

single, well-defined process throughout a multi-sited organization. 
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 Question 6 checked the importance of a centralized knowledge 

management infrastructure. This question was basically designed to 

validate a recommendation. 

 Question 7 was also designed to validate a recommendation. In this 

question, we determined whether it was a good idea to translate the quality 

manual to local languages at each of the multi-sites in an organization. 

 Question 8 checked whether it was important for the two types of multi-

site organizations (described in Chapter 3) to have a consistent QMS. 

 

Sections for additional comments were also provided for question 4 to question 8, 

so that auditors could give additional feedback if they wanted to. 

6.3 Analysis of Questionnaire Results 
 

This analysis facilitates us in providing a motivation for the research as well as 

proves the importance of certain factors for globally distributed organizations. In 

addition to this, the survey also attempts to validate certain recommendations given in 

Chapter 5 of the thesis.  

 

6.3.1 Question 1 – Personal Information 
 

This question collected the basic information of the respondents and their 

experience as an auditor. It also evaluated whether they had previously audited 

globally distributed organizations. 

The following table shows the number of the respondents for the survey. 

 

Table 7: Summary of Respondents 
 Number of 

Auditors 

Percentage of 

Auditors 

Total Auditors contacted 40 100% 

Non-Respondents 31 81% 

Respondents 9 23% 

 No audit experience for 

globally distributed 

organizations 

4 10% 

Audit experience for 

globally distributed 

organizations 

5 13% 

 

 

Note: It should be noted that the results of only the auditors that were experienced 

in auditing globally distributed organizations was used for analysis in this research. 

 

 

6.3.2 Question 2 – Ranking Practices 
 

This question ranked various practices on a scale that is described as follows: 

 

 5 – The practice is well understood and consistently considered in the 

audited companies (90–100% of the time). 

 4 - The practice is understood and considered relatively often but 

sometimes is omitted under difficult circumstances (60–90% of the time). 
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 3 - The practice is understood and considered only about half the time 

(40–60% of the time). 

 2 - The practice is understood and considered less often than not (1–40% 

of the time). 

 1 - The practice is not understood and considered. 

 

These practices were evaluated based on globally distributed environments and 

multi-site organizations. The average of the rating given by the respondents is shown 

in the table below: 

 

Table 8: Rating of GSE Practices 

Practices Average rating Practices Average rating 

Human Resource 

Management 4.4 
Outsourcing, Acquisition 

and Supply 3.8 

Maintenance 4.2 
Problem Analysis & 

Resolution 3.6 

Architectural 

Design 4.2 Requirement Engineering 3.6 

Configuration 

Management 4.2 Training 3.6 

Management 4.2 Cultural Differences 3.4 

Verification 4 
Communication and 

Collaboration 3.4 

Infrastructure 

support 4 Validation 3.4 

Time-zone 

difference 4 Trust 3.4 

Quality Assurance 4 Knowledge Management 3.2 

Interdependence in 

work tasks 3.8 Process Improvement 3.2 

Documentation 3.8 
Social activities between 

team members 3 

Software 

Integration 3.8 
Monitoring and 

Measurement 2.8 

Authority and 

Power 3.8 
  

 

 

Almost all of the practices had an average rating of above 3.0, which meant that 

they were being considered 40%-90% of the time in multi-site organizations. This 

showed the importance of considering these practices in TickIT. 

Only the last practice, i.e. monitoring and measurement was being considered less 

than 40% of the time. However, the results still show that these practices are important 

and are being considered in most multi-site organization. 

This question motivates the importance of all these factors in our research. 

 

6.3.3 Question 3 – Factors contributing to failure  
 

This question deduced the rating of some pre-determined factors that may affect 

the working of a QMS. The rating scale was from 1 to 5, where 1 was the most 

contributing factor and 5 was the least contributing factor.  

Most of the factors got an average rating of 2.5 – 3.5, which meant that they were 

important factors that may contribute to failures in QMS. However, two factors i.e. 
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lack of face-to-face meetings and lack of joint risk management, were given a rating of 

2.0 and 2.2 respectively. This meant that these two factors were considered more 

important than others and may influence the QMS to a greater extent.  

All the above factors influenced the recommendations that we gave in Chapter 5. 

However, recommendations for two requirements in Chapter 5.4 (Requirement 7.2.3 & 

Requirement 7.3.1) were validated with the high scores given for face-to-face meetings 

and lack of joint risk management in this question. 

 

6.3.4 Question 4 – Exploration of culture 
 

40% of the respondents answered that they do explore culture when auditing 

globally distributed organizations. The remaining 60% said that they do not. This 

meant that although culture is evaluated by some auditors, it is not necessarily 

evaluated all the time. TickIT does not have specific guidelines for the evaluation of 

culture and auditors, only after years of experience discover the importance of cultural 

differences. We feel that this factor is important and it should be specifically 

incorporated in the TickIT guide so that all the auditors become aware of this. We 

have made some additional recommendations to incorporate this in Chapter 5.1 

(Requirement 4.1) and Chapter 5.3 (Requirement 6.2.2). These recommendations have 

further been validated through the interviews. 

 

 
             Figure 7: Results of question 4 

 

6.3.5 Question 5 – Single Process Model 
 

40% of the respondents answered that it was necessary while 60% answered that a 

single process model was important but not necessary. There is a difference in opinion 

among auditors in this question, which was expected as the TickIT guide does not 

provide any guidelines for this. However, we can easily make a deduction from this 

result that it is important to have a single, well-defined process model rather than 

different process models running at each multi-site location. This has influenced some 

additional guidelines in Chapter 5.1 (Requirement 4.1). 
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           Figure 8: Results of question 5 

 

6.3.6 Question 6 – Centralized Knowledge Management Infrastructure 
 

60% of the respondents answered that it was a good idea to have a centralized 

knowledge management infrastructure and some of the comments we got on this 

question said that the good global organizations usually do have centralized knowledge 

management infrastructures. Thus we can determine that it can be a good practice to 

have this in an organization, however it is not necessary. This question influenced 

some additional guidelines in Chapter 5.1 (Requirement 4.2.2). 

 

 
             Figure 9: Results of question 6 

 

6.3.7 Question 7 – Translate Quality Manual 
 

60% of the respondents answered that it was good to translate the quality manual 

into the local sites language. Although English is a commonly used language in most 

organizations, some of the employees may understand the manual better if it was in 

their own local language. We have therefore provided this recommendation by making 

an additional guideline in Chapter 5.1 (Requirement 4.2.2). 

 

 
          Figure 10: Results of question 7 
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6.3.8 Question 8 – Consistent QMS at Multi-sites 
 

All the respondents had the same opinion on this question that it was necessary to 

have a consistent QMS for intra-organizational multi-sites, but it was not necessary 

for inter-organizational multi-sites. This was an expected result. 

6.4 Interviews  
 

The motivation behind the interviews was to conduct an in depth validation of the 

recommended changes to the TickIT guidelines provided in Chapter 5. The interviews 

were semi-structured in nature [106], where both open-ended as well as specific 

questions were used to validate the recommendations. 

 

6.4.1 Introduction of Interviewee 1 
 

The first interviewee was Person A, who is currently working as a Product 

Development Excellence (PDE) Manager at Organization A in Karlskrona. He 

previously worked as an internal auditor for ISO 9000 and TickIT at the same 

organization. Organization A is a multinational organization that works in 

collaboration with offices in different countries like Sweden, China, India and Ireland.  

The interview was conducted at the office of Organization A in Karlskrona, 

Sweden on the 7th of May 2009. The interview duration was of approximately 1 hour. 

 

6.4.2 Introduction to Interviewee 2 
 

The second interviewee was Person B, who became an internal auditor in the year 

1993 at Organization A. In 1998, he started to evaluate sub-contractors for their 

conformance with QMS. His basic education as an ISO 9001 auditor was obtained in 

early 2001 and he received his certification as an ISO 9001:2000 TickIT auditor in 

2005. Currently Person B is a Provisional Auditor for TickIT 2000. 

The interview with Person B was conducted at Blekinge Institute of Technology in 

Ronneby, Sweden on the 8th of May 2009. The interview duration was approximately 

1 hour. 

6.5 Analysis of Interview Results 
 

This analysis facilitates us in providing a validation for the recommendations 

given through the literature reviews. It also helps us make informed decisions about 

the recommendations based on what is being done in the industry. 

 

6.5.1 Question 1 – Cultural differences 
 

This is related to TickIT guidelines additions in Chapter 5.1 (Requirement 4.1). 

Interviewee 1 suggested that cultural differences may exist when the cultural distance 

between two countries is large (e.g. Sweden and China) and may not exist when this 

distance is small. However, he suggested that this was a very important part that 

needed to be handled most of the time. Interviewee 2 suggested that the checking of 

cultural differences may vary from auditor to auditor. He said that experienced 

auditors usually check this aspect in audits but inexperienced ones might not do so. 
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This suggested that culture is an important aspect that is not considered by TickIT, and 

auditors may or may not check for it in audits.  

Both the interviewees had different ways of describing the need, but they reached 

the same conclusions. They agreed that cultural difference is one of the reasons for 

problems regarding communication in distributed multi-site companies. They also 

agreed that it can cause delays and misunderstandings. From an auditor‟s perspective, 

it is important to focus on such issues. According to the interviewees auditors should 

see whether a company has any difficulties around the issue of cultural differences and 

whether they have any processes of dealing with these issues. Some elements of 

training in the education of the auditor, regarding cultural differences are also required. 

It is an open consensus that there should be some sort of guidelines regarding cultural 

differences issues in the TickIT guideline as well.  

Through these suggestions we made recommendations in Chapter 5.1 

(Requirement 4.1). 

 

6.5.2 Question 2 – Establishing and maintaining the Quality Manual 
 

This is related to TickIT guidelines additions in Chapter 5.1 (Requirement 4.2.2) 

which suggested the presence of a centralized knowledge management infrastructure 

and localized language translations for Quality Manual at all the sites of the distributed 

organization.  

Interviewee 1 said that Organization A is already following such a centralized 

infrastructure and have a Central Documentation Database. He said that it was very 

important that data is accessible from all parts and offices around the world and central 

knowledge management is an important addition. Interviewee 2 agreed that the 

centralized infrastructure could be an important addition. However, he pointed out that 

as an auditor he would like to see if the manual is accessible on all sites. He would not 

care about the technique an organization uses to make it accessible.  

When talking about manual translation, Interviewee 1 said that most companies 

have English as their official language and may not need manual translations to their 

local language. He said that however, there may be some organizations that may 

follow the local language as their official work language. For them it is a necessary 

addition. He also suggested that in companies following Agile Development, 

information is required to reach people quick and that it should therefore be in an 

understandable form. Interviewee 2 agreed with the above points and had the same 

suggestion. He said that if the employees did not understand the common language, it 

was a good addition. 

In most of the multi-national companies, English is considered as the official work 

language so mostly the Quality Manual is in English. It is agreed that in order to make 

the Quality Manual reachable and understandable, a central information management 

system with localized languages is an important addition. As an auditor, you need to 

check whether everyone has access to the knowledge base and Quality manual. 

Through these suggestions we made recommendations in Chapter 5.1 

(Requirement 4.2.2). 

  

6.5.3 Question 3 – Help files for standard software packages 
 

This is regarding the TickIT guidelines additions in Chapter 5.1 (Requirement 

4.2.2) and is related to providing help files for assisting and understanding various 

software packages working in a distributed multi-site environment. 

Interviewee 1 described help files as an effective means of understanding 

particular software packages. Interviewee 2 pointed out that this was required even in 
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single-site organizations. He also suggested training routines for companies to teach 

their employees about working with these tools. 

The interviewees agreed that in both collocated and multi-site environment, it is 

required that there should be some help documentation provided. This is to assist 

effective understanding of the software package, and for that matter required for any 

other tool as well. Through these suggestions we made recommendations in Chapter 

5.1 (Requirement 4.2.2). 

 

6.5.4 Question 4 – Management Commitment 
 

This is regarding the TickIT guidelines additions in Chapter 5.2 (Requirement 5.1) 

and is concerned with the presence of management commitment for the work tasks of 

remote sites.  

This question showed the different perceptions of the interviewees and they 

brought out different aspects of the question. Interviewee 1 stated that auditors have to 

look at all sites of a multi-site organization and not just one site. He said that in-house 

auditors are put at every site and each of them checks their respective site for 

management commitment. In the end these auditors communicate this commitment 

amongst themselves to reach some conclusion. Interviewee 2 talked only about how 

one site would show its management commitment to the others, but not vice versa. 

However, he suggested that management awareness to the working of other sites could 

be used as a check to see how committed they are towards the other sites. He also 

suggested checking the Management Review for information regarding the remote 

sites. 

Close analysis of both the answers suggested the importance of Management 

commitment towards remote sites. Both the interviewees stated different strategies but 

they agreed on the fact that it was important to have the management committed 

towards the remote sites. This has been suggested in Chapter 5.2 (Requirement 5.1). 

 

6.5.5 Question 5 – External liaison at each remote site 
 

This is regarding the TickIT guidelines additions in Chapter 5.2 (Requirement 

5.5.2).  

Interviewee 1 suggested that external liaisons will improve the communication 

effectiveness of the sites and are therefore important. Interviewee 2 agreed that it was a 

good idea to have external liaisons, but also said that it was not the only solution to 

this problem. He suggested that there were other solutions as well. However, he did 

agree that it would be a good suggestion to have an external liaison at each individual 

site. 

Collaboration amongst multi-site teams is very important and external liaisons 

may help improve the communication effectiveness. Through the discussion with the 

interviewees it was analyzed that for intra-organizational sites, these liaisons may be 

needed because there are tasks which are dependent on each other and often the work 

is at the same level. Thus here, it is more important to have a representative present, to 

provide constant communication of the progress and work tasks amongst all the sites. 

This makes it possible to handle the delivering of the completed work for integration. 

But on the other hand, when outsourcing is done to another organization (inter-

organization), work tasks required are most often independent, and these liaisons may 

not be that important. Thus the amount of dependencies in work tasks depicts the 

amount of communication needed. Hence, these dependencies need to be planned 

properly and tried to be kept to a minimum at different sites of the organization, to 

reduce the need for communication. 
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These points validated the recommendations we made in Chapter 5.2 

(Requirement 5.5.2).  

 

6.5.6 Question 6 – Communicating with remote customer 
 

This is regarding the TickIT guidelines additions in Chapter 5.4 (Requirement 

7.2.3).  

Interviewee 1 agreed with the importance of customer proximity for 

communication and discussed how Organization A was handling this problem. 

Interviewee 2 however, suggested that as an auditor he would check what techniques 

the companies are using and whether they have documented these communication 

techniques. 

Both the auditors agreed that the recommendations given in Chapter 5.4 

(Requirement 7.2.3) were valid and could be added as guidelines.  

 

6.5.7 Question 7 – Internal Audits 
 

This question was related to the removal guidelines in Chapter 5.4 (Requirement 

8.2.2). (“The audit schedule should include projects at different stages of their 

lifecycle, or provide for 'snapshots' of the same project at different stages of the life 

cycle, or both”) 

Both the auditors were unsure of the removal. Interviewee 1 suggested that local 

internal auditors should be hired at each site and these auditors should audit the 

organization at different stages of the project. Finally all the local auditors could 

collaborate to get the final snapshots of the different stages of the lifecycle. 

Interviewee 2 talked about different scenarios of how inter-organizational multi-sites 

and intra-organizational multi-sites should be dealt with. 

Although, both of the interviewees agreed that it was not feasible for a single 

auditor to go around to all the multi-sites to audit them, they provided alternative ways 

in which the multi-sites could be audited. 

By analyzing their responses, we came to know that it is possible to use this 

guideline as it is in a multi-sited organization. Therefore as a final informed 

recommendation, we suggested that these guidelines conform to the GSE philosophy 

and there was no need to remove them. This result can be seen in Chapter 5.4 

(Requirement 8.2.2). 

 

6.5.8 Question 8 – Key Interfaces 
 

This is regarding the TickIT guidelines additions in Chapter 5.1 (Requirement 

4.1).  

Interviewee 1 agreed that organizations needed to consider the suggested second 

dimension of key interfaces for multi-sites. While Interviewee 2 agreed with this, he 

said that it is also important to check whether the company has considered the 

interfaces between sites at every level. 

Therefore, both the auditors agreed that it would be a good idea to add these as the 

current interfaces were only single dimensional, and TickIT needed to look at the 

second dimension of multi-site organizations. Thus suggestions were made 

accordingly in Chapter 5.1 (Requirement 4.1).  
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6.5.9 Question 9 – Outsourcing 
 

This is regarding inclusion of specialized models for outsourcing as mentioned in 

Appendix C - 12.17 (Outsourcing). Both Interviewee 1 and Interviewee 2 agreed on 

our suggestions that there should be some sort of specialized outsourcing models 

involved in TickIT guide. This is for companies to check whether they have control 

over their outsourcing processes. The models signify things that need to be taken into 

consideration, whether you are outsourcing or purchasing. Interviewees stated that 

maturity models like CMMI includes some kind of level for third party products. The 

latest ISO 9001:2008 version has also put in more emphasis on outsourcing. So it 

would be beneficial for TickIT guide to include such outsourcing models as well. 

 

6.5.10 Question 10 – Time-zone difference 
 

This is regarding the challenge of time-zone differences and due to it, lack of 

common work hours.  

Interviewee 1 suggested that some additional notes in the guidelines, regarding 

time-zone differences could help the auditors as organizations do face these problems 

in multi-sites. Interviewee 2 suggested the organizations need to plan for time-zone 

differences between the sites and auditors need to check for this. 

Both the interviewees agreed that there is quite a lot about communication in the 

TickIT guide, but not anything about the problem of time-zone compatibility for multi-

site organizations. The auditors can detect problems with time-zone differences 

through documentation of common activities and see whether these common activities 

are being performed at times suitable for both sites.  

Thus guidelines for this issue are important and have therefore been added in 

Chapter 5.1 (Requirement 4.1).  

 

6.5.11 Question 11 – Competence, Awareness and Training 
 

This is related to the additions in the guidelines of Chapter 5.3 (Requirement 

6.2.2). Both the auditors agreed that awareness of GSE problems is very important for 

the organization and the auditors. Interviewee 2 also pointed out the exact requirement 

part (i.e. 6.2.2(d)) that would be discussed using these additions.  

The responses from the interviewees validated the recommendations made in 

Chapter 5.3 (Requirement 6.2.2). 

6.6 Validity Threats to the Research 
 

It is very important to understand the validity of the results in this research. There 

were few threats to the validity that were considered and reduced. However, some of 

the threats were unexpected during the validation and these might affect the validity of 

the research.  

 

The following threats to the validity were considered: 

 The design of the survey questionnaire could lead to the wrong results. 

This threat was eliminated to some extent by having two experienced 

researchers validate the questionnaire before deploying it. 

 Another threat was that the interview questionnaire might miss some 

relevant questions which may lead to the wrong results. This threat was 

reduced as the questionnaire was prepared by two master students who 

discussed and collaborated when designing the interview questionnaire. 
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Therefore, if one person missed something, the other person would have a 

chance of including that question. 

 The third threat was that during the interviews, some of the information 

that the interviewees explain might be missed by the interviewers. This 

threat was completely eliminated by using an audio recording device to 

record the interviews. 

 Another threat raised because of the use of the audio recording device was 

that the interviewees might hesitate to give all the information because we 

were recording them. This threat was minimized by assuring the 

interviewees at the start of the interview that the recordings will only be 

used for our remembering purposes. 

 The fifth validity threat was that the subject responses might show 

biasness and may be false. This threat is known as mono-operation bias 

[82]. This threat was reduced by using more than one interviews and 

sending survey questionnaire to 40 subjects. This meant that if any one of 

the respondents showed biasness, it would be negated out by using 

answers from the other respondents.  

 Another threat to the study was the authors‟ biasness in the interviews and 

the data analysis. This threat was reduced by working in close 

collaboration with one of the interviewees during the thesis research and 

confirming the interpretations with him. 

 

 The following threats were seen but could not be reduced: 

 The number of respondents for the survey questionnaire was very low. 

Only about 18% of the initially contacted people responded. 

 The number of interviews conducted was low as well. Initially 5 people 

were contacted for interviews. However, only 2 responded positively. 

 

Although, the number of interview and survey respondents were enough to 

validate the study, it can be suggested for future work that more interviews and 

surveys be conducted to generalize the results to a wider population. 

 

6.7 Discussions and Summary 
 

A multiple designs strategy, incorporating elements of flexible design (interviews) 

and fixed design (survey), was used to validate the thesis [104]. A survey and two 

interviews were conducted and the recommendations provided from the literature 

reviews were validated using these techniques.  

The data from the survey showed that the majority of the aspects that were 

recommended for the TickIT were important in the industry. It also proved that the 

motivations behind the research were valid and important. In addition to this, the 

survey also provided validations to two recommendations made for the TickIT guide 

and pointed out important factors that could affect the workings in multi-site 

organizational teams. 

The interviews were conducted with certified TickIT auditors to discuss all the 

recommendations that were given for the TickIT guide in detail. The data collected 

from the interviews was analyzed and it helped in validating each individual 

recommendation. It provided proof that the contributions made by the authors were 

valid and applicable in the industry. 

This chapter described the empirical validation of the thesis research. It also 

described the design of the survey questionnaire and the details of the interviewees that 

were contacted for the interviews. In addition it gave a detailed analysis of the survey 

and interview results.  
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The core contribution of the chapter was to help provide informed 

recommendations, by validating the initial recommendations that were made by the 

authors using the literature reviews. It provided proof of the validity of the research 

and checked that the recommendations were compatible with the industry in which 

they would be used. 
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7 EXTENDED OVERVIEW OF GSE PRACTICES FOR 

TICKIT – A LITERATURE REVIEW 
 

According to DeLone et al. [105], organizations have a hard time operating in a 

globally distributed environment not because of their lack of capability, but because of 

their lack of awareness of problems associated with global work. This chapter 

increases this awareness by providing a list of processes and good practices for 

improving these processes in a globally distributed environment. These practices have 

been compiled using TickIT part F and a number of GSE research articles as listed in 

the table below. 

However it should be noted that this chapter does not provide all the detailed 

information about these practices. The detailed description of these practices is given 

in Appendix C. In addition to this, Appendix C also discusses the problems that 

organizations face in implementing each of these practices. 

 

7.1 Extended Practices 
 

Table 9: Extended practices (Details in Appendix C – Extended GSE Practices for 

TickIT – A Literature Review.) 

Process Areas Good Practices for distributed software engineering 

Quality Assurance In collocated environments, it is often easier to recover from failures. 

However, in distributed environments, it is not as easy. Therefore, there is a 

need to have some indicators that can tell in advance if a process is failing. 

 

Process Quality 

There are a few key indicators that indicate that a process needs adjusting to 

improve quality [28]: 

 Increased communication  

 Morale of developers 

 Frequent changes in the requirements or design 

 

Product Quality 

This can be assured by catching three types of issues; semantic, syntactical 

and miscommunicated features. These are [28]: 

 Code errors 

 Incorrect features 

 Missing / misunderstood features 

 

Verification There are a list of good practices for the global environment as described by 

[28]: 

 Automated code inspections 

 Prototyping 

 Regular requirement reviews 

 UML Modelling 

 

Validation There are a list of good practices for the global environment: 

 Acceptance testing [28] 

 Extended workbench [28][33] 

 Collocating peer reviews [33] 
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Knowledge 

Management 

There are a list of good practices for the global environment: 

 Enforcing centralized infrastructure for knowledge management [28] 

 Cultural sensitivity [83] 

 Incentives [83] 

 Weekly meetings [84] 

 Minimal artefacts [85] 

 Tool support [28] 

 

Documentation Practices that are good for documenting in a global setting are: 

 UML diagrams [78] 

 Sharing templates [80] 

 Early technical reviews [79] 

 Traceability between various documentation [28] 

 

Configuration 

Management 

There are various practices that make Software Configuration Management 

(SCM) easier to handle in a global environment: 

 Work breakdown with minimal dependencies [89] 

 Tool support [87][88][92] 

 Assembling code and design modules into libraries 

 Single SCM environment instance [89] 

 Clarifying SCM concept before development [89] 

 

Problem Resolution The following practices tend to improve problem solving in a globally 

distributed environment: 

 Globally centered problem repository [93] 

 Tool support [93] 

 Build up of trust 

 Normative Software Problem Management Process [95] 

 

Development Requirements Engineering 

 UML models [28] 

 Elicitation meetings for remote team leaders [28] 

 Periodic reviews 

 Tool support 

Design 

 Tool support [28] 

 Remote team meetings with local teams  

 UML models induce understanding [28] 

Coding, Testing, Installation and Support 

The practices for these are somewhat similar to those of single-site teams. 

However certain communication and coordination problems do exist. The 

good practices described under the heading of communication and 

coordination should be used here as well. 

 

Maintenance There are a few good practices for maintenance in a distributed 

environment: 

 Negotiating a service level agreement [102] 

 Establishing a maintenance infrastructure [102] 

 Setting up a maintenance process that is suitable to the culture [102] 

 Automating the maintenance process [102]  

 

Risk Management Risk Identification 

 Diagnostic methods like Software Risk Evaluation [28], ATAM [28] 

and risk profiling [28] should be used. 
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Risk Mitigation 

 Increase organizational capabilities [28] 

 Contingency planning [28] 

 

Risk Monitoring 

 Frequent status meetings [28] 

Infrastructure The three basic areas of effective infrastructure management in GSE are; 

knowledge management, software configuration management and 

communication /collaboration. Their good practices have been discussed in 

different row headings of this table. 

 

Human Resource 

Management 

Some effective ways to handle workforce management are [96]: 

 Collect relevant information from talent pools around the world. 

 Devise appropriate compensation and benefit schemes for workers. 

 Increase cultural understanding. 

 Follow government immigration policies. 

 

Cultural 

Differences 

The following practices will reduce the adverse effects of cultural 

differences: 

 Spread awareness of cultural customs and traditions of remote and 

local team members [25]. 

 Educate team on distributed working and cultural competence [26]. 

 Kickoff meetings to start off projects and technical meetings during 

design phase [25]. Face-to-face meetings wherever possible [26]. 

 Use well-known and predefined terminology [25]. 

 International liaisons [23]. 

 Incremental integration of project functions [23][27]. 

 Language training [27]. 

 Team selection by matching cultural compatibilities [26]. 

 Coaching and learning culture from other team members [26]. 

 Social events and personal forums to bring teams together [26]. 

 

Communication 

and Coordination 

The following practices will reduce communication and coordination 

problems in the GSE environment: 

 Minimize task dependencies and reduce ambiguities [28][40]. 

 If possible, try to avoid sites with large time-zone differences [28]. 

 Promote asynchronous communication [28]. 

 Beware of seasonal work habits across development sites [28]. 

 Facilitate knowledge sharing and collaboration at specific junctures or 

central location [28]. 

 

Trust Organizations need to have some good practices to improve trust. These 

practices are outlined below: 

 Improve performance based trust [28]. 

 Face-to-face meetings and Kickoff meetings 

[17][38][48][49][51][52][53]. 

 High quality video conferencing [15][51]. 

 Conflict resolution strategies [48]. 

 Software development method that provides flexibility and 

adaptability and works in small iterations [48][54]. 

 Incentive based communication. 

 Maintain predictive communication patterns [48]. 

 Language training [49]. 

 Exchange of staff between sites [28]. 

 Swift trust [57]. 
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Time-zone 

Difference 

If possible, try to avoid sites with large time-zone differences [28].  

However this is not always possible. Therefore, certain practices need to be 

adapted to reduce the adverse effects of time-zone differences: 

 Maximizing work-time overlap by adapting and changing office hours 

[94]. 

 Be aware of when the other teams are available [94]. 

 Anticipate the needs of the other sites and provide them with 

explanations of the problem during asynchronous communication [94]. 

 Teams can work from home to increase the work-time overlap of two 

distributed teams [94]. 

 

Outsourcing There are several models that distributed organizations should follow: 

 Outsourcing decision making models [62][63]. 

 Outsourcing process frameworks [64][65][66][67][68][69][70][72]. 

 Outsourcing maturity frameworks [1][8][59]. 

 

Monitoring and 

Measuring 

Various mechanisms for monitoring and measuring process and product 

quality have already been described under the row heading of Quality 

Assurance in this table. 

 

Auditing There are certain points that auditors need to check during the audit of an 

organization: 

 Both the parties should have a legally enforceable contract [103]. 

 The service provider should have a statement of work that lists down 

the work they need to do to fulfil the contract [103]. 

 Monitoring outsourced organization at periodic intervals [103]. 

 There should be connectivity and network security [103]. 

 There should be data access security [103]. 

 There should the presence of project monitoring and governance 

processes [103]. 

 There should be compliance with regulatory requirements [103]. 

 There should be arrangements for customer satisfaction through 

customer feedback etc [103]. 

 

 

7.2 Discussion and Summary 
 

Multi-sited organizations have a hard time operating because they are not aware of 

the challenges that might exist when working in a global environment. There are a 

number of good GSE practices available in the literature that can be used to overcome 

these challenges. 

This chapter deals with 19 process areas and good GSE practices within these 

process areas. Majority of these process areas have been taken from Part F of the 

TickIT guide. These areas were analyzed and combined under individual headings that 

were important in the GSE environment. Some additional factors (cultural differences, 

trust, time-zone differences, communication and coordination) that were described in 

most literature [25][26][27][28][40][94] as the key problems for the global multi-sited 

environment were also used in this chapter. 

In short, this chapter discussed various good practices that multi-site organizations 

can adopt to minimize the effects and risks involved with working in a globally 

distributed environment. The chapter only provides a high-level outline of these 

practices.  

The core contribution of this chapter was to provide multi-site organizations with 

ways to improve their organizational processes by adapting already proven good 
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practices. This would help these organizations in improving their quality management 

system. This chapter also contributes in raising the awareness of the reader about the 

specific problems that might exist in a distributed environment and the practices that 

overcome these problems. 
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8 CONCLUSIONS AND FUTURE WORK 

8.1 Research Conclusions 
 

Organizations working in a globally distributed multi-sited environment often face 

a number of challenges that do not exist in a collocated organization. These challenges 

influence the day-to-day workings of an organization and may affect the quality of 

various lifecycle processes and software products.  

This thesis research evaluated the guidelines of the ISO 9001:2000 TickIT guide, 

to check whether the QMS it provides, can run in a globally distributed environment as 

well as it does, in the collocated domain. There were two major research contributions 

made by this thesis. The conclusions of these contributions are shown in this chapter. 

 

8.1.1  Contribution 1 – Recommendations for the TickIT guidelines 
 

Based on the analysis of the literature reviews, survey and the interviews, the 

authors concluded that the recommendations given by the TickIT guide were abstract 

enough to incorporate the workings of global, multi-sited organizations. TickIT 

included specific guidelines for subcontracting organizations (i.e. inter-organizational 

multi-sites). Moreover several aspects of intra-organizational multi-sites were also 

dealt with, in the original guidelines. 

However, based on extended study of the literature and with the help of the 

interview and survey subjects, the authors pinpointed a number of weaknesses in the 

TickIT guidelines. There were a number of global problems that the guidelines did not 

handle. To overcome these weaknesses, various recommendations were made to the 

TickIT guidelines in the form of „additional guidelines for GSE‟ in Chapter 5.  

The authors also concluded that it was not necessary to remove any of the existing 

TickIT guidelines. This was because of the abstract nature of these guidelines and the 

fact that all of them were compatible in the global software domain. However, there 

were some additional guidelines that were important in the workings of a global 

organization. These were suggested in the form of additions to the following 

requirements:  

 

 Guidelines in Requirement 4.1 – Adopting a process model: This requirement 

talked about adopting of a process model. Our additional guideline 

recommended the use of a single, well-defined process throughout the 

distributed sites in a project environment. Another recommendation was that 

in addition to the practices in ISO/IEC 12207 model that the current TickIT 

guidelines conform to, there is a need for the organizations to use existing 

proven GSE practices. The thesis discussed these practices in Chapter 7 and 

Appendix C.  

 Guidelines in Requirement 4.1 – Processes which span departments or 

functions: The original guidelines in this requirement talked about processes 

that span departments or function. However, they did not discuss these 

department existing across borders and implications such as cultural 

differences and communications problems that may arise. Our additional 

recommendation suggested that working across borders requires knowledge of 

culture differences and proficient communicational abilities. It also suggested 

that proper attention be given to communication and coordination, culture and 

time-zone differences. Another suggestion made was the inclusion of 

additional interfaces between function / departments that exist at different sites 
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in a global organization e.g. Development (site A) with Development (site B) 

or Testing (site A) with Testing (site B) etc. 

 Guidelines in Requirement 4.2.2 – Quality Manual: This requirement 

originally included guidelines for the use of various software packages. But 

normally in a global environment it is seen that the software package 

suggested by one global team is usually not easily adopted and understood by 

another global team in a different location. Therefore, our additional 

recommendations suggest the use of process and guidelines with these 

software packages so that understanding them is easier for the off-site teams to 

understand the software packages. Moreover, another additional suggestion to 

this requirement was to translate the quality manual in the localised languages 

of each site within the global organization. The reason was to increase the 

understanding and comprehension of the quality manual at these sites. 

 Guidelines in Requirement 4.2.4 – Storage: One important suggestion made 

for storage of quality records in a global environment was to provide 

appropriate access and access control to people from every global site. The use 

of a centralized storage infrastructure was suggested for organizations that 

could afford it. 

 Guidelines in Requirement 5.1 – Management commitment: A suggestion for 

the managers in a globally distributed environment was that they should 

demonstrate their commitment to their organization through actions. These 

actions could include ensuring the availability of resources through constantly 

scanning talent pool and new technological information from around the 

world. 

 Guidelines in Requirement 5.5.2 – Management representative: The 

guidelines in this requirement discussed management representatives and their 

role in developing the quality management system. However, it did not focus 

on how this role could be fulfilled in a global environment. Our suggestion 

included having external liaisons at each remote site so that these 

representatives could ensure that the quality management system is made in 

collaboration with each site. 

 Guidelines in Requirement 6.1 – Meeting customer requirements: The existing 

guidelines put emphasis on customer requirements being fulfilled and 

resources being provided to completely fulfil these requirements. We 

suggested the use of a larger global labour pool to select these resources. This 

would raise the probability of finding the staff with the right technical and 

interpersonal skills. 

 Guidelines in Requirement 6.2.2 – Key skills: These guidelines talked about 

key skills needed but did not say anything about the skills important in a 

global environment. Therefore three recommendations were provided; 

Appreciation of influence of global cultural differences towards human 

perception in user interfaces, techniques for integration of globally distributed 

development work and handling coordination strategies of work tasks in a 

globally distributed setting. 

 Guidelines in Requirement 6.2.2 – Awareness of GSE challenges: This 

guideline suggested that it is very important to be Aware of GSE problems that 

may affect work processes. Knowledge about overcoming them is also a 

necessity. It was therefore recommended that the personnel performing work 

in a globally distributed environment should be aware of socio-cultural 

diversity, language diversity, temporal diversity, geographic 

distribution/dispersion, trust issues, coordination issues, communicating in a 

global environment, legal and political diversities. 

 Guidelines in Requirement 6.4 – Reducing human errors: Communication is 

one of the major factors that induce human errors in a global environment. The 
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recommendation made in this guideline was the use of specialized 

communication tools to enhance communication and reduce these errors. 

Factors such as cultural and language diversity also introduce errors and 

another recommendation was to spread awareness about these issues and 

provide training to improve these factors and reduce the diversity. 

 Guidelines in Requirement 7.1 – Support information and records: These 

additional guidelines that were suggested talked about information and record 

sharing throughout the global environment. The suggestions included good 

practices like central information repositories and global access at all times. 

 Guidelines in Requirement 7.2.1 – Determination of requirements related to 

the product: The additional recommended guidelines in this requirement 

talked about how it gets difficult to determine the product requirements from 

clients when they are at a distant global location. This guideline suggested 

some good practices like tool support and setting up offices near the client‟s 

location. 

 Guidelines in Requirement 7.2.3 – Implications of working with a remote 

customer: The additional guidelines recommended here talked about various 

problems that global organizations face when communicating with a customer 

at a remote site. It recommends using one or more of the following GSE 

practices e.g. face-to-face kickoff meetings, good quality video conferencing, 

organizational representatives located near the customer, setting up local 

offices near the customer location and frequent progress reports. 

 Guidelines in Requirement 7.3.1 – Identification of risk: This additional 

guideline recommended the use of a joint risk management strategy within the 

entire setup of the global organization. All the multi-site offices should work 

in this joint risk management strategy. 

 Guidelines in Requirement 7.5.3 – Traceability: In the original requirement 

guidelines there was no mention of how traceability could be kept when 

different teams are working from different locations in separate offices. There 

was a need to specify some good ways to manage traceability in a global 

environment. Therefore, the additional guidelines recommended a good 

practice of using a centralized infrastructure for SCM to maintain traceability 

between all global sites in the organization. 

 Guidelines in Requirement 8.2.3 – Process capability assessment: This 

recommendation suggested the use of specialized capability to assess 

processes like outsourcing and off-shoring. It is through the use of these 

models that organizations can measure the buyer company‟s outsourcing 

capability with regard to its suitability for the vendor company and the 

suitability of the project to be outsourced.  

 

(Note: Each of the above mentioned requirements contained a combination of 

more than one recommended guidelines. The bullets show a summary of the guidelines 

that were recommended in the research.) 

 

All the above provided guidelines were validated through the use of interviews and 

a survey with certified TickIT auditors. This ensured the credibility of these 

guidelines. 

In conclusion, originally the TickIT guidelines were only partially compatible with 

the global environment. Various additions were incorporated in the guidelines to make 

them completely comply to the global software needs.  
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8.1.2 Contribution 2 – Extended Global Software Engineering 

Practices for TickIT 
 

The authors also concluded from the literature reviews that the major cause for 

failures in global projects was the lack of awareness of global problems and their 

solutions. However, because of the abstract nature of the TickIT guidelines, these 

problems and their detailed solutions could not be fully added into the guidelines. The 

authors therefore described these in Chapter 7 and Appendix C. Chapter 7 only 

provided a brief overview of the solutions and Appendix C covered the detailed 

aspects. The 19 areas discussed within these chapters provided detailed descriptions on 

the problems that may be encountered during a global project‟s lifecycle. These areas 

also discussed the solutions to these global problems. The solutions were taken from 

well known sources in the literature and have already been proven in the industry. 

This is a major contribution for the thesis as well because it can provide globally 

distributed organizations with ways to minimize the effects and risks involved with 

working in a globally distributed environment.  

8.2 Research Questions Revisited 
 

The research questions identified in Chapter 1 were looking at two research 

aspects: 

 The organizational and process needs of globally distributed multi-site 

organizations. 

 The suitability of the ISO 9001:2000 TickIT guide as a software process 

framework for globally distributed multi-site organizations. 

 

8.2.1 Answers from the Literature Review 
 

The literature review was divided into two parts. The first part identified the 

globally distributed multi-site needs for organizations and the second part checked 

whether the TickIT guide had fulfilled these needs. These literature reviews covered 

both of the above described research aspects. 

Based on these literature reviews, initial recommendations were given (Chapter 5) 

to adapt the TickIT guide for use in the globally distributed environment. Moreover, 

certain extended practices (Chapter 7) were also provided for multi-site organizations 

to reduce challenges they may encounter on a daily basis. 

 

8.2.2 Answers from Empirical Validation 
 

Although the literature review provided answers to both the research aspects, 

there was a need to check whether the recommendations and research provided was 

valid in the industry. Certified TickIT auditors were used to validate the research. 

Interviews were conducted with two highly experienced auditors in Sweden and the 

recommendations given in Chapter 5 were validated using their experience. Moreover 

an online survey was conducted among 40 auditors from UK and Sweden and the 

results were validated using their auditing experience. 

These validations ensured that informed decisions were being made for the 

recommendation provided to enhance the TickIT guide. This strengthened the results 

provided for the second research aspect. The final informed recommendations 

provided for the TickIT guide can be seen in Chapter 5. 
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8.3 Suggested Future Work 
 

It was beyond the scope of the thesis to evaluate the guidelines of ISO/IEC 

90003:2004 (accompanied guidelines to the ISO 9001:2000 requirement guidelines). 

Therefore further research on this is needed to fully evaluate the compatibilities of the 

TickIT guide with Global Software Engineering (GSE). 

While working on the thesis project several related areas and practices were 

discovered. These practices are outlined in Chapter 7 and Appendix C of the thesis. 

However, due to limitations in time, the authors could not perform an extensive study 

on these practices. For future work, an extensive study on each of these practices can 

be performed to define a set of best practices that multi-sited organizations can utilize 

in the industry.  

In addition to this, procedures for measuring the global challenges and risks (like 

trust issues, cultural differences, communication and collaboration problems etc) in 

multi-site organizations can also be researched.   

We also plan on generalizing the results of this research to a wider population by 

contacting more certified auditors from outside the UK and Sweden, and conducting 

interviews and surveys with them. This will improve the validity of our research and 

verify that the research conclusions are valid outside the existing two countries where 

the empirical validation was performed. 
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10 APPENDIX A – THE SURVEY QUESTIONNAIRE 
 

Terms used:  
 

1. Global Software Engineering / Distributed Software Engineering: Running of software engineering processes 

and software development lifecycle amongst distributed and remote locations.  

2. Multi-site organization: Organization with offices at multiple cross-border locations which may or may not have 

common vision, budget and leadership (suppliers, partner organizations, outsourced organizations, department 

sites).  

3. Single-site organization: Single office organization at single location.  

4. The Tick-IT guide: A guide to Software Quality Management System Construction and Certification to ISO 

9001:2000 – November 2007 – Issue 5.5  

5. Inter-organizational multi-site: The collaborating sites are a part of different organizations.  

6. Intra-organizational multi-site: The collaborating sites are a part of the same organization.  

 

2.  

Rate the following practices according to the defined criteria (Consider in view of Multi-site or globally distributed 

organizations). 

 

  

The practice is 

well understood 

and consistently 

considered in 

the audited 

companies (90–

100% of the 

time) 

The practice is 

understood and 

considered relatively 

often but sometimes 

is omitted under 

difficult 

circumstances (60–

90% of the time). 

The practice is 

understood 

and 

considered 

only about half 

the time (40–

60% of the 

time). 

The practice is 

understood 

and 

considered 

less often than 

not (1–40% of 

the time). 

The practice 

is not 

understood 

and 

considered 

Quality Assurance 
     

Verification 
     

Validation 
     

Social activities 

between team 

members      

Documentation 
     

Requirement 

Engineering      

Architectural Design 
     

Software Integration 
     

Maintenance 
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The practice is 

well understood 

and consistently 

considered in 

the audited 

companies (90–

100% of the 

time) 

The practice is 

understood and 

considered relatively 

often but sometimes 

is omitted under 

difficult 

circumstances (60–

90% of the time). 

The practice is 

understood 

and 

considered 

only about half 

the time (40–

60% of the 

time). 

The practice is 

understood 

and 

considered 

less often than 

not (1–40% of 

the time). 

The practice 

is not 

understood 

and 

considered 

Interdependence in 

work tasks      

Configuration 

Management      

Problem Analysis & 

Resolution Strategies 

/ Customer 

Complaint Handling 
     

Management 
     

Authority and Power 
     

Infrastructure 

support      

Human Resource 

Management      

Training 
     

Cultural Differences 
     

Communication 

and Collaboration      

Trust 
     

Time-zone 

difference      

Outsourcing, 

Acquisition and 

Supply      

Process 

Improvement      
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The practice is 

well understood 

and consistently 

considered in 

the audited 

companies (90–

100% of the 

time) 

The practice is 

understood and 

considered relatively 

often but sometimes 

is omitted under 

difficult 

circumstances (60–

90% of the time). 

The practice is 

understood 

and 

considered 

only about half 

the time (40–

60% of the 

time). 

The practice is 

understood 

and 

considered 

less often than 

not (1–40% of 

the time). 

The practice 

is not 

understood 

and 

considered 

Knowledge 

Management / 

Information Sharing      

Monitoring and 

Measurement      

 

3. While auditing multi-site and globally distributed organizations, how much do you think that the following 

factors contribute to the failure of a Quality Management System?  

OBSERVE: 1=most contributing, 5=least contributing, you can only choose one answer per row and column  

  1 2 3 4 5 

Lack of understanding 

between teams.      

Lack of trust and 

commitment.      

Minimal face-to-face 

meetings due to 

increase in cost to do it.      

Lack of language skills. 
     

Terminology differences. 
     

Unwillingness to 

collaborate due to 

professional insecurity.      

Faulty effort estimates 

due to insufficient data.      

Increased complexity of 

sharing knowledge.      

Lack of common goals. 
     

Lack of joint risk 

management.      

Poor cultural fit. 
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  1 2 3 4 5 

Time-zone difference. 
     

Poor version control or 

configuration 

management.      

 

4.  

In some cultures, openly showing conflict is deemed immature while others see a good argument as bringing the 

best out of people. As an auditor, do you explore the presence of a “culture conflict resolution strategy” or 

“cultural training programs” in an organization? 

 

 
Yes 

 
No 

 
Not Certain 

 

Comments: 

 
 

5.  

For multi-site organizations to get ISO certified, how important do you think is the presence of single well-defined 

process model, rather than different process models running at each location? 

 

 
Not important (does not matter) 

 
Important but not necessary 

 
Necessary 

 
Not certain 

 

Comments: 
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6.  For effective collaboration of knowledge in a multi-site organization, do you suggest the presence of a 

“Centralized knowledge management infrastructure”, rather than individual knowledge infrastructures at each 

site?  

 
Yes 

 
No 

 
Not Certain 

 

Comments: 

 
 

7.  In your opinion, is it good to translate the quality manual (for better understanding) into local languages of 

each site in the multi-site organization?  

 
Yes 

 
No 

 
Not certain 

 

Comments: 

 
 

8. For organizations to be ISO certified, is it required for each site of a multi-site organization to have a consistent 

Quality Management System?  

  Yes No Not Certain 

For Intra-organization Multi-site (The 

collaborating sites are a part of the 

same organization)    

For Inter-organization Multi-site (The 

collaborating sites are a part of 

different organizations)    

 

Comments: 
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11 APPENDIX B – THE INTERVIEW TRANSCRIPTS 
 

Following is the list of questions asked in interviews and their respective answers. 

The answers are in narrative transcription form and the authors tried to maintain the 

actual wordings as much as possible.  

 

Interviewee 1 – Person A, Product Development Excellence (PDE) Manager at 

Organization A, Karlskrona, Sweden 

 

Interviewee 2 – Person B, Provisional Auditor of TickIT 2000 in Sweden. 

 

Q 1: In multi-site organizations, the sites are usually distributed globally. This 

means that the team members are people from very different cultures. Culture 

can have many bad effects on the workings in an organization. For example, it 

may cause language problems, miscommunications (Indians employees would not 

say no to any work you tell them to provide, even if they cannot do it. And when 

the deadline approaches a manager may find himself in trouble). Another 

example is the difference between American and Japanese where Americans are 

individualistic people and work well as an individual whereas Japanese are team 

based people and work in collaboration.  

We believe that this is a big problem for multi-site organization. However, we 

have not seen much in TickIT regarding checking for this factor.  

Is there any way of measuring or assessing the consequences of cultural 

differences or do auditors look at certain things like documentations, proof of 

cultural training / awareness etc.  

We have suggested language training, using understood terminologies, 

exposing teams to other cultures/sending member to remote sites and locations, 

cultural training seminars etc 

Do you agree that this is a good addition to TickIT guidelines? 

 

Interviewee 1: Yes that is an important part to add in the TickIT guide because at 

an occasion when Organization A‟s offices at Karlskrona and Shanghai (China) offices 

were assessed, these were some of the reasons which came out to be the cause of 

problems. When it comes to cultural differences, it depends on the countries you are 

taking under consideration. Like if we compare Sweden with Ireland, we would find 

not much difference in cultural understanding. Other than minor misunderstanding 

sometimes, majority of the times problems could be solved quite easily due to 

similarity in work practices. But if you consider country like China, there are a lot of 

cultural differences. Like when you are saying „Yes‟ in China, sometimes you mean 

„No‟ and it is not polite to say „No‟ in China. If you are asked to do something, they 

say „Yes‟ and try to do it anyways without considering if it is doable or not. That is not 

the thing we are used to in Sweden. Thus we have to do continuous communication 

and persist by asking whether they have understood and keep constant track of 

progress. This goes both ways. That is, they are communicating in a way we have 

difficulty understanding and we are communicating in a way they have difficulty 

understanding. So it is a problem, and we have noted this while working with China. 

So now we are setting up Cultural training programs. As we follow agile method of 

software development, and in it the software development lifecycle has to be fast, so 

we cannot afford the problem of miscommunication and delay due to that. Language 

part can still be handled as most of the multi-national organizations are following 

English as their official work language, but the cultural part and difference in work 

environments can cause problems.  
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Interviewee 2: I think it differs between auditors. That is very much related to the 

auditor‟s experience. But for me it is quite obvious that you should consider cultural 

differences because that nearly always implies problems in some way, like 

misunderstandings and so on. And from an auditor‟s point of view, it is important that 

you have focus on that. You see that whether a company has any difficulties around 

this issue and whether they have any processes dealing with these issues. I think there 

should be some elements of training regarding cultural differences in the education of 

an auditor. Yes there should be guidelines regarding these issues like cultural 

differences in the TickIT guide, both more specific and detailed. I prefer detailed 

guideline to most extent because it is good as an auditor to get examples and hints.   

 

Q 2: Requirement 4.2.2 talks about establishing and maintaining the quality 

manual. The TickIT guidelines state that the documentation should be accessible 

to all those who use it. 

We suggested the use of a central knowledge management infrastructure for 

the multi-sites so that everyone at these sites can explore the manual easily.  

Do you think providing these additional guidelines would be helpful for 

auditors and organizations? Could they perhaps use these as good practices for 

GSE? 

Would it be easier for culturally different multi-site teams if the quality 

manual was translated into the local language at each of the site? 

 

Interviewee 1: Looking at how Organization A is doing it, we are using internet to 

internet communication as much as possible and every kind of information you require 

can be found in the Central Documentation Database which could be accessible from 

all parts and offices of Organization A around the world through internet. All our 

documents are written in English as it is the standard language with Organization A. It 

is a requirement for people working in Organization A that they understand English. 

So it is not a big deal for us and companies like us who use English as their official 

work language, but it might be problems for some other companies which consider 

their own national language as their work language. It is important for a Quality 

Manager to be aware of that kind of information. So in some way in practice, to make 

information reachable and understandable to all the offices at different parts of the 

world, central information management system with localized languages is an 

important addition. Now again when it comes to agile way of working, you must reach 

it quick and you need to go and find it immediately the minute you needed the 

information.  

Interviewee 2:  As an auditor, you need to check whether everyone has access to 

the knowledge base and quality manual. And what you do as an auditor is to do some 

sampling. When you meet selected people or when you audit people, you ask them, 

“Can you please show me the Quality Manual?” If you ask this question, you will see 

if it is accessible to that person. You can do this several times on the sample people 

you select. What I want to see is if it is accessible from all the sites in a multi-site 

organization. My interest is whether it is accessible or not. And not how they do it. 

You also need to be sure that they have access to the latest version. Yes, centralized 

knowledge management is a way to give access but checking how access is given is 

not required, but can be a suggestion given in TickIT guide.  

The translations of the quality manual in localized languages depend on one thing. 

If people that are employed, understand English, that is enough. But if they do not, it 

needs to be translated.  
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Q3: Guidelines for Requirement 4.2.2 also suggest using standard software 

packages for screen-based QMS. But usually what happens is that software being 

used at one site is not so easily understood by people at the other sites. 

Should auditors ensure that the software packages have help files for 

understanding their use? 

Do you think that it would be an improvement, if processes and guidelines 

(help documents) for using software were also given? 

 

Interviewee 1: Yes. I think this is again in terms of communicating and 

understanding. For effective understanding for a particular software package, help files 

can be the means to do this.  

 

Interviewee 2: Yes. That is required anyways, in single site organizations as well. 

The company should have education on the procedures and routines they have as well 

as tools. So that is required. The question is how a company teaches their employees 

how to use the tools that they have. They should have a training routine for this. 

 

Q4: We know that management commitment for working of QMS is 

important (Requirement 5.1). 

How can auditors check local managers’ commitments for the workings of a 

remote site? And do auditors need to do this? 

How important do you think is management commitment for intra-

organizational multi-site teams? In your opinion do we need to check this while 

auditing and can the top management communicate this commitment just as 

easily as it does in single-site organizations? 

 

Interviewee 1: That is one of the problems that could be a little bit tricky to handle. 

When you are auditing or assessing an organization, you are probably more looking at 

one side and looking how they can handle or supporting the other parts, but you have 

to of course look at both sides. The findings must not necessarily be the same at both 

sides. You can feel that you are supporting very well from one way to the other but 

you do not feel support from the other organization. So I think that is something which 

might be pointed out here due to the complex communication, you must look at both 

sides because there are communication from sides that must work. 

 To keep a check for effective communication from both sides, most often we have 

auditor here in Sweden, and we have an auditor in China. They make an audit looking 

at the communicational thing like whether information is reachable at both side, and 

those two auditors communicate their results. Maybe information flow is high at one 

side and less from the other side. So discussion of the auditors at the end gives the 

result of problems in communication. But it is not feasible often and at all times, in 

terms of money, to have auditors travel at both side. So it depends on the company and 

budget. 

Interviewee 2: I think it is the matter of awareness. If I go to a local site and ask 

that if they know the quality management system, if they know the business goals and 

if they know what activities are done in this site and the remote site. Because the 

company at all sites need to be able to show how the different sites and different parts 

of the company contribute to the goals and to the quality management system. This is 

quite easy to check because you notice that as an auditor and if you talk to a manager 

in for example India, you notice if he has awareness of the management system. And it 

is not enough that he says “yeah I know the system”.  He has to show that knowledge 

by describing it.  

Also vice versa, it is the same, for example you are considering managers in 

Sweden and checking of their awareness and commitment to for example India. You 

have one paragraph in the TickIT guide about “Management Review”. And 

Management Review is one thing that should always be documented. And if you look 
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at the Management Review and do not find anything about the remote site, you will 

directly be suspicious. But if you have some elements of it, you should go in detail and 

check them. That is the technique to know if the remote sites are considered in the 

Quality Management System.  

 

Q 5: In requirement 5.5.2 (Management representative), the guidelines state: 

“The management representative may also need to have external liaisons with 

general IT regulators such as the Data Protection Commissioner or industry specific 

authorities such as safety bodies.” 

We agree with this but we think that for multi-site teams, “The management 

representative may also need to have external liaisons in each remote site so that 

the quality management system is made in collaboration with all the sites.” 

Do you think this would be feasible? 

 

Interviewee 1: I think this collaboration part is very important and external liaisons 

may help improve the communication effectiveness. It all depends on the type of 

collaboration, whether internal or external. If for example internally with Organization 

A, Swedish part and Chinese part are basically working on the same level. We are 

making the same kind of work. It is like we divide the work and ask them to complete 

and send it back to us for integration. It is more like that we are doing this, and you are 

doing that and then we are putting together the system later on. So it is more work of 

the same level and for this it is more important to have some sort of representative 

there, communicating the progress and work tasks amongst both side and then making 

it possible to deliver the completed work back for integration. When we are working at 

the same level, we must have communication that must work continuously all the way.   

But when it comes to situations like hiring consultants to do some other levels of 

work task not directly related to our core work, the thing is that we give them an 

assignment and they come back to us after that work is done. Here too understanding 

is important, but it is little bit of more of a one way communication and not much 

complex. We get the work back when its ready and we accept it or reject it or ask them 

to rework. Well its little bit of easier communication when external tasks are assigned 

and just the result is got at the end. So maybe at that time, continuous communication 

is not a must and we can do without external liaisons.  

Anyways, in both situations, it all depends on how work is divided and how work 

tasks are dependent on each other. Interdependencies can depict how much 

communication is needed. So it depends on task dependencies and both situations can 

require more or less communication due to that. Yes dependencies are very important, 

but anyways you need to plan for the dependencies. It could be different kinds of 

dependencies. It could be dependencies in time, or it could be dependencies like using 

the same code. Thus you need to plan for dependencies and what kind of dependencies 

you can handle in the best way related to your competence and what tools you need.  

Interviewee 2: That is a solution and that maybe a good solution. It is not the only 

solution you could think about. But the thing is that they solve this requirement. Yes 

the answer is that it is probably a good idea and maybe added as a guideline in the 

TickIT, but it is not required in order to solve this requirement. Yeah I think that I 

would appreciate if you have an amendment or addition here that in a multi-site 

organization you could have liaisons at each location.  
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Q 6: In requirement 7.2.3 (Customer communication), we think that there 

needs to be a new heading to discuss the “implications of communicating with 

remote customers”.  

This is what we suggest under the heading. 

“When working in a global environment, organizations are faced with the 

task of communicating with a customer located in a remote site at a different 

location. These encounters can lead to problems like:  

 Use of asynchronous communication (like email) mechanisms increases 

delays, adding ambiguity, redundancies and obsolescence into 

communication. 

 Difficulty in frequent involvement of customer results in unclear and 

unconfirmed requirements being progressed towards development. 

 

To overcome these problems, one or more of the following practices shall be 

employed: 

 Face-to-face kickoff meetings 

 Good quality video conferencing 

 Organizational representative located close to the customer. 

 Setting up local offices near customers’ location. 

 Frequent progress reports. 

 

Do you agree that customer communication can be a problem? 

What do you think on this addition? 

 

 Interviewee 1: Yes I think so. These can assist in better customer communication. 

In our organization (Organization A), we have also set up a structure that we call a 

“market unit”. This market unit is the first line communicator with the customer and is 

always present near to the customer. Then they are communicating also with the 

development unit. So being close to customer and having close collaboration with the 

development unit improves the understanding of the customer requirements. Why we 

have done that is exactly what you are pointing at here because we need this market 

unit that is sitting close to the customer and thus we do not have the problem with time 

gaps and the language and cultural problems. They can contact the customers very 

easily and very quickly on the need basis and they can communicate internally with 

Organization A later on. 

Interviewee 2:  Yes. These practices can improve customer communication and 

maybe added as guidelines. But the important thing for me is to check not how they do 

it, but whether they are doing it or not. Whether they have documented their 

procedures or whatever techniques they are using to improve customer 

communication. I would check, do they manage that, have they defined it, do they 

follow their definitions and processes that they have defined. So this is interesting to 

check how they manage their customer communication.  

 

Q 7: In requirement 8.2.2 (Internal Audit), TickIT states that, “The audit 

schedule should include projects at different stages of their lifecycle, or provide 

for 'snapshots' of the same project at different stages of the life cycle, or both.” 

In multi-site projects the stages of the lifecycle may be distributed at different 

sites and locations.  

Now is it feasible for auditors to perform audits at all these different sites? 

What is the general process of evaluation for these in distributed projects? Does 

an auditor check the workings of a QMS at all the sites? 

  

Interviewee 1: No, I would say that we would not do that as it would be quite 

expensive to let the internal auditor travel around the world just to follow one lifecycle 
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of the product or check the same product in different lifecycle. So our internal auditors 

are located at one site. Like we have internal auditors here in Karlskrona, and they 

have some in Shanghai. So they are local, site wise. And then these auditors must 

communicate. I mean we have for instance 4 or 5 products here in Karlskrona. One of 

the products we have cooperation with India, one with Shanghai, one we do internally 

here, and the fourth one is with the consultant part to Ireland. The auditors here must 

have the knowledge of how we are working and knowledge about the other sites also. 

And then there are auditors at other sites around the globe and they must communicate 

and compare their results of the report and their audits. So auditors at all sites need to 

have knowledge of the working practices of other sites as well. What I would like to 

see in some way is that you as a company have taken care of the differences in work 

environments and have provided some sort of multi-cultural training and awareness 

program. Companies should know about these issues when they are working with 

companies with very different culture. I mean working with Swedish and Danish 

people together is not such a big deal as similar culture, but working for example in 

America and China has very vast difference in culture. So I think that companies must 

be aware if there is some kind of cultural changes and they must be taking care of that 

in some way and they must be able to point at that. 

Interviewee 2: In terms of auditor checking different stages of the lifecycle at 

different sites, it all depends on the contract between the companies. If they are the 

sub-contractor and the requirements for this sub-contractor is very much defined, then 

the only thing you need to check from here is that they fulfil the contract. But if it is a 

sub-project that is steered from this location, then I would expect this project to be part 

of an internal audit program. Sometimes it does happen that you send auditors to 

remote sites but it all depends on the company if they can afford it or not. In sub-

contractor situation, if they are hired by a company, that company needs to store 

records of how they have evaluated and approved them as sub-contractors. But I think 

that the important point here in this paragraph is that if a company has distributed 

development within their own organization, they should have internal audit of the 

remote site. I would be surprised if they do not and they would have to give a very 

good reason for that. The important sentence in the TickIT guide regarding this 

requirement is the sentence before that, which states “the audit schedule defines a 

selection of projects to be audited”. You do not need to audit all projects. Several 

companies say that we audit all projects, but if they do not audit some of the projects, 

they might have to give some reasons why not. Whether it is for convenient reasons or 

whether it is for cost reasons to travel to remote site. But they must properly motivate 

the reasons. Yes the company can still get the TickIT certificate even if not all projects 

are audited, but this is only when they have defined some good reasons for that. I think 

several auditors forget that there are also remote sites that should be included, so it is 

good to have additional guidelines for that in the TickIT guide.   

 

Q 8: TickIT in requirement 4.1 gives certain key interfaces for processes that 

span functions. These included: 

• Marketing/design and development. for review of requirements related to 

product,  

• Customer/design and development, for requirements definition, 

• Design/test, for verification and validation, 

• Customer/service operations, for installation requirements (particularly 

customized implementations). 

• Customer/service operations, for service support, 

• Development/technical documentation, 

• Project management/top management. 

We feel that more interfaces need to exist for multi-sites where a particular 

function may be being performed simultaneously at two sites. We proposed the 

following interfaces 



  77 

• Development (Site A) / Development (Site B). 

• Design (Site A) / Design (Site B). 

• ... 

Do you think that these interfaces are necessary for multi-site organizations? 

Do you feel that they should be added to the TickIT guidelines? 

 

Interviewee 1: Yes I agree, because this is just one dimension. You can have 

second dimension when it comes to multi-site. You can have development to 

development split at two sites and you can have test to test. Yeah I agree fully on 

that. It is something that should be added here.  

Interviewee 2: Yes I think that would be a good idea but it is not a requirement. 

The most important thing is to check if the company has considered the interfaces 

between the sites on every level. Companies should define their communication 

plan, and this includes communication between the teams in distributed 

environment. You should check that they have defined how they should 

communicate and do they communicate as they have defined and does it work. That 

is my issue as an auditor.  

 

Q 9: Some other models for outsourcing have been suggested in the 

literature. We heard that now in the next version of TickIT, they are including 

maturity levels like that of SPICE and CMMi. We feel that there should be 

some sort of specialized models for outsourcing purposes and not only maturity 

models which are general in nature. Can they include properties of such kind of 

specialized outsourcing models? (Some examples of such models are included in 

the Appendix C under the heading “Outsourcing”). 

 

Interviewee 1: Yeah I think that is good. In CMMI, you have some kind of 

level for third party products. I think that is very good because these models show 

the things that need to be taken into consideration whether you are outsourcing or 

buying products.  

Interviewee 2: Yes I think so. If you look at the latest ISO 9001:2008 version, 

you notice that they have put in more emphasis on outsourcing. Now they are 

looking at things like, “do the companies have control over their outsourcing 

processes?” Outsourcing products already exist, but now they are looking at 

outsourcing processes as well. So these kinds of models can add up to this.   

 

Q 10: Another major problem in Global Software Development is the 

time-zone difference between various sites. Common working hours are often 

limited which may significantly affect quality of work. Also holiday times of 

particular site is not known or considered at other site. What do think about 

this problem? Does TickIT provide any good practices to handle distributed 

projects which differ in time-zone? 

 

Interviewee 1: In Agile development, you are very helped by sitting together. 

You can just go over and ask other people for queries. But in multi-site it is very 

difficult. When you are calling over the world to for example China, it has happened 

quite a few times that they have vocation day that day and we do not know about it. 

And also we have only a time slot of only 2 or 3 hours when we can work together. 

But we can handle that by saying that we have meeting daily at some common time 

when it is early morning here or late afternoon there. There is quite a lot about 

communication in the TickIT guide but not exactly in the terms of solving the 

problems of time-zone compatibility. So you might include some added notes 

regarding this.    
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Interviewee 2: That should be part of a company‟s planning. They should take 

care of these issues in their schedule. They should not schedule most intensive work 

when it is holiday time in some remote site. When you audit the planning of an 

organization, you will check whether the company has considered the time-zone and 

holiday season of the remote site. The auditors detect problems with time-zone 

difference through documentations of common activities and also ask the people in 

the company whether common activities are being done at times suitable for both 

sites.  

 

Q11: We feel that one way of reducing GSE problems like cultural 

differences, coordination issues etc, is by making people aware of them. We 

suggest this in Requirement 6.2.2 (Competence, Awareness and training). The 

guideline had no heading about awareness so we specified this under a new 

heading. 

What is your opinion about this addition? 

Awareness of GSE problems that may affect work processes, and 

knowledge about overcoming them is also a necessity. The personnel 

performing work in a globally distributed environment should be aware of: 

 Socio-Cultural and language diversity 

 Temporal diversity. 

 Geographic distribution/dispersion. 

 Managing trust issues. 

 Coordination issues. 

 Communicating in a global environment. 

 Legal and political diversity 

 

Interviewee 1: Yes. As I said earlier, that people and auditors need to know 

about these things so some guidelines regarding these issues are important. 

Interviewee 2: Yes. I think that is good. And that will help when checking 

requirement 6.2.2 (d). Because 6.2.2 (d) talks about awareness and states that “the 

organization shall ensure that its personnel are aware of the relevance and 

importance of their activities and how they contribute to the achievement of the 

quality objectives”. Yes awareness with GSE problems can be a good addition for 

guidelines for this requirement. And you gave a lot of examples there and it would 

be good to have these as an addition.  

 

Q12: Any other comments regarding this research. 

 

Interviewee 1: Yes I think that you are pointing at the right things here. One 

thing that might be included and I do not know if you have thought about it or not 

are the tool perspective. I mean in some way you are using and have mentioned 

some central support and centralized tools. You have touched a little bit about that in 

the beginning. There could be a problem managing that as well. Like we have that 

centralized documentation handling tools here in Sweden and everybody can reach 

it. And of course it will be a main problem if the communication for example is 

broken to China. There could be ways to secure this problem, by maybe having a 

plan B or something to deal with communication breakage. This communication 

breakage can affect the schedule and quality of what you are working. So if we have 

backup tools, or if we can route communication through other communication 

servers, that could help. So we need to see how we can have successful distributed 

system.  
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12 APPENDIX C – EXTENDED GSE PRACTICES FOR 

TICKIT – A LITERATURE REVIEW. 
 

 

SECTION A – LIFE CYCLE PROCESSES 

12.1 Quality Assurance 
 

According to [29], Quality Assurance (QA) is defined as, “evaluating overall 

project performance on a regular basis to provide confidence that the project will 

satisfy the relevant quality standards.” According to the TickIT guide [15], ISO 

9001:2001 defines QA as, “Part of quality management focused on fulfilling quality 

requirements.” IEEE‟s definition of QA is, “A planned and systematic pattern of all 

actions necessary to provide adequate confidence that the item or product conforms to 

established technical requirements [30].” 

Looking at these definitions collectively and by combining them, we can describe 

the effective core aspects of QA. These core aspects would involve “evaluating an 

item, project or product‟s overall performance on a regular basis to provide 

confidence that it is satisfying the relevant quality standards and conforming to the 

user and technical requirements.” 

 

12.1.1 Problem in a GSE context 
 

Usually in collocated environments, it is easier to recover from failures. There are 

often informal preventive actions that can make up for deficiencies in a process [28], 

for example it is easier for people to discover and solve problems through face-to-face 

meetings, close collaboration and discussions with their team members etc. In global 

organizations this is not the case. Often, people do not even know who they are 

collaborating with on the other side. It is really hard to assure the quality of a system 

that has been developed by people that you do not know as you have no influence on 

their development process [28]. The testers are usually not collocated with the 

developers and learning all the specific system details for testing the product is not 

easy. The underlying challenges of GSE like cultural difference, time-zone difference, 

communication and collaboration are the main root causes for these adverse effects. 

These root causes are the reason why it is harder to recover from problems in a 

distributed project rather than in a collocated one. 

 

12.1.2 Recommended Solutions in the GSE context  
 

QA practices are very important for the success of a global software project. 

Recommended QA strategies are given in combination with verification and 

validation, in the recommended solutions in Chapters 12.2.2 and 12.3.2. As discussed 

earlier, it is usually harder to recover from problems in the global environment. 

Therefore, the best practice is to prevent these problems from occurring in the first 

place, instead of trying to remove them later. QA in a global environment can be 

divided into two parts: 

 Process Quality – The nature of GSE projects is such that every new 

project comes with its own set of specific issues. Moreover, the GSE field 

is a relatively young one and many new practices in the area of QA are 

still being adapted for this field. Therefore it is really hard to define a 



  80 

specific set of practices that are good for QA in every project. Problems 

are often not discovered until very late in the project and it is usually 

difficult to recover from these in GSE. There needs to be ways in which 

we can prevent these problems from happening in the first place, or at 

least discover them early. A set of warning measures has been described in 

[28] that act as indicators that a process needs adjusting: 

o Increased communication – Usually when there is a problem and 

people get stuck on something they start trying to find someone to 

help them. Thus if a company can track these, it can try and 

investigate the reason behind the rise in communication. However 

note that this increase in communication may not always be 

because of a problem. There might be other reasons like the 

projects are about to be released or the departments are integrating 

the solution etc. 

o Morale of developers – Developers usually know if something is 

wrong a long time before the management finds out. For example, 

if deadlines are going to be missed, developers tend to get 

frustrated or they feel left idle. All these can be signs of poor 

planning and need to be investigated. 

o Frequent changes in the requirements or design – Early in the 

project, this is expected, but if it happens at later stages, it is 

usually a sign that there is something wrong with the planning 

process. 

The processes need to be improved continuously and the teams need to 

keep an eye out, for anything out of the ordinary to detect problems as 

early as possible. 

 

 Product Quality – To determine the quality of a product we need to see if 

there are any discrepancies in the product. The product should conform to 

the user and technical requirements and should also adhere to the quality 

standards. According to [28], product quality can be assured by catching 

three types of issues; syntactical issues, semantic issues and 

miscommunicated features. These defects as described by [28] are given as 

follows:  

o Code error – This is syntactical in nature (e.g. development 

language error). It is easily identified and removed in both 

collocated and distributed environments, often by the compiler 

itself. 

o Incorrect feature – This is a semantic error and is hard to discover 

and recover from, in a distributed environment. You need to be 

very thorough and the QA plans need to be very extensive to 

discover these. Their removal needs a lot of collaboration between 

the distributed teams. 

o Missing feature / Misunderstood feature – These are all issues that 

involve miscommunication. These are common in the global 

environment and the organizations need to have QA procedures in 

place to resolve them. In the global environment, there is a huge 

need for collaboration and communication (especially face-to-face 

meetings if the budget and schedule allows) to resolve these 

problems. 

 

There are a few good practices available for QA. They are described in Chapters 

12.2.2 and 12.3.2 under “Recommended Solutions in the GSE context” in the 

“Verification” and “Validation” headings. 
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12.2 Verification 
 

According to Rakitin‟s definition [31], verification is the “process of evaluating a 

system or component to determine whether the products of a given development phase 

satisfies conditions imposed at the start of that phase.” The verification activities are 

carried out throughout the lifecycle of the project and they help assure the quality of 

the product. 

 

12.2.1 Problem in a GSE context 
 

Just like the topics discussed in the previous sections, verification also has its 

issues in the distributed software development. Verification is a part of Quality 

Management (QM) and most of the aspects discussed in QA also apply here. So in 

short, verification also requires a lot of collaboration and communication which can be 

difficult in a distributed project. Moreover, the distance between teams gives rise to the 

problem of unawareness. Testers for example not collocated with developers have 

difficulty gathering the required information to test the system because they are 

unaware of the roles and responsibilities of the people at other sites. 

 

12.2.2 Recommended Solutions in the GSE context  
 

Sangwan et al [28], provides a list of good practices for verification in the global 

environment. These are given as follows: 

 Automated Code Inspections – According to [28], remote teams can do 

these inspections together with the local teams. They can even do pair 

programming but it is good to define a specific coding standard across all 

the sites so that it is easier to understand the project code [28] and people 

are not so co-dependent on each other and they do not have to spend a lot 

of time trying to understand what the other team has done. 

 Prototyping – This can be a good way to make the remote teams aware of 

what is needed from the system. Sangwan et al [28], recommend that a 

vertical slice of the architecture should be prototyped first to facilitate 

earlier testing of the system level features and to verify that the remote 

teams understand the design feature at an early stage. 

 Regular Requirement Reviews - Sangwan et al [28] suggests regular 

reviews by domain experts. These are good because of the short iteration 

span they have. It is easier in a distributed environment to evaluate 

something as it is built. This may help develop trust between the teams at 

different sites and make collaboration and communication easier between 

them. 

 Modelling – Another technique suggested by [28] is UML modelling. We 

think that these representations can be used as ways to establish 

understand ability between the distributed teams. Moreover, this ease of 

understanding the designs would mean that the coupling between the 

teams would be reduced and the need for communicating and 

collaborating would be reduced. Thus alleviating a few of the GSE 

challenges. 
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12.3 Validation 
 

According to [32], validation is the “process of evaluating a system or component 

during or at the end of the development process to determine whether it satisfies 

specified requirements.” Validation checks if the finished system conforms to the 

requirements that were given by the important stakeholders. 

 

12.3.1 Problem in a GSE context 
 

Like verification, validation is also a part of QM. And therefore it also runs across 

the same problems that verification does in the distributed environment. To learn more 

of these problems, see Chapter 12.2.1. 

 

12.3.2 Recommended Solutions in the GSE context  
 

There are a number of good practices related to validation in a global environment. 

The following is a list of the ones we discovered in the literature: 

 Acceptance testing – This can be quite helpful in addressing the quality 

needs, however it can put a little burden on the central team [28]. 

 Extended workbench – This is similar to the supplier model in TickIT 

guide. In it the components are developed remotely and brought together 

at a central site for integration and testing [28]. Some of the best practices 

given by [28] include: 

o The central team makes the test cases from the requirements 

o The remote team creates automated test cases 

o The central team execute integration tests at the end of the 

iteration. The importance of these continuous builds in a global 

environment has also been given by [33] 

 Collocating peer reviews – Ebert et al. [33] suggests that in a distributed 

environment, teams should be built on the basis of functionality of the 

project, instead of functions in the organization. For example, if a project 

has two modules A and B, the testers, developers and other engineers 

working on A should be located on one site and all the testers, developers 

and other engineers working on B should be located at the other site. What 

usually happens however is, that the testers are at one site, the developers 

at the other and the teams are separated based on their respective functions 

in the organization. 
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12.4 Knowledge Management 
 

Wongthongtham et al. [81] define Knowledge Management in the global context 

as “capturing domain knowledge, organising sub domain knowledge, and storing and 

extending instance knowledge of individual members and teams within a multi-site 

project, and making the knowledge available to others in the project.” Knowledge is a 

very important asset in any organization. In globally distributed organizations, it 

becomes even more important because it helps disparate teams in accessing 

information and understanding aspects of various projects or products that would be 

hard to explain otherwise. 

 

12.4.1 Problem in a GSE context 
 

Knowledge Management is an area that becomes very complex in the global 

environment as the amount of knowledge being created is usually quite large. Sarkar et 

al. [86] state that knowledge sharing and management is one of the key factors that 

affect the success of a global project. Managing knowledge and making it accessible 

when needed, helps global teams in understanding various problems and needs of other 

teams, which would otherwise be very hard to communicate. In the global 

environment, knowledge is being created at almost every site. The team members of 

these sites use this knowledge to communicate problems and other details of projects. 

Now if this knowledge is not available to all the sites, there will be a communication 

gap and information might become ambiguous for some team members. In a 

collocated organization, there was a need to make organizational knowledge 

consistent. This problem is compounded in global organizations as there are many 

organizations working on the same project. The knowledge of these organizations is as 

disparate as their locations. Other issues like discrepancies in networks, incompatible 

data formats and different versions of tools [28] also cause problems in knowledge 

management. Knowledge in global sites needs a lot of communication to transfer e.g. 

in a given project, the client talks to the RE team at Site1. This RE team then talks to 

the designers at Site2 who then communicate the design to the development team at 

Site3. The communication at all these sites is being done through tools and 

technologies, as the sites are globally separated by borders. The chances of introducing 

misinterpretations and misunderstanding into the knowledge are very high and they are 

compounded by factors such as language differences, culture difference etc between 

the sites. Moreover, the aspect of failing to share information by some team member is 

increased as well. 

There is a huge need for reducing these problems and many of the practices 

described in the following section help in this regard. 

 

12.4.2 Recommended Solutions in the GSE context  
 

The following solutions have been listed in various literatures to reduce the 

problems of knowledge management in globally situated organizations: 

 Enforcing Centralized infrastructure for knowledge management – 

Usually in the distributed setting, every remote site sets up its own local 

infrastructure. This can lead to problems as listed in the previous section. 

In order to overcome these problems, the central site should not only 

establish a centralized knowledge management infrastructure, but it should 

also establish processes and guidelines for using the infrastructure and 

enforce them [28]. This centralized infrastructure provides ease of 

accessibility for those who need to use it, at anytime or from anywhere. 
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 Cultural Sensitivity – Desouza et al. [83] suggest that unifying knowledge 

from different global cultures may not be a good approach and instead it is 

better to gradually integrate them into one system. There are differences in 

work practices at global sites and people need to understand and respect 

these if they want to be able to integrate knowledge into one system. 

 Incentives – Employees at different sites can be given incentives for 

sharing knowledge [83]. 

 Weekly meetings – Weekly progress meetings should be held and 

commonly defined artefacts should be monitored [84] so that everyone is 

aware of the changes and updates on these artefacts. 

 Minimal artefacts – The repository of artefacts should at least include a 

repository for RE issues, ongoing artefacts, processes, terminologies and 

work information [85]. Distribution and maintenance of these documents 

is a requirement and they should be managed. Moreover access of these 

repositories should only be given to authorized team members. Effective 

change management and versioning should be applicable on them as well. 

 Tool support – There are various good tools for knowledge management 

and sharing like wikis [28], CollabDev [86] etc. However, it is out of the 

scope of this thesis to go into the details of all these tools. Further research 

is needed to evaluate their effectiveness. 
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12.5 Documentation 
 

Documentation in TickIT encompasses the identification of documents that need 

to be created, creating them, validating them and finally maintaining them. In this 

section, we will be describing how documentation can be helpful in a global setting.  

Global organizations working on a project need to focus on documentation as it is 

important in communicating project needs across the whole organization. The next 

sections describe how documentation can be different in the global environment. 

 

12.5.1 Problem in a GSE context 
 

Documentation in the global environment is a way to communicate project‟s 

specific information across globally disparate teams. Agerfalk et al. [76] say that 

distributed teams have an increased focus on documentation so that they can improve 

the communication between their teams. Moreover, globally distributed projects make 

face-to face communication very hard and it is normally seen that documented 

communication is used more often.  

In collocated projects, even if the documentation may not be good, the team 

members can collaborate and exchange information through informal communication 

channels. However, it becomes extremely important for disparate teams that do not 

have these informal communication channels at their disposal, to maintain good 

documentation that is easy to understand. It is a well known phenomenon that 

developers do not like documentation, but in global environments the value of 

documentation is very important as it can clarify ambiguities and reduce wrong 

assumptions [77]. Interpreting documentation differently, may cause incompatibilities 

in development and failures in projects. 

 

12.5.2 Recommended Solutions in the GSE context  
 

Now that we know the importance of documentation in a global environment, let 

us see a few practices that are said to be good for documenting in a global setting: 

 UML diagrams – Using UML diagrams to document design usually makes 

the specification easier to understand. This reduces ambiguity. People 

from disparate teams are able to determine the needs of the project, and as 

a result, work consistently. According to Huang et al. [78], the 

interoperability of UML modelling tools can be very effective in a global 

software development environment. 

 Sharing templates – Ahmad et al. [80] suggest that having multiple 

standards and documentation templates in the organizational teams can 

lead to a lot of rework. This holds for globally distributed teams as well. 

We suggest that a standardized template should be used or the templates 

should be shared globally so that confusions and misunderstandings can be 

reduced. 

 Early Technical Reviews – Lopez et al. [79] describes a process in which 

he suggests that once the requirement documentation is ready, it should be 

sent over to the remotely located development team. This remote team 

analyses the documentation, understands it, changes it according to their 

understanding and sends it back for validation. Once the local team that 

created the original documentation approves it, a final version is defined. 

This helps in communicating the requirements effectively across teams 

that are in globally separated locations. 
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 Traceability between various documents – It is of vital importance that 

documents are being versioned and shared across all sites. Traceability 

between all versions of the documents should be maintained centrally so 

that every site can access the documentation whenever they need [28]. 
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12.6 Configuration Management 
 

The TickIT guide states that the purpose of Software Configuration Management 

(SCM) is to maintain the integrity and traceability of configuration items throughout 

the system lifecycle, and to make them available to whoever requires it [15]. It further 

states that Configuration Management is both a managerial and technical process and 

is essential for consistent quality control of software entities [15]. In [89], it is stated 

that SCM includes indentifying the configuration of the software (i.e. selected software 

work milestones and their descriptions) at a specific time set. It also includes 

systematic controlling of changes to the configuration while maintaining integrity and 

traceability of the configuration [89]. SCM also needs to have thorough planning and 

implementation from the very start of the development process and should be applied 

at all the stages of the software development lifecycle [15].  

Software Configuration Management is a crucial activity for supporting software 

development lifecycle processes. In global setting, it becomes even more critical to 

carry out configuration management due to overcoming the distributed development 

barriers like physical distance, cultural differences, trust, communication and other 

factors. These barriers put a strain on cross-site collaboration. There are quite a few 

researches which analyze Software Configuration Management in a global software 

development environment and identify main challenges in it.  In this section we are 

going to state some of these researches and the good practices regarding Configuration 

Management in a global context. 

 

12.6.1 Problem in a GSE context 
 

With the growing popularity of globalization amongst various software 

organizations, a lot of challenges arose for the distributed software teams. These 

challenges include misunderstandings and trust issues due to cultural and language 

differences, delays due to time-zone differences, and lack in knowledge management 

due to inefficient communication technologies. In global context, Software 

Configuration Management is also influenced by team distribution [89].  It is 

necessary to have a new Configuration Management process when working with 

global software development [90]. There are four types of activities associated with 

SCM as mentioned in [91]: software configuration identification, which points out all 

the software components, systems, subsystems, and baselines with unique 

nomenclature; software configuration control, which forms and enforces procedures 

for the sequential creation of and subsequent changes to the baselines; software 

configuration status accounting, which maintains records of all SCM activities to 

assist recreation and orchestration of all baselines and changes; and software 

configuration auditing, which checks that each to-be-established baseline has the  

appropriate  technical  relationship to existing baselines. 

Problems with Configuration Management are stated from time to time in 

literature. Some of the problems faced in globally distributed companies and described 

in literature are as follows: 

 Failure in creating an overview of the software in development (i.e. 

construction and organization, identification and description of its modules, 

dependency definitions and project status in a time-line) [87] – Many 

organizations fail to create a shared knowledge base of their software projects, 

that is structured, stable, complete, updated and accessible by anyone in a 

distributed environment. This results in inconsistency and confusion amongst 

the globally distributed teams. 

 Failure to provide an effective change control system [87] – As we all know 

that software can easily be changed and this can have severe ramifications. 
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Often it is seen that in large teams which are globally distributed, change often 

goes unnoticed, unaccounted for and insufficiently documented.  

 Failure to support the assembling of the software design and code [87] – 

When software is developed in a modularised fashion by distributed 

contributors, it is seen that these modules are not related to each other and thus 

organizations face difficulty in assembling them together. Thus integration 

issues occur and incompatibility in different modules induces time delays due 

to rework in fixing them. 

 Failure to follow consistent standards and practices – It is often seen in 

distributed organizations that one collaborating side follows defined standards 

and processes (like code standards, code commenting styles, documentation 

templates, proper SCM tools etc.) while other use ad hoc practices and have no 

set of defined processes. Also, each distributed site tends to be running its own 

SCM environment with no interface between the sites. Synchronizing both of 

these environments is a difficult task and often results in the failure of projects. 

 Failure in breaking down work and distributing it – Often breaking down 

work into different tasks and modules contains interdependencies between 

them. Improper distribution of these tasks amongst multiple distributed sites 

can result in failure due to difficulty in communication and version control. 

 

12.6.2 Recommended Solutions in the GSE context  
 

There are a number of good practices that makes Software Configuration 

Management successful in a global environment. They are as follows: 

 Work Breakdown with minimal dependencies – Breakdown work and divide in 

such a way that it minimizes dependencies between geographically distributed 

teams [89]. 

 Tool support – SCM tools are to be used which are good in creating a shared 

knowledge space or joint repository. These SCM tools should have capability 

to find out who made what changes and when, undo any changes made, 

maintain version control and reconstruct any past version [88]. In addition to 

these, there must be some set of procedures for reporting problems with the 

software product, and recommending changes or enhancements to the products 

[88]. It should have a proper change management system, assuring that all 

parties with an interest in change are consulted prior to the decision being 

made to incorporate it, and ensure that all the affected parties are informed of 

the schedules associated with each change to the product [88].  In the coding 

and debugging phases as well as the testing, quality assurance and 

maintenance phases, it should support proper control of bug reports, change 

requests and design changes [87]. It should ascertain that intended code 

changes are actually reflected in the executable programs [87]. It should also 

determine the differences between two revisions of a module, to revert to a 

prior revision of a module and to determine when a particular bug was 

incorporated into the system [87]. A list of Software Configuration 

Management tools can be found in [92]. 

 Assembling code and design modules into libraries – Code and design 

assembling and integration issues can be resolved by placing them in a library 

(like in coding, .dll files are generated which is kind of a code functionality 

library). Other developers can easily refer to them in their code. SCM tools 

supporting the integration of referenced modules from the library into final 

program can be used.     

 Single SCM environment instance – Distributed development projects should 

work with only one instance of the SCM environments and should try to make 
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standards and practices consistent [89]. There should only be one centralized 

SCM environment available to anyone and at any place and time. 

 Clarifying SCM concept before development – Establish and clarify all main 

concepts on SCM discipline before actually starting the development [89].  

Changing rules and activities in SCM during development can result in 

confusion and inconsistencies amongst different parts of the software system. 

 Configuration Management Coordinator role – Even with one centralized 

SCM environment, the team should define one Configuration Management 

Coordinator personnel, and all the developers should concentrate their efforts 

in synchronizing their work with him [89].  This person acts as a single focal 

point of collaboration for all the sources, baselines and documents. Most of the 

Software Configuration tools also perform this activity, in which case the live 

person can be replaced.  
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12.7 Problem Resolution 
 

There should be a mechanism in organizations for identifying problems, managing 

them and finally removing or diminishing their consequences. TickIT [15] defines 

problem resolution tasks as identification, analysis and resolution of problems, 

customer complaint handling and follow-up action. These basic tasks are similar for a 

globally distributed setting, but there are a few additional problems that can be 

encountered. These are described in the next section. 

 

12.7.1 Problem in a GSE context 
 

The information about the problems is usually maintained at each individual site, 

and information sharing is generally needed in the global environment. Otherwise, if 

two sites are working on concurrent problems, there might be a gap in communication 

and the sites would not be able to fully understand each other because of the lack of 

information. Gao et al. [93] also encountered this as a problem in many global 

software production processes.  

Another problem that is encountered is the lack of good communication between 

the sites. If asynchronous communication is done (e.g. emails) at different sites or 

there is a time-zone difference between the sites, problems cannot be handled jointly. 

This often leads to one site trying to solve the problem without effective 

communication with the other, and this in turn leads to more problems. Šmite et al. 

[55] report that the lack of timely feedback causes delays in problem resolution and it 

might cause frustration at the other sites as well. 

Van Fenema [94] says that remote projects have a limited capacity for problem 

resolution when compared to collocated projects. The reason behind this is the access 

to face-to-face communication and informal collaboration. Remote sites do not have 

the luxury of these and often communication barriers make it harder to resolve 

problems. 

 

12.7.2 Recommended Solutions in the GSE context  
 

The following practices tend to improve problem solving in a globally distributed 

environment. 

 Globally centralized problem repository – According to [93], such a 

repository allows global sites to share their problems in a centralized 

manner so that everyone is aware of the problems in the global project. 

 Use of tools – The use of tools to manage these problems is also a good 

practice and tools like PIMS [93] are very effective in managing problems. 

 Trust – The build-up of trust helps teams to communicate openly and 

identify problems in a more effective manner. Moreover, trust also helps 

in resolving the problems because it allows for better coordination 

between the sites, and managers can communicate and implement problem 

resolution strategies more effectively. 

 Define strategies – Sandusky et al. [95] describe the „Normative Software 

Problem Management Process‟, which involves four phases; „Problem 

identification and reporting‟, „bug report triage‟, „expert analysis, fixing, 

testing and deployment‟ and „bug report verification and closure‟. The 

description of this model is out of the scope of the thesis and details of this 

process are given in [95]. 
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12.8 Development 
 

The development process for TickIT covers the following [15]: 

 Requirements,  

 Design,  

 Code, testing, installation and acceptance support  

 

 The selection of the life cycle process is not covered under this heading. This 

section will describe how most of these processes vary in a globally distributed 

environment and what good practices can be adopted for each of these processes. 

 

12.8.1 Problem of Requirement Engineering in a GSE context 
 

The problems in most of the processes in the development phase are usually the 

same in both collocated and distributed GSE projects. However, their impact is not the 

same. Usually in most projects the processes of design, coding and testing etc, build on 

requirement engineering (RE) and as these processes are more complex in distributed 

projects, RE needs to be adapted so as to incorporate these processes [28]. 

 Change Management – In a distributed project it can be very difficult to 

know about the activities of the teams at different sites, and without clear 

traceability, it can be hard to determine which team will be affected by a 

requirement change [28]. 

 Review Meetings – As teams are located at different places, it is not 

always easy to manage review meetings, and they are not that effective 

[28]. 

 

12.8.2 Recommended Solutions of Requirement Engineering in the 

GSE context  
 

The previous section discussed a few problems that could have a bigger impact in 

the globally distributed environment. We will discuss a few practices here to help 

alleviate or reduce these problems: 

 UML models – One approach to maintaining traceability is by creating 

models for requirements in UML, as suggested by [28]. There are many 

legitimate arguments for and against UML modelling, but [28] have 

found it effective because of its tool support, its structure and flexibility.  

 Elicitation meeting – Have team-leads from remote teams meet for 

elicitation because in this way the transfer of knowledge can be done 

more readily [28]. 

 Periodic Reviews – It is easier to understand the requirements when 

periodic reviews are done with most of the stakeholders present. Various 

tool supports can be used to connect with people sitting in remote teams. 

 Tool support – It is really difficult to manage requirement without the 

support of tools. However, it is out of the scope of this thesis to describe 

the various tool infrastructures. 

 

12.8.3 Problem of Design in a GSE context 
 

The problems in design are very similar to those in requirements. 

 Meetings – As discussed earlier, the distributed environment makes it 

harder to collaborate and understand the designs of a project. 
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 Change Management – Like requirements, changes in design also need to 

be tracked and we need to be able to see, which teams are affected by 

these changes so that proper management can be performed. 

 

12.8.4 Recommended Solutions of Design in the GSE context  
 

The solutions discussed for design are also similar in certain respects: 

 Tool support – This is considered very important at this stage and wiki is 

stated as especially effective by [28], for collaboration of design with the 

remote sites. 

 Meetings – It is often a good practice to involve all the teams in the design 

phase, even if they are not directly responsible for the design phase. It 

ensures that knowledge is transferred smoothly and everyone understands 

the design of the system. 

 UML model – The UML models discussed in 12.8.2 are design models 

that are based on requirements. UML modelling is easier to understand 

than text and it can be used for the test and project plans [28]. 

 

12.8.5 Problem and Solutions of Coding, Testing, Installation & 

Support in GSE context 
 

The problems in coding, testing, installation and support are very similar to that of 

a normal single-site team. The additional problems are those inherited from 

communication and coordination issues in a distributed environment. 

Similarly, solutions given to improve communication and coordination (discussed 

in Chapter 12.14.2) can be applied here as well to improve the inherited 

communication problems. 
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12.9 Maintenance 
 

TickIT guide states that the purpose of Maintenance is “to enable a software 

system to continue to meet user‟s business needs by correction of faults, improvement, 

enhancement and/or migration to new environments, while preserving the integrity of 

organizational operations; to retire software at the end of its useful life” [15].  

In this era of globalization, more and more companies are outsourcing their IT 

operations to specialist IT service providers. Companies are relying on software 

systems to run their businesses. These software systems require customization, 

maintenance, and updates on a regular basis [99]. Software systems moving into 

maintenance phase often bring about much expenditure for the businesses. It is well 

known that software maintenance takes up well over 50% of the IT budget in 

companies [100]. Quite often to save cost, these software systems are made potential 

candidates for outsourcing. 

 

12.9.1 Problem in a GSE context 
 

Banker et al [101] highlights the fact that a very high percentage of outsourced 

work pertain to software maintenance. The problem that is faced is that, most often, 

adequate information regarding size, complexity, reliability, maintainability etc. of 

these software systems is missing [99]. The consequence for this is that, estimating the 

required maintenance effort becomes a difficult task for both the outsourcing 

organization and the software services vendor bidding to undertake the maintenance 

job. In addition to this, inclusion of human and organizational factors (such as 

organization culture, customer attitude, engineer‟s attitude, need of multi-location 

support team, time-zone difference, etc) makes the situation more complex [99]. 

Unfamiliar working environment of both side also result in misunderstandings 

regarding work tasks, and as a result, failure to the contractual agreement. Although 

significant research has been done in the area of effort estimation, predicting effort for 

software maintenance projects remains a challenging task [99]. Collecting data needed 

for maintenance effort estimation is a tedious and time consuming task. Dependence 

on human interpretation which are prone to errors due to technical, social and political 

reasons, adds more complexity to this task [99].  

 

12.9.2 Recommended Solutions in the GSE context  
 

Sneed [102] has provided some recommended practices to handle the problems in 

outsourcing of software maintenance phase: 

Negotiating a service level agreement – Sneed in [102] has suggested that in 

offering the maintenance service, the outsourcing contractor must have capable 

lawyers who are familiar with the work laws of the country where the service is being 

provided. He further suggests that there should be specifications of the release 

intervals, the testing requirements, reaction time for error reports and the release 

acceptance criteria. Also there should be presence of a help desk for support at the 

remote maintenance site, accessible at anytime of the day. These criteria are to be 

approved by persons familiar with law and software maintenance processes. In 

addition to this, Sneed [102] suggested that a fixed monthly maintenance fee be 

defined by the service provider organization, to cover error corrections and routine 

changes. Every major change, enhancements, re-engineering, refactoring or migrations 

requests should be priced. As a result, the outsourcing organization should 

communicate these cost estimations to the actual customer, who can either accept or 



  94 

reject. Thus this ensures a cost effective maintenance operation because expected cost 

has been specified and defined, and agreement can be based upon it. 

Establishing a maintenance infrastructure – Sneed in [102] suggests that the 

service provider needs to invest in a maintenance infrastructure, with high speed 

internet connections to the user organization. This is important for maintaining 

constant contact with the customer organization. In addition to this, representatives of 

the service provider organization (acting as a liaison to the user) should be present on 

site at the customer organization. Furthermore, the help desk at remote maintenance 

site should be staffed with personnel who have knowhow of the native language of the 

customer site. In addition to this, the service provider organization will need different 

technical specialists like maintenance programmers, system architects, system testers 

and administrators for change and error management, configuration management and 

quality management. These will add up to the initial investment to be put in the 

maintenance effort.  

Finding and setting up a suitable maintenance process – Sneed [102] suggests that 

the service provider organization need to find the best process suitable to their culture 

and their work environment. Sneed suggests that there should be a central point where 

all error reports and change requests are received. From there, the error reports are 

classified and dispersed in accordance with the Service Level Agreement. Support and 

testing personnel should be present at all time, ready to deal with any problems that 

come up. Critical or routine change requests are to be distinguished at the same central 

point of control. Critical change requests is to be handled like error reports and 

processed immediately. Routine change requests may be collected to go into the next 

release along with the scheduled functional requirements. The content of each release 

should be negotiated with the customer. In addition to all this, the maintenance 

personnel have to follow strict procedures for correcting errors and making changes, 

and do only what is required and necessary to complete the task. They should refrain 

from being creative and adding something which is not required. Error correction task 

must consist of reconstructing the problem, locating the cause, conceiving suitable 

correction, implementing the correction and then testing the impact on all the 

components affected by the correction. In case of changes, the maintenance team 

should analyze the change impact to provide sound cost estimation. If this cost 

estimation is accepted, then maintenance team needs to write detailed change 

specification, implement the change, re-document the altered parts, and retest all the 

impacted components. In general, the maintenance process consists of problem 

management, change management, configuration management, and quality 

management.  

Automating the maintenance process – Sneed [102] suggest that in order to reduce 

costs, maintenance companies need to automate their maintenance tasks, as much as 

possible.  Most of the activities can be automated like impact analysis, maintenance 

cost estimation, regression testing, and configuration management. A centralized 

repository helps in performing impact analysis and to answer queries about system 

dependencies. Automated regression test system is required to generate and validate 

data for efficient maintenance operation. In addition to these basic tools, automated 

code auditors can check and measure the code, a metric database can store and 

evaluate system metrics (especially the changes to the code size, complexity and 

quality), a cost estimation tool can automatically calculate the proposed maintenance 

task costs, and a refactoring tool can improve the quality of the code modules. These 

tools can contribute a lot to the quality of the maintenance service and at the same time 

reduce cost.  

 



  95 

12.10 Management 
 

Management covers various aspects in an organization, like organizational 

management, project management, quality management, configuration management, 

risk management and knowledge management. All of these topics except risk 

management have been covered under various headings in this chapter. Therefore, we 

will only be discussing risk management here. 

 

12.10.1 Problem in a GSE context 
 

Management of risk is a major concern in any project, but there are certain 

concerns that are specific to the distributed environment. As already discussed earlier, 

there are certain areas in GSE that cause a lot of problems like coordination and 

communication. Research [28] has shown that tasks executed across multi-sites take 

about 2.5 times more time than tasks in a single-site. This is usually attributed to the 

coordination and communication difficulties. 

 

12.10.2 Recommended Solutions in the GSE context  
 

To manage risk, organizations must first be able to identify them, monitor them 

and mitigate them. The solutions of these three areas are given separately below: 

 

Risk Identification: 

 Diagnostic methods – Risk diagnostic methods like Software Risk 

Evaluation (SRE) and ATAM are valid for distributed projects but they do 

not pay much attention to coordination issues [28]. According to [28], risk 

profiles, which identify the capabilities of an organization and its 

coordination needs, can be a very efficient diagnostic method to identify 

risks. 

 

Risk Mitigation: 

 Increase organizational capabilities – If the capabilities of the 

organization are not enough to meet the coordination needs, the 

capabilities need to be improved. A few improvements are suggested by 

[28]: unify tool infrastructure, tighter coupling of management practices, 

more frequent builds, more frequent status meetings and cross team 

reviews. 

 Contingency planning – Planning should be done to minimize the negative 

effect of distributing a project [28]. 

 

Risk Monitoring: 

 Frequent status meeting – Each member of the multi-site team must report 

status and issues [28].  
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12.11 Infrastructure 
 

Planning for the right type of tools and infrastructure support in distributed 

projects is a significant success factor [28]. There needs to be mechanism to assist the 

multi-site teams to collaborate and communicate easily with each other. Moreover, 

documents and artefacts need to be accessible to all those who need them. 

 

12.11.1 Problem in a GSE context 
 

Conventional tools may not fulfil the necessary needs of a distributed environment 

with multi-site teams. These teams require infrastructure support that addresses 

accessibility, collaboration/concurrency, awareness of GSE challenges and integration 

[28]. If organizations do not keep these factors in mind and use conventional tools for 

distributive projects, the migration of artefacts and the challenges faced by the teams 

will be very disruptive for the projects [28]. 

 

12.11.2 Recommended Solutions in the GSE context  
 

The three basic areas of effective infrastructure management in GSE are; 

knowledge management, software configuration management and communication 

/collaboration. The solutions relating to these three have been discussed in Chapters 

12.4.2, 12.6.2 and 12.14.2 respectively. The infrastructure and tools that organizations 

select should be based on the solutions provided by these three areas. 
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12.12 Human Resource Management 
 

According to TickIT guide, the purpose of Human Resource Management (HRM) 

is to provide the organization and projects with adequate human resources and 

maintaining their competences consistent with business needs [15]. For software 

development organizations to be successful, they need access to knowledgeable and 

well-trained personnel. Planning for the career development, and training and 

recruitment of personnel is a key activity within any organization [15]. The HRM 

process involves collecting records of personnel experiences, competences, 

establishing training requirements, developing training materials and implementing 

training plans [15].  

As organizations strive towards globalization, they face challenges of increasing 

market openness and accessibility, technological advances, cross-border exchanges 

and interaction, common cultural convergence, irregular and rivalled socio-political 

environments, and extreme competition. In global context, while some nations are 

facing difficult and troublesome workforce related challenges, other nations are 

benefitting from globalization and outsourcing ventures. Western companies are now 

drawn towards the low cost and talented labour force of countries like Pakistan and 

India. These countries, while providing cheap talented workforce are also going 

through experiences in technological advancements as well as competitive high-tech 

research and development with the increasing support of foreign direct investment 

arrangements.  

In this increasing global marketplace, it is critical for an organization to obtain the 

ability to plan for, attract, develop, and retain capable and committed employees, 

whether they are at home or abroad [96]. Challenges of managing human resources 

effectively, to achieve organizational strategic objectives, only increases in scope and 

complexity with the introduction of multiple cultures, differing national practices and 

regulations, and physical distances involved with global commerce [96].  

 

12.12.1 Problem in a GSE context 
 

Top multinational companies (MNCs) strive to maintain their status quo in this era 

of globalization. Some of the factors which influence global Human Resource 

Management as mentioned in [96] and other research literature are as follows: 

 Economy – Economy of a region greatly influences business activity and in 

turn affects workforce decisions [96].  For example, when a country‟s 

economy starts to diminish, company growth plans may be put on hold, a 

hiring freeze instituted, employee downsizing occurs, temporary employees 

are given preference, and companies start seeking cheap labour from lower 

economy regions which would give them greater benefit.  Differing currency 

exchange rates across the financial markets of the global economy can also 

affect human resource arrangements to a significant degree [96], and as a 

result influence the decision to select the region for hiring their workforce.  

 Social Preferences: This factor is made up of the broad set of beliefs, values, 

norms, customs, attitudes, and expectations held by groups, communities, and 

societies [96]. Culture, which represents a major consideration of social 

preferences, has a significant influence on international business and global 

workforce management (more on cultural differences in Chapter 12.13). 

According to [97], culture plays an important role on how individuals interpret 

and react to managerial practices and motivational techniques. In [97], it is 

discussed how culture affects leadership, employee participation, motivation, 

decision making, teamwork, negotiating styles, conflict resolution and conflict 

avoidance. Social preferences are also greatly influenced by today‟s 
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communication technologies, such as internet, which increase widespread 

awareness of new issues, opportunities, and social models, rapidly changing 

traditional norms and expectations [96]. Social preferences also may be 

influenced by other factors such as government legislation, and court rulings 

against workplace discrimination [96]. Global companies need to be familiar 

with these social preferences in order to manage global employees in their 

respective workplace or regions. 

 Competition: Global competition to boost market share and profitability by 

increasing the number of satisfied customers at lower costs is a primary driver 

of globalization [96]. Risk of bankruptcy often arises from this competition. 

Multinational organizations of various countries are going through competition 

with each other for a scarce and valuable human resource in much the same 

way they competed for gold or oil previously [96]. With wider accessibility to 

low cost labour market, organizations are encouraged to move their operations 

to low economy area, which affects workforce relations and employment in 

both home country and host country environments. Advanced information and 

communication technology have enabled companies to gain efficiencies by 

consolidating and moving through offshore outsourcing [96]. Quality human 

resource and wider expertise and skilled labour signify competitive advantage 

for a company. Companies need to attract and retain quality human resources 

through their human resource management system. 

 Demographics: Demographics or general labour characteristics such as age, 

gender, ethnicity and skill base can influence the nature of challenges and 

practices of human resource management [96]. For example, in many 

industrialized countries, an aging labour force must be replaced to meet work 

demands, which causes many governments to loosen immigration restrictions 

and allow more people of different cultures and ethnicities into their labour 

force, thus introducing new diversity challenges into the workplace [96]. 

Labour skill base is also an important demographic issue. Although low labour 

cost is an attraction factor, it cannot compensate for a labour force which lacks 

in the basic skills required. Lack in skill base may cause significant training 

costs and more time to get operations up to an acceptable level, which 

organizations surely do not want.  

 Innovation: Innovations that improve organizational performance often 

contribute to major changes worldwide that affect workforce management 

[96]. Two particular forms of innovation mentioned in [96] are the 

management practice and technological innovation.  Management practice 

innovation comes from the need for organizations or managers to use different 

means for regularly scanning their external environments for sources of 

potentially useful innovation and proven best practices of other companies 

[96]. These practices, if appropriate, can be adopted and spread company-wide 

through effective internal knowledge management processes [96]. With the 

adoption of this innovation, effective workforce learning and adjustments to 

change are needed to overcome natural resistance [96]. Technological 

innovation is one of the most visible external factors affecting human resource 

management [96]. When organizations adapt to a new technical innovation, 

employee training is needed. Another impact of technology maybe that as 

technological innovation brings increased efficiencies to work processes, 

reduction in the number of workers may come about. More jobs worldwide 

have been lost due to technological advancements [96]. In the same context, 

technological innovations in information and communication have helped the 

ability of a company to grow offshore, and outsource their work tasks. 

 Governments: Governments typically are active forces in facilitating economic 

health of their respective countries that leads to increased employment 

opportunities for the national labour force [96]. In terms of global 
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marketplace, governments are increasingly active in improving national 

infrastructure, investing in education and labour force skill development, and 

negotiating tax arrangements to successfully attract multi-nationals which 

provide jobs through their foreign investments [96].  In addition to this, 

government has the responsibility to monitor labour practices to protect the 

rights of workers and ensure safe working conditions. This employee 

protection and specification of workforce management policy is achieved 

through the building up of government agencies, laws and regulations that 

prescribe and enforce acceptable company behaviour [96].  

 

12.12.2 Recommended Solutions in the GSE context 
 

How do organizations manage the major changes and challenges in the global 

labour market? Pressure from the global economy on companies to transform 

themselves into global companies is imminent. These companies are required to be 

able to compete with anybody, anywhere and at anytime. Some general suggestions 

about what human resource manager should do to effectively handle workforce 

management are mentioned in [96]. These are as follows: 

 Managers need to develop the ability to collect relevant information about the 

talent pool of people around the world to effectively use an offshore sourcing 

strategy or to import temporary workers from abroad.  

 Facing an increasingly aging global population and contingent workforce, 

companies are required to handle the upcoming demographic change. These 

may be done rewarding workers more generously and still earn a higher 

shareholder return. The effective management of a global workforce requires 

special attention to issues of equity and fairness. Managers need to devise 

appropriate compensation and benefit schemes for their workers.  

 Managers should learn how to collaborate with foreign partners to minimize 

cultural clash. Managers need to properly understand the host country‟s 

culture so that employees can be evaluated and assigned tasks based on their 

job skills. It is widely realized that positive relationship exists between cross-

cultural communications and effective teamwork and productivity. 

 Managers and human resource professionals should follow government 

immigration policies closely and influence the shaping of these policies if 

required. In order to perform effective strategic planning, managers also need 

to be familiar with some domains in developing countries where either foreign 

direct investments or outsourcing is prohibited.  
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SECTION B – CHALLENGES 

12.13 Cultural Differences 
 

Managing the work environment in a global setting can be a very difficult task. 

The global work environment changes according to a lot of different factors. One of 

these factors is the cultural difference between teams operating in this global setting. 

GSE introduces the concept of teams from across different countries collaborating and 

working on the development of a specific project. These teams may be from different 

backgrounds, may have a different way of thinking and communicating and may even 

respond to different scenarios differently. 

There are many different definitions of culture. Carmel‟s [5] definition of culture 

is something that “provides members with images of their basic concerns, principles, 

ethics, and bodies of manners, rituals, ideologies, strategies, and tactics of self-

survival including certain notions of good deeds and bad, various forms of folklore 

and legends.” By this definition culture is a form of social identity that influences 

behaviour of individuals. According to [16], Hofstede‟s definition of culture is “the 

collective programming of the mind, which distinguishes the members of one human 

group from another.” This definition portrays culture as a shared meaning of a group 

of individuals. This emphasizes that culture is identified by a collection of 

characteristics possessed by a group of people and it is not the intellectual property of 

individuals [16]. There are many different conceptualizations of culture and 

determining the correct one is outside the scope of this thesis. Our aim here is to 

determine how culture influences and complicates the workings in a global setting and 

to provide some recommendations on how to successfully alleviate these cultural 

differences. 

 

12.13.1 Problem in a GSE context 
 

Culture can often lead to many misunderstandings, both in the collocated 

environment as well as a global setting. However, its effects are more visible in the 

latter and according to [17], there are frequent misunderstandings in environments 

where the participants are from two or three different countries. Different local 

traditions can lead to misunderstandings for example Mexican engineers in khaki shirts 

and sunglasses looking suspicious to the shirt-and-tie US engineers [17], who might 

take their dress code to be unprofessional. Culture differences can often lead to 

confusion as people from different cultures may show unexpected behaviour to a 

person from another distant culture. For example in European and Asian work 

environments workers respect authority and managers do not need to explain their 

strategy to the workers [17]. However in US it is the opposite and workers and 

managers communicate more freely [17]. Now, when the two cultures mix and come 

in contact in a global environment, it can lead to misunderstandings as their norms 

may be quite different. An Asian worker may not understand when his US manager 

tries to explain a management strategy and he may even get more confused when the 

manager asks his opinion. On the other hand, an Asian or a European manager may get 

agitated when his US worker tries to ask him to explain his orders. There are a number 

of examples seen throughout different research [17][18][19][20][21][22][23], which 

show how cultural differences can adversely affect the global work environment. 

Several studies were conducted in order to determine the impact of culture on the 

work environment. A survey conducted by Vanzin et al [24] deduced that 33% of the 

people thought cultural difference affected the work environment negatively. In 

another survey [25], when people were asked to identify eight major problems in 
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Global Software development, 52% said that cultural differences were a major 

problem. 

Even though culture is a big problem, it has many advantages as well. A team 

consisting of people from same backgrounds may suffer from myopia and lack of 

imagination or diversity [26]. They may not see solutions as well and as quickly as the 

teams that are culturally diverse. Cultural diversity brings fresh ideas and perspectives 

to the table and a cultural synergy can be created to discover new ways of solving a 

problem [5]. This reason and the fact that cultural differences are the by-product of 

GSE, lead us to the reasoning that global software organizations should identify 

solutions to solve this issue. 

 

12.13.2 Recommended Solutions in the GSE context  
 

There are a couple of ways to alleviate the cultural differences between 

organizations. Communication is one of the major areas that need to be improved in 

order to alleviate this difference. Komi-Sirvio et al. [25] suggest that the following 

recommendations need to be incorporated in global organizations to reduce the cultural 

differences: 

 The use of well known keywords and predefined terminologies. 

 Enhancing communication between the team functions and improving the 

language of team members in order to build understanding between the 

sites. 

 Spreading the awareness of the customs and traditions of the cultures. 

 Kickoff meetings at the start of the projects and technical meetings during 

the design phase. 

 

Battin et al. [23] suggest improving the impression which the local team has of the 

remote teams. They suggest the following to achieve this: 

 International liaisons – usually the remote teams send a person to the local 

team for a few months. This person (liaison) meets the people at the local 

site, learns about the software, helps complete the requirements, and then 

goes back to the remote location and communicates the information. This 

creates a sense of teamness and the liaison can be the one to communicate 

between both the teams. 

 Enhance communication between the teams. 

 Experience – By learning from their mistakes, the teams start to figure out 

the right things to do from their previous experiences. By spending time 

and working with the other culture, people start learning about that culture 

and its norms, therefore reducing the gap between them. 

 Incremental integration – One of the biggest problems that usually arise in 

development is during the integration phase. This is the time that the teams 

usually realize that they have had misunderstandings, and the system did 

not work. Therefore a suggestion here is to have smaller incremental 

integrations so that teams can discover earlier that they are doing 

something incorrectly. It also introduces a sense of shared milestones and 

brings the global teams together early into the project. 

 

Carmel et al [27] talk about two different forms of culture; organizational culture 

which encompasses the norms and values held by a company or an organizational 

enterprise and national culture which encompasses the norms, values and language of 

an ethnic group which is separated by the boundaries of a state or nation. They [27] 

give the following suggestions: 

 Internalization of foreign entity – An attempt to reduce the organizational 

culture by eliminating collaboration with external partners (outsourcers, 
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contractors, or joint venture partners) and internalizing the work by hiring 

people into an office of the same organization but located at a remote site. 

Thus only the national culture of the remote team will be different but the 

organizational culture would be the same. 

 A culture liaison who might be a manager or a key executive who travels 

between key sites and locations to induce the spirit of teamness at the 

different sites. 

 Language training – Remote teams often train their staff in foreign 

languages for professional communication. This reduces the distance 

between the national cultures of the two sites as language is a key aspect 

of national culture. 

 

Simons [26] describes a number of barriers in his research and some suggestions to 

reduce the cultural difference barrier. He [26] suggests: 

 Education in distributed working and cultural competence. 

 Training about different cultures by learning through informants from 

those other cultures. 

 Incentives and rewards for sharing information and knowledge so that no 

information hoarding is done. 

 Careful team selection and matching the culture within a team and 

between two teams. For example, trying to match the individualistic 

cultures like the US and European cultures together or the collectivist 

cultures like the Japanese and Pakistani cultures together. 

 Face-to face meetings to get teams started. Having these meetings can be 

expensive if the sites are far apart. 

 Social events and personal forums online. These will help the employees 

to create a sense of teamness and they will start to bond together. This will 

reduce the cultural distance between them. 

 Coaching and learning from each other. The teams will be able to learn 

about the other culture more efficiently in this manner. 

  

All these recommendations provided global teams with a way to reduce the 

cultural difference between them and it will allow them to work more effectively. 
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12.14 Communication and Coordination 
 

People working in a single sited organization rely a lot on ad-hoc and informal 

communication (either during lunch / coffee breaks or the hallways). It is not often 

realized how crucial this informal communication is to the software development 

effort where ideas need to be constantly discussed and shared. In addition to this, 

during the course of this informal communication, conflicting assumptions, incorrect 

interpretations, or dependencies are discovered [28].  When these organizations enter 

the world of Global Software Engineering (GSE), they underestimate some of the 

crucial issues in handling geographically distributed teams. At the heart of the issues 

faced in a global setting, there is the difficulty relating to communication and 

coordination. In a GSE environment, teams are separated by geographic distance, 

which makes informal communication difficult. Much of the advantages of face to face 

communication like subtle cues and expressions and timely feedback, that help people 

to understand about particular tasks, are lost. Thus the project team fails to establish a 

common understanding. Research have shown that tasks executed in global setting 

takes 2.5 times longer than task carried out within a single site [34]. What seems to be 

the difference is the lack of effective communication and coordination. The ISO 

9001:2000 TickIT guide has also emphasized the importance of communication and 

coordination and what an organization needs to do to handle this issue. A lot of GSE 

literature has also put emphasis on the importance of communication and proposed 

solutions to cater this issue. 

 

12.14.1 Problem in GSE context 
 

Consistent awareness of tasks is an important consideration in any project. 

Awareness is defined as an understanding of the activities of others, which provides a 

context for one‟s own activities [35].  In software engineering, awareness is generally 

linked to issues related to coordination, or managing dependencies between activities 

[36]. In other words, awareness can be seen as a way by which team members can 

become aware of the work of others that is interdependent with their current tasks, and 

thus facilitating coordination through effective communication amongst teams [37]. In 

a globalized environment, this awareness tends to come about with great difficulty. 

Geographic and socio-cultural differences tend to result in the lapse of communication 

and as a result, lapse in awareness. Smite in [38] mentions certain threats and 

consequences regarding communication and coordination in global environment, 

which are as follows: 

 Communication: 

o Lack of effective communication tools makes binding among distant 

teams difficult. 

o Lack of language skills leads to fear of speaking on phone or video 

conferencing. 

o Lack of direct contact leads to lack of trust and commitment. 

o Temporal distance leads to dominant use of asynchronous (not 

occurring at predetermined or regular intervals) communication tools 

which leads to considerable time delays. 

o Cultural differences lead to misunderstanding. 

 

 Coordination: 

o Multiple supplier and team locations increase coordination effort. 

o Requirement for advanced tools with centralized access increases. 

o Lack of proximity and closeness makes work breakdown / division, 

and allocation of tasks specification more difficult and effort intensive. 
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o Diversity and differences in process maturity and inconsistency in 

work practice can ruin schedules. 

o Temporal distance introduces coordination problems. 

o Weak telecommunications results in unexpected coordination 

breakdown. 

 

As mentioned above, many of the challenges in Global Software Development are 

traced to inadequate communication (especially informal communication) between 

team participants which are separated by temporal, geographic and cultural distances. 

In collocated organization, we see such informal communication helps easy 

dissemination of project knowledge, familiarizes individuals with working styles of 

others and helps in greater understanding of tasks between team participants. There is 

very convincing evidence that the frequency of communication drops sharply with 

physical separation among co-worker‟s offices [34] [39]. 

Sosa et al [40] and Sangwan et al [28] have discussed certain barriers that hinder 

communication or the process of information flow. These are as follows: 

 Physical distance:  Allen in [39] found that the probability of two engineers 

engaging in technical communication rapidly decays with distance, and added 

that such a communication pattern is independent of the communication 

medium used. Allen further states in [39] and [43] that distance is a non-linear 

factor and that it is only within the first 30 meters that separation has any real 

effect on the probability of communication. Sosa et al [40] added to Allen‟s 

statement that although communication frequency decreases with distance, the 

communication media used would affect the magnitude of impact. In other 

words the rate of decrease in communication frequency depends on the media 

of communication used. Like for example face-to-face communication with 

decay more rapidly with growth in distance than electronic media like 

telephone and email.  

 Overlapping working time: The probability of synchronous communication 

decreases with a decrease in the overlap of working hours between 

communicating parties [28]. It is seen that as distance increases, overlapping 

working time decreases, and as a result face-to-face communication decreases 

rapidly. Consequently telephone is preferred in places where there is some 

common and overlapping working time. Where there is absolutely no overlap 

time, e-mail becomes the preferred media. 

 Cultural and language differences: Language differences, customs 

differences, and different ways of referring or treating others have been 

accepted as foremost barriers of communication [44] [45] [46]. We feel that 

there is a higher chance of communication between two parties if there is 

lesser cultural difference between them. In [28], it is stated that there is more 

chance of using written asynchronous communication media like emails where 

there is a presence of significant cultural differences. 

 Organization motivation and trust: Trusting your team members is an 

important factor in changing the frequency of communication. In GSE 

environment where outsourcing is involved from high paid jobs region to 

cheaper labour regions, often there is a lack of trust and collaboration due to 

threat to job security. These collaborating companies are less likely to be 

motivated for helping their distant team members and sharing knowledge. 

Thus companies need to find ways for maintaining trust amongst their 

employees to promote effective communication. 

 Personnel relationship: Communication is less liable to occur between 

collaborating teams unless the team members get to familiarize themselves 

with each other [28]. 
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12.14.2 Recommended Solutions in the GSE context  
 

Looking at the above barriers which result in the lapse of communication, 

managing, coordinating and controlling activities of teams in GSE environment is a 

difficult task but not impossible. There is much literature written discussing process 

improvement in software development, and especially, the function of effective 

communication in teams. Allen [39] pioneered the stream of researches and 

investigated how effective internal and external communication arouses the 

performance of development organizations. Clark and Fujimoto [41] link success of 

development in auto industry to the intensive communication between upstream and 

downstream activities. Ulrich and Eppinger [42] also give importance to the need of 

exchange of essential information in order to speed up development process. 

Following discussion highlights some important literature and states some suggestions 

that organizations need to consider while coping with the communication problem in 

GSE environment. These suggestions are beneficial to the organizations which plan to 

get certified through ISO 9001:2000 TickIT. 

 Minimize task dependencies and reduce ambiguity – Sosa et al. in [40] stated 

that task interdependencies and organization bond are the key motivating 

factors for transfer of information among collaborating teams. Managers must 

identify interrelated tasks and minimize dependencies among tasks performed 

by geographically distributed teams that have no organizational bond (no 

previous history of working together) [28]. The higher the degree of 

interdependencies amongst tasks, the greater the need for communication 

especially when communication is filled with uncertainty and ambiguity. Thus 

in order to remove ambiguity, managers must emphasize on defining problems 

more precisely, and reach consensus on solutions to problems [28]. 

 If possible, try to avoid remote sites with large time-zone differences with the 

central site [28] – It is seen in a GSD environment that often companies share 

work tasks with companies at a location where there is little or no overlap 

work time. Different countries have different work hours, work weeks, and 

holidays. One office location maybe be unavailable due to coffee break, 

another due to office timings being over and yet another due to a local holiday. 

Thus it is suggested that companies try to avoid remote sites with large time 

zone difference. If they are unable to do this due to business and market 

reasons, then it is suggested that they introduce a third regional organization 

which has overlap time with the other two organizations. This third site will 

act as a satellite organization and help in collaborating work tasks between the 

other two sites. 

 Facilitate written asynchronous communication [28] – Managers must 

promote and facilitate written asynchronous communication amongst 

collaborating teams especially when there are significant differences in 

language. This will result in an interpersonal network where team members 

develop personal contacts with distributed team members. 

 Be aware of seasonal work habits across development sites [28] – Often 

collaborating teams tend to have totally reversed seasons. As a result there is a 

change in typical vacation time periods, or time period of high or low 

productivity. Thus it is important to be aware of the seasonal work habits of 

distributed work locations. 

 Facilitate knowledge sharing and collaboration at specific junctures or 

central location [28] – It is not necessary for all members of an organization 

to be connected to each other through informal interpersonal networks [47]. 

This would not only be costly in GSD environment, but would also create an 

information overload for members involved. Thus it is better to have a central 

repository or centralized collaboration and communication framework which 
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can be accessible by people wanting information at any time. Facilities such as 

forums or electronic message boards for communication can also be 

introduced.   
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12.15 Trust 
 

Another factor affecting the global work environment is trust. Moe et al. [48] 

define trust as “the willingness of a party to be vulnerable to the actions of another 

party based on the expectation that the other will perform a particular action 

important to the trustor, irrespective of the ability to monitor or control that other 

party.” Describing this in the global context, we can say that “trust is simply the 

confidence that two global parties have on each other to be fair and honest and 

provide what they have promised”. This global aspect of trust is very important and it 

is crucial for relationships between teams as it enables open communication, 

performance enhancements, higher quality products, and a greater satisfaction in the 

decision making processes [49]. Sabherwal [50] suggested that trust could be 

categorized into four categories: 

 Calculus based trust is embedded in the rewards and punishments 

associated with a particular project e.g. Client could specify penalty 

clauses in the contract to ensure that the supplier does not miss a deadline 

or the client may give bonuses if the supplier finishes on time. 

 Knowledge based trust depends on the two parties knowing each other 

from previous experiences. 

 Identification based trust depends on sharing goals and experiences so that 

a party may understand what the other party wants. 

 Performance based trust depends on accomplishing early projects goals. 

In some projects celebrating these successes with the other team members 

may increase trust further. This type of trust is based on reliability, 

competence and professionalism. 

The aim of the next two sections is to determine how trust influences and 

complicates the workings in a global setting and to provide some recommendations on 

how to successfully alleviate these complications by improving trust in the global 

environment. 

12.15.1 Problem in GSE context 
 

Trust is the main factor that affects communication, information exchange, 

feedback, mutual coordination, cooperation, morale and performance [48]. Therefore 

the lack of trust is usually a major factor that negatively affects the workings of a 

project and causes projects to fail. Trust is even a bigger problem in the globally 

distributed environments as Carmel [5] says that the introduction of distance makes it 

harder for the teams to build relationships of trust. Lack of trust usually leads to people 

working towards their own individual goals rather than organizational goals. People 

start hoarding information and become competitive instead of sharing information and 

cooperating to achieve the objectives of the organization. 

Smite [38] has pointed out various adverse effects of lack of trust in a global 

environment. Some of these adverse effect are; decreased feedback, decreased 

cooperation, self protection and information hoarding, doubt of negative feedback, 

relationship conflicts, preference to individual goals over group goals, team not self 

correcting and helping out each other, productivity and quality decrease, increase in 

monitoring by management, threats of project cancellation from client side and low 

morale of employees. 

Several studies have been conducted in order to evaluate the impact that lack of 

trust has on the global work environment. Results of a survey of 38 globally 

distributed projects shows that 31% of them were affected by the lack of commitment 

and trust [38]. According to [24], in a survey conducted by Vanzin et al., 43% of the 

people thought of trust as having a negative impact on projects. In yet another survey, 
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whose results are given in [52], 50% of the respondents stated that their distributed 

team members hold back information. All these studies show that the lack of trust in a 

global environment can lead to serious consequences. 

 

12.15.2 Recommended Solutions in the GSE context  
 

To reduce all of these factors described above, organizations need to have some 

good practices so that they can improve trust. This section describes some of these 

recommended practices. 

 

 Improving Performance based trust – By providing all task relevant 

information to the team members early in the project, organizations can 

increase the performance based trust [48]. We think that this happens 

because the task specific information shared across the teams allows work 

to be evenly distributed throughout the sites. This influences early 

successes which is the main aspect of performance based trust. Moreover, 

the shared information relevant to the team allows the team members to 

better understand each other and allows them to comfortably share other 

information, leading to these interim successes. 

 Face-to-face meetings / Kickoff meetings – Many researchers 

[17][38][48][49][51][52][53] suggest this as a way to increase trust in a 

global environment. Kickoff meetings are usually practiced in the global 

environment where the first contact between team members is face-to-

face. This instils trust early in the project. Socialization is the key for these 

meetings. Mikawa et al. [52] argues that it is not just the meetings that 

build up trust, but the interaction that occurs in those meetings that builds 

the social ties and increases trust. Moe et al. [48] and Smith et al. [51] say 

that it is worthwhile to invest in several face-to-face meetings and other 

socialization events for the teams.  

 High-quality video conferencing - Face-to-face interactions may be 

expensive most of the times and it may not be feasible for companies to 

fly people half way across the world just to have these interactions. In that 

case companies should consider high-quality video conferences [51]. 

Carmel [15] also suggests investing in good groupware packages and high 

speed internet solution to cope for the lack of face-to-face meetings. 

 Conflict resolution – Moe et al. [48] suggest that organizations should 

communicate what they expect from each other early and establish rules in 

form of a contract, or some other official document for handling conflicts. 

 Software development method – Moe et al. [48] suggests that a software 

development method that provides flexibility and adaptability and work in 

small iterations could increase the trust. This method should have short, 

dynamic iterations so that the members are aware of the progress. They 

[48] suggest that a combination of agile and plan driven approach as 

suggested by [54] is a good solution. According to Smite et al. [55], 

feedback on a regular basis also increases trust. 

 Incentive based communication – Organizations should also provide 

incentives to share information if trust is low. Once people start 

communicating openly, it is just a matter of time that they will start 

trusting each other and sharing information freely without the need of 

these incentives. 

 Predictive communication patterns – Teams should maintain predictive 

communication patterns with each other. According to [48], if teams miss 

some meetings or if they fail to get in touch with the other team, distrust 

starts to develop between the two. 
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 Language training – According to [49], the ability for a supplier to talk to 

the client in his native language or understanding his culture will provide 

the biggest advantage for establishing initial trust. 

 Exchange of staff – According to [28], the rotation of staff between sites 

can be a good way to exchange information between sites and develop 

trust. A lesser degree of this would be to send liaisons to the central site 

early in the project, so that they can understand the work there. When 

these liaisons go back to their remote sites they can communicate what 

they have learned and act as a central figure that both the teams trust.  

 Swift trust – This was a concept described by Jarvenpaa et al. [57] and 

Mumbi et al [56]. Swift trust is an assumption that people in any 

environment are trustworthy until proven otherwise. In a global project, 

there is usually not enough time for people to start interacting and 

socializing. This whole concept is held around the fact that people can 

trust one another based on perceived reputation. According to [51], swift 

trust is uncertain because if it does not develop quickly or early on, it may 

never develop at all between the teams. 
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12.16 Time-zone 
 

Time-zone difference exists in multi-sited teams when the teams are separated by 

borders and huge distances. The larger these distances between the teams, the larger 

the time-zone difference between them. This difference can lead to a lot of problems. 

 

12.16.1 Problem in GSE context 
 

Time-zone difference introduces delays in projects as the overlapping work hours 

with the distributed multi-sites are reduced. Scheduling meetings becomes a problem 

because of the lack of overlapping work hours. Problem turnaround time is increased 

and collaborating on a problem between sites (that have a large time-zone difference) 

takes longer. One site normally has to wait for the work hours to begin on the other 

remote site before they can get their questions answered. According to [94], when 

people have a limited window of communication at their disposal, they have to switch 

to asynchronous modes of communication like emails, voicemails etc.  

 

12.16.2 Recommended Solutions in the GSE context  
 

Unfortunately, if a time-zone difference exists, there is no way to reduce it. But 

there are some practices that can be used to diminish the effects of this difference. 

These adaptations are given as follows: 

 Maximize time overlap by adapting office hours - Working hours of the 

teams can be adapted to allow for maximum overlap in work hours [94]. 

The teams can even change their working hours completely to coincide 

with the other team. 

 Awareness of availability – People on both teams should be aware of each 

other‟s availability so that they can use the overlapping time effectively 

[94]. 

 Anticipate needs of other site – As the teams must rely on asynchronous 

forms of communication, they must anticipate the needs of the other team 

and explain issues in detail so that the receivers can start working without 

having to consult the senders again [94]. 

 Work from home – People in one site can work from home during the 

work hours of the other site.  
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SECTION C – OTHER ASPECTS 

12.17 Outsourcing 
 

Basic definition of outsourcing is the purchase of goods or services that were 

previously provided internally [58]. From this definition we could derive that IT 

outsourcing can be viewed as the purchase of IT services formally provided internally. 

Offshore outsourcing is the transference of an IT function from a client company to a 

supplier company residing outside the borders of the client company‟s country [60]. 

Outsourcing has been classified in different ways. Hirschheim and Lacity [74] divided 

outsourcing in three categories: body shopping, project management and total 

outsourcing. Body shopping mainly refers to the use of contract programmers 

managed by the company employees [73]. In project management, the management 

outsources for a specific project or portion of work [73]. In total outsourcing, the 

vendor is in total charge of a significant piece of work [73]. 

  Outsourcing practices in industries like textile, vehicles, weapons etc. dates back 

to the late 17
th
 century when the industrial development begun. Looking at IT industry, 

many computer companies in USA used to outsource their payroll processing system 

in the 1970s and 1980s. Although the practice of outsourcing has been done since the 

early days of the industrial development, it is strange that no one talked about it 10-15 

years back. Ghimire in [59] suggested that the reason outsourcing stayed out of the 

news was because it used to happen on a small scale and was concentrated in some 

specific regions, like the USA and Europe. But now outsourcing is a $ 400 billion a 

year industry and the world cannot afford to ignore it [59]. Globalization, enormous 

growth of internet, and the development of information society has made outsourcing a 

crucial part of the world economy. Offshore outsourcing is rapidly emerging as U.S 

companies look offshore for better quality IT services in shorter turn around and at 

lower cost [60]. It is estimated that by 2015, 3.3 million white-collar jobs and $136 

billion in wages will be sent offshore [61].  

IT outsourcing is a concept related to GSE. GSE organizations need to follow a 

systematic process of outsourcing, in order to be successful in a globalized 

environment. In this section, we will provide some suggestions to the GSE 

organizations regarding their outsourcing venture and will state examples from 

literature of some frameworks and models they can follow. These literatures provide 

crucial understanding of the outsourcing processes and tell how to determine the 

maturity of a company involved in outsourcing by following some maturity models. 

Companies need to consider how best to obtain the needed IT services through 

outsourcing mechanism.  

 

12.17.1 Suggestions from Literature 
 

A lot of research has been done in the field of software outsourcing. One aspect of 

these researches is to develop process models for outsourcing activities. These process 

models guide companies in decision making about their outsourcing endeavours and 

describes effective ways to proceed with it. Another aspect of these researches is to 

develop outsourcing maturity models. Through these maturity models, companies can 

evaluate their own as well as their supplier‟s suitability for adopting outsourcing. 

It is beyond the scope of this thesis to state all of these researches, but in the 

following paragraphs, we will mention few of examples which we feel can give the 

baseline for companies to establish their outsourcing knowledge base: 

 Outsourcing Decision Making Models – Organizations should follow some 

Outsourcing Decision Making Models. The most comprehensive systematic 

research survey of existing outsourcing literature from 1988 to 2000 was 
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performed by Dibbern et al. [62]. This research identifies outsourcing as an 

organizational decision making process and develops a stage model (Figure 11) of 

decision making for outsourcing companies. This model which was derived from 

Simon‟s Decision making model [63], gives important guidelines for companies 

willing to outsource their projects offshore, and identifies five outsourcing issues. 

These are the questions of why to outsource, what to outsource, which decision 

process to take, how to implement the outsourcing decision, and what is the 

outcome of the outsourcing decision. Dibbern et al [62] identified research 

literatures that answer each of the 5 questions and we feel that companies should 

review this paper to properly understand the IT industry and the research aspects 

of IT outsourcing. Companies seeking to outsource can follow this 5 step 

guidelines in order to come up with valuable decision for their business. Briefly 

these steps, as mentioned in [62], are as follows: 

o Why: Organization must ask why they might be considering outsourcing 

their IT functions. What are conditions or situations (determinants or 

antecedents) that might lead them towards decision to outsource? What are 

the risks and rewards, or advantages and disadvantages associated with 

outsourcing? 

o What: Organizations must decide what functions of their projects are they 

to outsource. There are two conditions to that. First, there should be at 

least two different options available. Second, there needs to be a rationale 

that serves as the selection criterion. The latter is connected to answering 

the „why‟ question, which can be used as the criteria to evaluate the 

options available when asking „what to outsource‟.  

o Which: Organization must decide on which choice to make for the 

outsourcing location. In making this choice to outsource, organizations 

should take on a step by step process and assess the various selection 

criteria and the actual final decision based on facts like budget, 

capabilities, skills of supplier, economics of the offshore location, culture, 

time-zone effectiveness etc. 

o How: After making decision of the preceding questions, organization faces 

numerous implementation questions and should answer „how to 

outsource‟. How basically relates to implementation of outsourcing and 

contains three issues: selecting the vendor or supplier, structuring the 

relationship between the supplier and the customer (e.g. contract 

negotiation and relation building), and managing the resulting 

arrangements. In other words, how relates to implementation of best 

practices (methods, techniques, and approaches) used to effect the 

outsourcing decision that tend to result in a higher degree of outsourcing 

success (i.e. outcome).  

o Outcomes:  After the implementation of outsourcing, organizations need 

to do a post mortem analysis of their outsourcing venture i.e. what went 

well and what went wrong. In other words, they must evaluate the actual 

outcomes of the outsourcing phenomenon and derive the lessons learnt. 

This information is crucial for the organization‟s future endeavours and 

assist in determining the risks or potential undesirable outcomes 

associated with outsourcing.  
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Figure 11: Stage Model of Outsourcing (Adapted from [62]) 

 

 

 Outsourcing Process Frameworks – Organizations should follow any particular 

Outsourcing Process Framework in order to keep track and handle their 

outsourcing activities in systematic phases.  There has been quite a lot of research 

which have developed outsourcing process frameworks and models. These 

include: outsourcing process framework by Momme  [64] [65] [66], IT supported 

international outsourcing process by Nahar et al [67], outsourcing decision making 

by Blumberg [68], IT-supported technology transfer process by Nahar [69], the 

globalization of the software development industry by Kim, Westin and Dholakia 

[70] and Site and Project selection for offshore development projects by 

Ravichandran and Ahmed [71]. These researches influenced Yalaho et al [72] in 

developing an effective International Outsourcing Framework which can assist 

outsourcing organizations (Note: There are many other frameworks and describing 

all of them is beyond the scope of this thesis. We are describing briefly Yalaho et 

al [72] framework to give an overview of how these are structured.).  Yalaho et al 

[72] divided their framework into three distinct phases which are further divided 

into stages. These are as follows:  

o Planning Stage: Consists of cost studies, proposal development, choice of 

vendor, and contract negotiations. This stage is further divided into four 

phases: 
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o Implementation Stage: Consists of developing procedures and workflow 

and training the employees of both companies. This stage is further 

divided into two phases: 

 Project implementation 

 Evaluation and contract termination 

o Management Stage: Consist of one phase: 

 Managing the relationship 

For each of the seven phases, main activities and related preconditions, 

performance measures, expected outcomes and supporting IT tools were 

identified. Performance measures were got by reviewing the factual outcomes in 

relation to the expected outcomes. Each phase is linked to the following phase and 

lessons learnt are stated for each phase to the preceding phase. The framework 

does not necessarily cover all international outsourcing circumstances but it 

provides a reasonable framework for the execution of international outsourcing 

[72].  

 Outsourcing Maturity Frameworks – Organizations should measure offshore 

outsourcing suitability of the software project and the capability of the offshore 

outsourcing company. Boehm [75] states regarding most unsuccessful software 

projects that these failures could have been prevented “if there had been an explicit 

early concern with identifying and resolving their high-risk elements [75].” 

Although risk avoidance during software development is directly related with the 

software, this is insufficient in outsourcing projects, and risk avoidance should 

start before the project begins [8]. There are many outsourcing maturity models 

which assist in measuring offshore outsourcing suitability of the software project 

and the capability of the offshore outsourcing company. This facilitates early risk 

analysis [8]. We are going to discuss two models from literatures regarding this. 

Betz et al in [8] developed their Out shore Maturity Model (OMM) in 2008. 

The purpose of this model was to measure a company‟s outsourcing capability 

with regard to its suitability for the vendor and the suitability of the project to be 

outsourced. In other words, the goal of OMM is to predict by means of various 

criteria whether a planned project that is to be outsourced, may be completed 

successfully or not. OMM provides a tool for risk management [8]. OMM 

measures the maturity in three dimensions: buyers, project, and vendor. OMM 

rates the buyers‟ maturity using the dimensions: strategy (cost reduction, 

flexibility, time to market), experience in off-shoring (management, engineering 

team), operational structuring (international standards, internal processes), 

maturity level to build up the risks, and hardware assistance. The project maturity 

is measured using the dimensions modularity, size, duration, requirements 

stability, number of interfaces, type of the project, dependency of the company's 

internal knowledge and architecture. Vendor is measured by cultural and 

geographical distance (language, working culture, feeling of time, time-zones), 

experience in off-shoring/outsourcing, and fluctuation. OMM is organized into 

five maturity levels (see Table 10).  The calculated value indicates the capability 

of an organization to use software off-shoring with respect to that dimension. 

Through this, organization receives a better overview of its weak points.  
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Table 10 : OMM Maturity Levels - Buyer, Project, and Vendor (adapted from [8]) 

Level Buyer Maturity Project Maturity Vendor Maturity 

Level 1 : Initial Almost no 

distributed software 

development project 

experience 

Very complex and 

mission-critical 

projects 

Grand cultural and 

geographical 

distance and no 

domain knowledge, 

almost no distributed 

software 

development project 

capability 

Level 2: Started Some exposure to  

distributed software  

development projects 

Complex and critical  

Projects 

Considerable cultural 

and geographical 

distance, ad-hoc 

 capabilities 

Level 3: Aware Distributed software 

development projects 

mechanism emerge 

Non-core projects Cultural and 

geographical 

distance, strong 

capabilities 

Level 4: Managed Distributed software 

development projects 

are understood and 

Controlled 

Mitigation or 

 Isolated new 

 Development 

Some cultural and 

geographical 

distance, domain 

knowledge 

Level 5: Mature Global player, 

distributed 

developments a core  

competence 

Simple, independent  

and large projects 

Marginal cultural 

and geographical 

distance, no 

fluctuation, multi- 

shore supplier 

 

 

Another research worth mentioning is by Ramasubbu et al [1] in which they 

developed a Process Maturity Framework for Managing Distributed Development. 

Ramasubbu et al [1] identified 24 new KPAs that deals with the wide-ranging 

capabilities needed for managing outsourcing development and arranged them into an 

evolutionary order similar to the CMM framework. The KPAs were built on four 

theoretical concepts: collaboration readiness, common ground, coupling in work, and 

technology readiness. Collaboration readiness means the ability of an overall software 

development governance model to set business goals that easily translate into 

maintainable interdependent tasks across geographically dispersed teams [1]. This 

collaboration readiness creates a need of forming and continuously improving 

appropriate governance models, contractual schemes and business goals. Common 

ground depicts the shared knowledge of distributed development participants who 

reside in distant locations, and this raises the need for social communication and 

knowledge management [1]. Coupling in work refers to the mechanisms for dividing 

labour in distributed product development, which address the need for labour division 

mechanism [1]. Technology readiness refers to the development infrastructure and 

personnel capability levels for using collaborative technologies such as groupware 

communication systems, videoconferencing, synchronous multi authoring tools, and 

group debugging tools [1]. This technology readiness reveals the need for emphasis on 

monitoring the use of technology infrastructure and its continuous improvement [1]. 

Details of the levels of Process Maturity Framework for Managing Distributed 

Development by Ramasubbu et al [1] can be seen in Figure 12. 
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Figure 12 : Distributed process-maturity model featuring 24 new key process areas 

(Adapted from [59]) 
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12.18 Monitoring and Measurement 
 

There is a need to measure and monitor product and process quality in 

organizations. Multi-sited organizations are harder to monitor as a lot of coordination 

and communication problems exist between the dispersed teams. Moreover, according 

to [28], one GSE project differs so drastically from the other that it is not easy to 

explicitly say that a particular process will be successful. Therefore, there needs to be 

certain measures that can act as early indicators, that a particular process needs some 

adjustments [28].  

 

12.18.1 Suggestions from Literature 
 

The early indicators for process measurement and monitoring have been described 

in section 12.1.2, under the heading of Quality Assurance. In addition to these, the 

normal strategies for product evaluation, as described in the TickIT guide [15] can also 

be used for multi-sites. However, one thing should be noted that frequent feedback and 

communication are very important in the distributed setting. 
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12.19 Auditing 
 

The TickIT guide [15] states that the purpose of an audit is to independently 

determine whether products, processes, procedures, activities, and tasks comply with 

or are being performed in compliance with quality management system and/or 

contractual requirements and delivering the desired quality levels.  

In this era of globalization, IT auditors would most likely encounter companies 

who have outsourced their software projects to companies which are globally 

distributed. The distance factor brings about social-cultural and varied work 

environments, and both outsourcing and service provider organizations face many 

challenges. In such a situation, how does an auditor carry out an audit? It should be 

noted that while the basic objectives of the audit and the methodologies remain the 

same (as mentioned in the TickIT guide), globally distributed software development 

does bring about some newer elements which need to be considered.  

Sayana in [103] mentions some objectives of carrying out an audit of outsourcing 

which are to determine whether: 

 The risks involved with outsourcing, such as continued availability of services, 

acceptable level of services, and security of information are sufficiently and 

effectively alleviated through appropriate controls that are implemented. 

 The objectives of outsourcing (like reducing costs, enabling the organizations 

focus on its core activities, overcoming non-availability of skilled personnel, 

and improving quality of service) are being achieved. 

 The IT strategy has been suitably modified to make best use of outsourcing. 

 

It is not only important that these objectives are achieved but also that there is no 

negative fallout of outsourcing [103]. Thus, it is essential to carry out an IT audit of 

outsourcing in a comprehensive way which covers all the objectives.  

 

12.19.1 Suggestions from Literature 
 

Sayana in [103] have suggested certain points which auditors should consider 

during an audit of outsourcing. These are as follows: 

 Both parties should have a legally enforceable contract – Usually the 

outsourcing arrangements are finalized after a detailed process of evaluation, 

due diligence and negotiations, and with exchange of communications 

between the company and the service provider over a period of time. Both 

parties should have a legally enforceable contract document which contains 

details of the agreed expectations. This outsourcing contract is good point to 

start for auditors and they should do thorough evaluation of this. 

 There should be a statement of work by the service provider – The statement 

of work lists down the work to be done by the service provider. The auditor 

should ascertain from the activities and the software company‟s departments 

what activities have been outsourced and what are being done in-house. The 

auditor should seek compliance with work projects actually performed by the 

service provider and those mentioned in the contract. 

 There should be high level of monitoring – The financial status and standing of 

the service provider‟s business should be assessed at periodic intervals using 

defined procedures, and the results should be documented and communicated. 

This may include important developments in the service provider‟s country, 

area of operations, quarterly results, press briefings and analyst reports. The 

job of the auditor is to check whether these activities are being carried out by 

the outsourcing company through a designated personnel or department.  
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 There should be connectivity and network security – For the success of the 

outsourcing arrangement, communication facility between the company and 

the service provider is very important. Often for larger project arrangements, 

dedicated high speed connectivity is a primary requirement. For this it is also 

crucial to incorporate robust security measures at the service provider‟s 

facility. The auditors should ascertain that the processes used to initially 

prescribe, verify and test the security measures at the service provider‟s 

facility and the processes to evaluate the mechanism are in place. These are to 

ensure the continued operation and maintenance of good security. Such 

mechanisms may include proactive monitoring of logs of security devices at 

the gateways through remote access, vulnerability scans and penetration 

testing, periodic reporting of security incidents and certifications, third party 

audits and management reviews. 

 There should be data access security: Access rights to applications and 

systems should be provided to the personnel of the service provider 

organization. Proper procedures should be defined to state how such access is 

granted and maintained.  By incorporating security, confidentiality should be 

maintained and integrity and availability of information should be at first 

priority. The auditor should check if the security policy and processes of the 

service provider are in sync with those of the company. This is normally done 

before the engagement through exchange of policies, identification of gaps and 

implementation of the required measures to ensure uniformly strong security at 

both ends. The auditor should check if mechanisms have been instituted for 

ongoing monitoring of security and the related processes at both ends. In some 

cases, depending on the nature of the outsourced work, the personnel from the 

service provider organization may even be required to have a super-user 

access to some systems. In such cases, suitable monitoring processes may be 

setup, including writing of logs on remote systems depending on the risk 

assessment related with the system. The auditor should evaluate the existence 

and efficacy of such processes. 

 There should the presence of project monitoring and governance processes – 

The IT auditor should check if monitoring and governance processes as 

described in the contract document have actually been setup and are working 

as intended. The auditor should verify the performance measurement reports 

for a number of sample months, and verify the methodology and calculations 

for compliance with the service level agreements. The auditor should verify 

samples of bills and their payments in order to measure performance. A review 

of the performance at various levels is important and can be completed by 

critically looking at periodic reports and minutes of the review meetings and 

seeing the frequency of participants. 

 There should be compliance with regulatory requirements – Privacy laws are 

enacted by many countries which may impact data processing in many ways. 

Some of these laws may also impact export of data to other countries for 

processing. The auditor should inspect the applicability of such laws to the 

outsourcing arrangement and verify whether the safeguards have been 

implemented. The auditor should also inspect the confidentiality and 

nondisclosure agreements. 

 There should be benefit measurement for outsourcing – Companies resort to 

outsourcing due to expectation of a benefit. Understanding and realizing these 

gains is an important part of the outsourcing arrangement. The auditor should 

verify whether appropriate procedure and ownership for these measurements 

have been established by the company. The auditor should also check and 

evaluate the measurement methodology to ensure that it is approved by 

management, consists of qualitative and quantitative factors and is measured 

in both monetary and nonmonetary terms. 



  120 

 There should be arrangements for customer satisfaction – Even a skilled and 

focused outsourcing service provider faces challenges due to culture and other 

business or domain-related factors in a globally distributed environment.  In a 

situation where benefits of outsourcing are being realized, it is good to 

ascertain the level of customer satisfaction through well-designed feedback 

processes and administered surveys. The auditor should check the existence of 

such exercises and evaluate the methodology and action on the feedback 

received. 


