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ABSTRACT 

Requirements validation activities ensure that the developers are working with a set of 
requirements that are a true representative of users' intents. Various techniques are employed 
to accomplish requirements validation. These techniques face challenges when employed in 
the context of global software development, especially by the horrendous issues of 
communication and coordination in geographically distributed software development 
environments. This thesis firstly proposes a h e w o r k  for evaluating requirements validation 
techniques after an in-depth study of literature pertaining to communication and coordination 
problems in GSD, communication and coordination requirements for a particular technique 
and factors that enable and influence communication and coordination in a geographically 
distributed environment. Based upon this framework, a comparative analysis of these 
techniques is performed to identify their skengths and weaknesses in a global context and 
provide recommendations to increase their effectiveness in a distributed setup A solution for 
best dealing with the requirements validation techniques and communication and 
coordination problems encountered by them in global software development is presented. 
Finally, the proposed solution is validated by means of a case study. 
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Chapter 1 Introduction 

1 INTRODUCTION 

The trend towards development of software systems in a globally distributed environment has 
been growing rapidly for the past few decades [I]. Management, development and 
maintenance of software systems have evolved from being concentrated at a single site to 
being distributed over multiple sites over the globe [8]. Various forces have contributed 
towards this situation including the need to capitalize on global resource pools, concerns for 
costs, proximity to market, improving time to market by using time zone differences in 
round-the-clock development and mergers and acquisitions [ I ,  21. 

In global software development (GSD) context, requirements have to be specified across 
cultural, language and time zone boundaries [3]. Findings indicate major problems in 
communication and coordination (C&C) between these sites that have a negative impact on 
the requirements phase [2, 31. 

Software development in global environments bas a profound effect on Requirements 
Engineering (RE) activities [ I  11. Problems in requirements engineering phase are the major 
cause of software project failures [4]. 40-60% of all defects found in a system can be traced 
back to incomplete or inconsistent requirements [S]. Requirements Validation (RV) is the 
ongoing process of RE that aims to identify and correct all these errors early in the project 
life cycle [6].  Various activities are performed in this process to ensure correctness, 
completeness, consistency, non-ambiguity and feasibility of the requirements [6]. These 
requirements validation activities are affected to various levels by various constraining 
factors of a globally distributed software development environment. 

The techniques widely used for validating requirements include prototyping, animations, 
inspections and natural language validation. The focus of this thesis is to evaluate these 
techniques in a globally distributed environment and analyze how they are affected by 
various issues of communication and coordination in GSD. A framework is proposed for 
evaluation and comparison of these techniques. Drawing upon this comparison, 
communication architecture is proposed to best deal with the communication and 
coordination issues affecting requirements validation in GSD. 

1.1 PROBLEM DOMAW 

Requirements Validation is a communication-intensive activity and requires interactions 
between a diverse group of people including analysts, customers of the intended system and 
users in the problem domain [6 ] .  These people differ on grounds of varying background, 
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skills and knowledge level; an increased amount of communication effort is required to 
bridge the semantic gap between them [7]. 

Carrying out this communication and coordination between the relevant stakeholders is a key 
challenge of Global Software Development (GSD) [3]. Communication and coordination are 
encumbered by various factors in GSD like geographical distance (making travel difficult), 
temporal distance (different time zones) and socio-culture distance (language and culture) [2]. 

Many of the challenges faced by GSD are attributed to inadequate communication between 
remote sites [9, 101. As the team members are physically separated, frequency of 
communication between them drops off sharply [2, 81. Insufficient and impeded 
communication makes it difficult to timely disseminate project knowledge, familiarize 
individuals with each other's work practices and to promote shared understanding between 
team members [XI. Infrequent and less effective communication also poses a challenge 
towards the process of coordiation of task, activities and efforts by distributed teams [2]. 

There are no requirements validation techniques designed specifically to cater to the needs of 
GSD context. Traditional techniques for collocated development are employed. but no 
evaluation of these techniques exists to determine how they fare in the GSD environment 
specifically with respect to communication and coordiation. Given the significance of 
Requirements Validation, it is important to analyze how its techniques are affected by 
communication and coordination problems in GSD and fmd a solution to make the process 
more effective in geographically distributed software development settings. 

1.2 RESEARCH QUESTIONS 

Requirements validation activities ensure that the developers are working with a set of 
requirements that are a true representative of users' intents [6]. Geographical distribution 

aoses  various challenges with respect to communication and coordination when these 
techniques are applied in GSD. 

The aim of this research is to understand the communication and coordination problems 
encountered when requirements validation techniques for traditional software development 
are employed in GSD context and suggest a possible solution. Following are the questions 
that will be addressed by this research: 

How effective are traditional Requirements Validation techniques, with respect to 
communication and coordination, when applied in a globally distributed software 
development environment? 
What possible measures can be taken to improve the effectiveness of these techniques 
in GSD with respect to communication and coordination? 

Effectiveness of RVlechniques in GSD w.r.t C&C 2 
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Firstly, a communication model is proposed to defme communication paths that are 
essentially required between relevant project stakeholders and secondly, a guideline is 
provided towards use of appropriate combination of mode and media for enabling 
communication between the paths identified in the model. 

To review, the major contributions of this thesis include: firstly a proposed framework for 
evaluating individual requirements validation techniques and analyze the extent to which they 
are affected by communication and coordination issues of GSD; secondly a comparative 
analysis of requirements validation techniques on basis of the proposed framework to 
determine the techniques that would fare best in a globally distributed software development 
environment; thirdly a proposed solution for tackling with GSD communication and 
coordination problems in employing the most appropriate requirements validation technique. 

1.5 THESIS OUTLINE 

The remainder of this thesis is structured as follows: 

Chapter 2: 

Chapter 3: 

Chapter 4: 

The second chapter gives an introduction of the problem domain, which is 
Global Software Development. It discusses the motivations behiid the practice 
of developing s o h a r e  by geographically distributed teams. It reports the 
various challenges that hinder the effectiveness of software development 
activities as found in the literature. Special focus is on communication and 
coordination issues of GSD, which are deemed as the major source of 
problems in GSD. 

The third chapter gives a brief introduction to widely employed requirements 
validation techniques. Moreover, it gives a broad overview of requirement 
engineering activities and how they are impacted by the issues of GSD. 

The fourth chapter discusses the framework proposed for evaluating 
requirements validation techniques. It performs evaluation of each individual 
technique. These techniques include prototyping, animation, inspections and 
natural language validation. A comparative analysis of these techniques is 
performed to gauge the strengths and weaknesses of each technique and fmd 
out the technique that fares best with respect to GSD communication and 
coordination issues. 
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Chapter 2 Global Sofiore Development 

2 GLOBAL SOFTWARE DEVELOPMENT 

Global software development (GSD) is increasingly becoming a common practice in the 
software industry [2, 121. The management, development and maintenance of software have 
evolved from being concentrated at a single site to being distributed across multiple sites over 
the globe [a]. GSD is characterized by stakeholders from different national and 
organizational cultures, separated by geographical and time zone distance, collaborating by 
means of information and communication technologies to develop a software system [12,13]. 

Significant advances in technology, especially the growth of internet, have made 
communication and collaboration between remote sites a practical option and have aided this 
practice of software development surpassing national boundaries [a]. Research reports a large 
number of software projects developed between USA and India as well as other continents 
like Asia and Europe [14]. According to [a], a study conducted in 2000 revealed that 70% of 
US fms have outsourced some kind of business process and that 203 of US fortune 500 
companies engage in offshore outsourcing. 

There are a number of business reasons and benefits that motivate companies towards global 
software development. These are discussed in section 2.1. Despite the advantages offered, 
geographically distributed software development poses a number of challenges. These 
challenges are discussed in section 2.2. 

2.1 MOTIVATIONS FOR GLOBAL SOFTWARE DEVELOPMENT 

Many technological, organizational, and economic factors have led to the increased 
globalization of development projects. Although this trend has been growing for the past few 
decades, now it has become more of a norm than an exception [15]. One of the most 
important reasons for organizations to opt for global software development is its potential to 
reduce software development costs [ l ,  8, 121. The organizations make huge savings by 
moving parts of the development work to low-wage countries where the same work can be 
done for a fraction of the cost [12]. 

In global software development, developers are located in different time zones that allow 
organizations to increase the number of working hours in a day thus decreasing the software 
development cycle time and improving the time-to-market [l, 121. This is known as the 
follow-the-sun 1121 or round-the-clock [l] development. Through time zone effectiveness, 
organizations achieve longer working hours on the development projects. When one site 
finishes working on a project for the day, developers at the other site in a different time zone 
start working on it thus potentially achieving a 24-hour workday [12]. 
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Limited pool of trained workforce is another one of the reasons that motivates organizations 
to hire talent in other countries [9]. GSD has the potential to provide access to a large pool of 
highly skilled workers [l,  81. The scalability available to organizations as a result of larger 
labor pool with specialized skills enables them to increase the size of their development effort 
without bringing dramatic changes to the organization itself [12]. 

In global software development, various actors come from different backgrounds and 
organizations and thus have varying practices and procedures [12]. It is possible to get 
different views from different people since they come from different parts of the world and 
have their own ways of accomplishing tasks. These factors lead to increased innovation and 
shared best practices [12, 131. 

Organizations form subsidiaries in other countries to achieve the business advantage of 
proximity to their customers [9]. This enables them to benefit from locating closer to the 
target market [12]. Additionally, local employees are culturally and linguistically closer to the 
customer and have better knowledge of local business conditions [I, 121. The global demand 
for software products and services has led to many mergers and acquisitions across 
organizations as IT f m s  strive to enter new markets and complement their product lines [8]. 
The opportunity to capitalize on these mergers and acquisitions is another factor leading 
towards global software development [I]. 

2.2 CHALLENGES OF GLOBAL SOITWARE DEVELOPMENT 

Physical separation among project members poses serious challenges to software project 
completion [I]. These challenges if not tackled properly can render the effort of 
collaboratively developing software over multiple sites ineffective. Discussed below are the 
major issues and challenges of global software development. 

Once the sites that will be participating in global development of software have been 
determined, deciding how to divide the work among them is extremely significant but quite 
difficult [l, 81. This division is constrained by various factors including resources available at 
the sites, their level of expertise in various technologies and the infrastructure [I]. 
Distribution of work across sites has to be carefully executed to avoid increased need for 
communication and coordination between the multiple sites. The best approach would be to 
achieve low coupling between the distributed tasks so that the development teams can work 
as independently as possible [I, 9, 161. If the architecture of the system does not support 
relatively independent modules, there will be coordination difficulties among the sites; the 
sites may hold conflicting assumptions that persist for much longer times than in collocated 
development [9]. 

To reap the benefits of GSD, effective knowledge and information sharing mechanisms are 
required [l]  however, global context makes it difficult to seek out and integrate the necessary 
knowledge [2]. Insufficient knowledge and information management can lead to lost 
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opportunities of reuse that could otherwise have saved valuable time and cost [I, 81. Change 
notification is critical for success of a software project [IS]. However, communication gap 
between the geographically separated team members often results in delayed communication 
of issues and information, which has a negative effect on success of the project. 

Process non-uniformities and mismatches among the development sites cause communication 
and coordination problems [9]. Vwing processes for doing work and sharing project 
information can create confusion and misunderstandings [Z]. Additionally, variation in 
definitions of important/crucial terms can cause conflict and mismatched expectations [l, 91. 
Process differences also lead to problems in synchronization and system integration [I, 81. 

The major cause of issues encountered in global software development, however, stem from 
communication and coordination problems between the software development teams in 
distributed settings. Since the thesis concentrates specifically on communication and 
coordination issues in GSD, they are described in detail in the following section. 

2.3 COMMUNICATION AND COORDINATION ISSUES 

The largest source of problems in GSD is issues related to communication and coordination 
across distributed sites [9]. Communication is identified as one of the root causes of 
challenges faced by software engineers [lo]. This complexity of communication is better 
handled in collocated development; within a geographically distributed team, various factors - - .  

like varying organizational and national cultures add layers of complexity to the process [lo]. 
Difficulties in communication are an impediment to the process of coordination reauired for 
aligning efforts and successfully accomplishing project tasks [2]. 

Described below are the major causes of communication and coordination problems in GSD, 
identified from literature. Some are the direct cause of problem whereas others their 
consequence. 

2.3.1 PHYSICAL DISTANCE 

Geographic distance among team members profoundly affects the ability to collaborate 
successfully [2]. The primary reason for these problems is that many of the coordination 
mechanisms that are ordinarily used in a collocated setting are either disrupted or entirely 
absent in GSD [2]. Distance exacerbates the fundamental RE problems such as poor 
communication among stakeholders because it is difficult to enable ongoing and effective 
communication between development sites [14]. 

Spontaneous communication and coordination declines tremendously because of increase in 
physical distance between the sites [Z]. Additionally, it is not always possible to arrange face- 
to-face meetings, which are the richest form of communication, because of travel time, 
airfares and busy schedules [14]. Because of lack of face-to-face and synchronous 
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backgrounds [9]. Messages may seem strange or even rude and are less likely to be 
immediately responded to [9]. Even if the people at the sites speak a common language, 
subtle differences in meanings introduced by differences in culture may still lead to problems 
[3, 81. 

Different technical and domain vocabularies among the stakeholders separated by distance 
and different national and organizational cultures also cause problems [2]. Distance prevents 
a thorough understanding of these cultural differences by the various stakeholders [3]. 

Cultural diversity hinders shared understandiig of both system requirements and project 
related issues [ I l l .  Different cultures often have different values, beliefs and approaches to 
communication and problem solving and may result in developers having disparate 
interpretations of the same requirements without even realizing it [ll]. These differences 
result in requirements being expressed using diverse terminologies and level of detail making 
it difficult to analyze them for consistency, conflicts and redundancies [3]. Cultural 
boundaries make it difficult for the requirement engineers, developers and users to form a 
consistent understanding of requirements, thus having a significant effect on the development 
of a shared mental model in the distributed team [3, 111. 

Distance among the development sites increases the likelihood of diversity in their corporate 
cultures [3, 81. Organizations can have different hierarchies and associated protocols for 
communication 181. Both sites can differ in work practices and procedures followed and 
might need adjustment [17]. Moreover, the cultural setup usually results in different 
communication styles [I], which need to be discussed in advance to avoid any problems later 
in the project [ l v .  Distance however prevents the thorough understanding of these cultural 
differences between the distributed stakeholders [3]. 

Additionally, [8] reports that culturally divided teams are not as cohesive as local ones and 
this leads to poor trust among team members, poor cooperation and frequent conflicts. 

2.3.4 SHARED UNDERSTANDING 

Shared understanding is defmed as a common knowledge structure held by members of a 
team that enables them to form accurate explanations and expectations for a task [I I]. Shared 
understanding is a necessity for coordinating and aligning actions to achieve a common goal 
[I l l .  To operate efficiently and effectively, all members of a software team must have a 
shared understanding of project requirements [ l  I]. 

Cultural differences, both functional and national, also pose a formidable challenge for 
achieving shared understanding among the various stakeholders in a distributed team [2, 3, 
111. Inherent difficulty of understandiig requirements is exacerbated in GSD by both loss of 
context and loss of communication bandwidth [2]. 
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Challenge of achieving a shared understanding is also attributed to added delays in 
communication and loss of informal communication between teams separated by 
geographical distance [I I]. 

23.5 LACK OF TRUST 

Lack of trust among distributed sites results in unwillingness towards open communication 
and sharing of expertise and project information [9]. Outsourcing arrangements can lead to 
mistrust of the other site because of fear of loss of intellectual property and the worry about 
one's job security [I ,  91. Lack of trust is exacerbated by infrequent interactions between the 
distributed team members [3] and the differences in organizational culture between sites [18]. 

23.6 LACK OF INFORMAL COMMUNICATION 

Informal communication is very important for coordination of work and for learning the 
culture of an organization [3]. Developers not located together have very little informal and 
spontaneous communication [I]. Loss of infonnal communication or 'water fountain talk' 
challenges the goal of forming a shared mental model of requirements between the 
distributed stakeholders [I I]. 

Lack of informal communication does not encourage unplanned contact between participants 
for sharing information even though it is a better means of communicating requirements 
change information since formal mechanisms like specification documents do not ensure a 
quick reaction by the appropriate party [9]. Moreover, documentation is not always up to date 
in organizations and cannot be relied upon for understanding the status of a project [IS]. 

Absence of this informal communication hiders  establishment of a good stakeholder 
relationship. Lack of personal relationships contributes towards lack of trust among remote 
stakeholders, which results in impeded communication [3]. 

Expertise identification is also a problem attributed to lack of frequent and informal 
communication [9]. Participants have limited knowledge of who is working at the other sites 
on what modules p] and often problems lay dormant because it takes time to identify who 
exactly to initiate contact with to clarify a simple question [I, 91. 

23.7 IT INFRASTRUCTURE REQUIREMENTS 

Sisniftcant pitfalls arise from difference in infrastructure including network connectivity, 
development environment, test and build labs and change and version management systems, 
in the multiple development locations [9]. Since the communication among the teams mostly 
has to be carried out electronically, issues related to network connectivity and faulty internet 
can seriously hamper the communication and coordination which is indispensable in canying 
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out software development activities. Other common issues include problems related to 
mismatched data format., incompatible environments for instance different versions of same 
tools, varying platforms etc [l, 21. 
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3 REQUIREMENTS ENGINEERING 

Requirements Engineering (RE) plays an important role in the process of software 
development. It is defmed as "the systematicprocess of developing requirements through an 
iterative co-operative process of anahzing the problem, documenting the resulting 
observations in a vmiew of representation formats and checking the accuracy of the 
understanding gained" [6] .  

Requirements engineering is an activity that attempts to discover, capture and document 
needs and requirements of a set of different stakeholders for a software system. The output of 
this process is a set of requirements that are formally agreed upon by all the relevant 
stakeholders, including the customers, users and the developers. RE is one of the most crucial 
activities of software development. It is highly interactive and the communication and 
collaboration between various stakeholders determines the quality of the fmal product [6] .  

[6] describes a set of sub-processes involved in requirements engineering phase. These are 
requirements elicitation, requirements specification and requirements validation. These 
processes cannot be isolated; their relationship is depicted in the figure below. 

Figure 1: Requirements Engineering Process 
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3.1 REQUIREMENTS VALIDATION 

According to [6], requirements validation is defmed as "the process of certifying the 
requirements model for correctness against the user's intention". I t  additionally defmes 
requirements validation as a set of techniques which "establish und justify our (and the 
user?) belief that the requirements model spec13 a soffware solution which is in 
conformance to the customer md user's intents". 

Requirements Validation is an extremely important and ever-present activity that is carried 
out in conjunction with other requirements engineering activities including requirements 
elicitation and requirements specification [6]. The aim is to make sure that the software 
development team is working with a set of requirements that are a correct representation of 
what the customers and users actually require. 

40-60% of all defects found in a System can be traced back to incomplete, inconsistent or 
ambiguous requirements [5, 61. According to [S], cost of focing a defect during system testing 
is about 90 times higher than fixing it during requirements analysis. Therefore, Requirements 
Validation is carried out with the aim to identify and correct these errors early on rather than 
later when the software will be designed and coded [61. 

Requirements validation activities are performed to ensure the following desired properties: 

Correctness: The formalized requirements should reflect user intentions accurately, 
resulting in software system that behaves as expected [5]. 
Consistency: There should be no internal contradictions in the requirements 
specification [5,6,21]. 
Completeness: It should be ensured that the requirements model does not omit any 
essential information about the problem domain. [6,21] 
Non-ambiguity: Requirements should be clear in the sense that they cannot be 
interpreted in more than one way [6]. 
Feasibility: It is important to validate requirements to make sure they can be 
implemented in the given available budget and technology [21]. 

Depending upon feedback and validation results, the requirements model is modified until it 
corresponds to the user's expectations [6]. Since requirements have to validated against user 
and customer intents, their active participation is of utmost importance for success of the 
process [S ,  61. 
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3.2 REQUIREMENTS VALIDATION TECHNIQUES 

Various techniques are employed to validate requirements for different properties. Different 
techniques for validation may appear to be more suitable for some kinds of applications than 
for others. The widely employed techniques for validation are [6]: 

Prototyping 
0 Animations 

Inspections 
Natural Language 

3.2.1 PROTOTYPING 

A prototype is an operational model of the application system [22]. It is used to explore the 
essential features of a proposed system through practical experimentation before its actual 
implementation [26, 281. It implements certain aspects of the future system thus only 
demonstrating selected parts of the desired system [22, 261. Prototypes are categorized into 
throwaway and evolutionary and can be horizontal or vertical depending upon the nature of 
requirements that have to be implemented. 

It is impossible to have a complete, consistent and fmed requirements document as a starting 
point for the technical construction of a software [22,24]. Requirements change because with 
time individuals get a better understanding of what they actually want from the software 
system and thus are better able to articulate these intents [24, 271. Prototyping assists in the 
discovery and validation process of these requirements [22, 251. You can never assume that 
the requirements are valid. I t  is imperative that they be inspected by lots of eyes and from 
various different perspectives [25]. Prototypes are concrete, tangible and illustrative in nature 
and provide a basis for evaluating the written specification thus facilitating in bridging the 
gap between the requirements specification and the actual user' intents, needs and wishes [6, 
22,23, 251. 

Prototyping assists in [6,22,26]: 

Clarifying any relevant specification or development problem. 
Evaluating accuracy of problem formulations. 
Serves as a basis for discussion between the developers, users and customers 
and aids in decision-making. 
Since it is an executable model of the written specification, it supplements it 
and provides a basis for bridging the gap between the specification and the 
actual user intent, needs and requirements. 

With prototypes you do not need to rely solely on specification documents for validating 
requirements. The users are asked to validate sometbing that is closer to their real experience 
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and thus they are more capable of detecting anomalies [6, 221. Prototypes provide a tangible 
idea of the problem solution as opposed to a static requirements specification [22,25]. Thus, 
it provides the developers, users and customers with a concrete basis for [22,23]: 

Discussing requirements 
Clarifying problems 
Reaching decisions. 

Animation of a specification is "the process ofproviding an indication of the dynamic 
behavior of the system by walking through a specification fragment in order to foNow some 
scenario" [29]. In its simplest form animation is a sequence of steps including gathering, 
processing, pictorial rendering, anatyzing and interpreting of data [35]. 

Animation provides an interactive and user-friendly environment for validating requirements 
[32] and establishes a cooperative atmosphere between s o h a r e  engineers and customers for 
requirements understanding [34]. It bridges the communication gap between various 
stakeholders by providing complex information and concepts in a form that is tangible and 
easily comprehendible [30, 31, 331. It promotes improved comprehension and shared 
undetstanding by representing the requirements in a more direct and engaging manner, 
permitting stakeholders to see requirements, gain awareness and assist them in making 
requirements related decisions [35]. 

A key factor for success of requirements validation is improved communication and shared 
understanding between various stakeholders [29]. Shared understanding is impeded by the 
need to browse through disjoint textual requirements and accompanying models [35]. 
However, animation facilitates this between the customers and the developers by providing 
information effectively via graphical representations that provide a closer match to the mental 
model of users than textual models and improve understanding [3 1,33,35]. 

With the help of visual validation, customers are able to identify shortcomings in 
specifications and suggest changes more easily as compared to textual information [34]. 
These visual artifacts can be as simple as hand-drawn sketches and as elaborate as advanced 
interactive experiences [35]. However, it is important to find a suitable graphical 
representation keeping in mind the type of information and the target audience, since 
untrained customers cannot be presented with abstract representations that might bewilder 
them and take them time to comprehend [33]. 

3.2.3 INSPECTIONS 

Inspection is a highly collaborative technique used to uncover defects and find errors in 
software artifacts like requirements specifications [36, 371. Inspections involve meetings that 
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benefit from the synergistic effect of a group of people working together and moving towards 
a common goal [36]. Inspections involve a formally defined process in which inspectors 
examine and record defects individually and then in the form of a group [37]. Inspections 
usually involve the following sequence of steps [37,38,39]: 

Planning: It involves identifying the target material, selection of appropriate 
participants (assigning roles) and making a schedule for the meeting. 
Overview: It involves providing the inspection team a brief introduction of the 
document under inspection. 
Preparation: It involves individual review of the document in which inspectors create 
their fault lists. 
Inspection: A group meeting, generally face to face, is conducted to discuss and find 
additional defects. An action list is developed for necessary activities to be performed. 
Rework: Documented defects are addressed by the author of the document. 
Follow-up: The moderator checks that all reported defects have been dealt with and 
that no new defects have been introduced. A re-inspection is scheduled if necessary. 

Thus, the inspection process involves fault collection and discussion. It involves individual 
review of documents not constrained by place or time [38]. The discussion however is 
traditionally a same time and same place meeting 1391. 

3.2.4 NATURAL LANGUAGE 

Natural language is a widely practiced technique for validating requirements [6, 401. Analysis 
of problems usually starts from interviews with the customer or from available user 
documentation and both are heavily based on the use of natural language [40]. Even 
unorthodox techniques like observation of user's working environment or capturing users' 
work with a video camera require translation into natural language [40]. 

It is important for the customer to perform an informed validation of the requirements, which 
is only possible if he is able to understand the representations the analyst has employed for 
the requirements model [40, 411. Usually the users have limited or no knowledge of these 
formal models. Thus, to establish a shared understanding NL has to be used [6,40, 421. 

The use of natural language to state requirements has several benefits [42,43]: 

Natural language is universal; any type of requirement in any kind of 
application domain can be described. 
It is flexible; requirements can be described rather abstract or quite detailed. 
Finally, it is wide-spread; everyone can read and write such requirements. 
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3.3 GLOBAL SOFTWARE DEVELOPMENT AND REQUIREMENTS 
ENGINEERING 

Requirements engineering is a task that is difficult enough when done in a traditional 
collocated environment but it becomes even more difficult when stakeholders have to specify 
requirements across cultural, language and time zone boundaries [14,20]. 

Various issues of global software development negatively affect the process of requirements 
engineering. Lack of understanding, lack of awareness of local working context, reduced 
level of trust among stakeholders, impeded ability to share work artifacts relevant to 
development of requirements and cultural differences all challenge the effective collaboration 
of distributed teams [14, 201. A model of how various issues of GSD impact requirements 
engineering is presented in [14] and depicted in figure 2. 

Requirements engineering is a communication intensive task [19]. The main challenge of 
global software development on requirements engineering phase is the difficulty to 
communicate and coordinate [14, 19, 201. RE requires coordination among application 
domains, interdependent modules, tasks and people [ll]. Team members coordinate their 
tasks by communicating and developing a common understanding of the work, organization 
and its goals and knowledge about other players in the project; these activities however are 
more difficult to achieve in a distributed team than in a collocated one [l  11. 

Figure 2: Effect of challenger of GSD on RE activities 
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4 REQUIREMENTS VALIDATION TECHNIQUES IN GSD 

RV is an extremely communication-intensive activity and requires interactions between a 
diverse group of stakeholders [6] .  Relevant project stakeholders need to review the 
requirements to ensure accuracy, completeness and optimal level of detail to deliver software 
that truly meets the business needs. Given the differences in their backgrounds, skills and 
knowledge, increased communication is required to bridge the gap between them 171. 

Improper communication is reported to be one of the main causes of defects in requirements 
[S]. These communication problems are exacerbated in GSD [20] and pose a challenge to the 
process of canying out requirements validation activities. As mentioned earlier, no RV 
techniques exist that specifically cater to the needs of a GSD context. Traditional RV 
techniques are employed but there is a need to evaluate their effectiveness in carrying out 
validation tasks and find out how well they deal with the communication and coordination 
issues of GSD. For this purpose a framework is proposed to evaluate these individual 
techniques and then compare them to determine their levels of effectiveness. This framework 
is discussed in the next section. 

4.1 FRAMEWORK FOR EVALUATING COMMUhTCATION AND 
COORDINATION ISSUES IN RV TECJiNIQUES M GSD 

We propose a four-dimensional framework, adapted from [7], to evaluate and compare 
various widely used, collaborative RV techniques. The choice of dimensions for the 
framework is based on a review of the literature pertaining to communication and 
coordination problems in GSD, communication and coordination requirements for a 
particular technique and factors that enable and influence communication and coordination in 
a geographically distributed environment. This framework is presented in Fig. 3. 

Stakeholder 
sel&on and 
participation 

I I 
CMlrnunicabon and Communicabbn and 

Cowdination Twhique Cmrdination Issues in 
Aet~ities GSD 

I I 

Mode (L Media 

Figurr 3: Fow-dimemional view on technique (adapted €mm [7]) 
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The following subsections elaborate on each of these framework dimensions, providing a 
brief description along with the rationale for including it in the framework. 

4.1.1 STAKEHOLDER SELECTION AND PARTICIPATION 

Over the years, many information technology systems have failed to deliver up to the 
required expectations of the users. Inadequate involvement of the users is cited as the major 
factor contributing to this shortfall between expectation and reality [44]. 

The stmctured design methods used for developing software systems require active user 
participation. Different users at different levels in the organization play different roles in the 
RE process. Each of these roles has a varied set of responsibilities that must be recognized in 
advance to mitigate the act of assigning people based purely on availability and convenience 

Selection of appropriate participants for validation purpose is a prerequisite to the success of 
the process. Communication will be rendered ineffective by the presence of inappropriate 
people whose contribution to the process will be limited [7J Relevant users from appropriate 
levels have to be selected depending upon the type of requirements that are to be validated by 
a particular technique [44]. 

Some requirements might need a technical review for which end users might not possess the 
necessary skill; such a case would require expert judgments. There might be artifacts that 
require IT specialists and users both. Similarly, signing off requirements and making critical 
decisions would require the presence of managers with seniority and authority in the meeting. 
Therefore, to ensure valid assessment of requirements, right set of stakeholders from 
appropriate levels of hierarchy must be selected [44]. 

The different roles identified in 1441 for users are: 

Top management role 
Middle management mle 
User representatives 
End users 

For effective requirements validation, contacting the appropriate roles in the remote 
stakeholder group is exkemely significant [48]. 

Selection and participation of appropriate stakeholders is critical for the success of 
requirements validation. This identification is difficult to achieve in collocated software 
development and is exacerbated in geographical context. This is because of lack of face-to- 
face (f2f) meetings that help getting acquainted with different people who have varying 
expertise and skill sets at the distant sites and provides a basis for initiating contact with the 
relevant people at appropriate times. 
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4.1.2 COIM~MUMCATION & COORDINATION ACTIVITIES 

Communication activities are those that involve formal or informal information exchange 
between all stakeholders in a project [7]. Identifying the C&C activities involved in a 
technique would assist in understanding the particular nature of these activities, the degree of 
collaboration it necessitates between the various stakeholders and the sort of mechanism that 
can be employed to best support these activities in a global environment. 

4.1.3 COMRlCTNICATION & COORDINATION ISSUES IN GSD 

The fundamental problem of GSD is that many of the mechanisms employed for 
communication and coordination in a collocated setting are disrupted [2, 171. Communication 
problems exist in traditional forms of software development as well [45], but they are 
exacerbated by global distribution [2, 171. Following are the factors that affect 
communication in a global development context: 

4.1.3.1 PHYSICAL DISTANCE 

Physical distance between sites profoundly affects the ability to collaborate [2]. There are 
fewer chances to contact people at the distant site and thus communication is much less 
frequent and much less effective [2]. Additionally, traveling difficulties, including t~aveling 
time and airfares, reduce the chances of face-to-face meetings that are the richest form of 
communication [2,46]. 

4.1.3.2 LANGUAGE AND CULTURE 

Socio-cultural distance (language and culture) also poses a challenge to communication and 
coordination activities in GSD [2, 17, 461. When communicating in a non-native language 
there is a higher possibility of sending unintentional messages [46]. Language barriers affect 
the transfer of knowledge of requirements to system analysts [3,47]. In addition, terms and 
concepts vary across different countries and organizations; therefore, special attention has to 
be paid on how things are expressed [46]. Cultural differences, both national and 
organizational, further exacerbate the communication problem in global context by increasing 
the chances of misinterpretations [2, 17,461. 

4.13.3 TIMT ZONE DIFFERENCES 

Different time zones place a burden on communicative relationships between sites [17]. 
Communication between the sites has to be carefully planned since the time zone difference 
reduces the window of synchronous communication between the sites [17, 461. Direct 
communication, which is the means for quickest feedback, becomes an extra effort since it 
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has to be carried out very early in the morning or late at night [3, 171, thus straining the 
relationship between the two sites [46]. Time zone differences therefore delay the 
communicative process [17]. 

4.1.3.4 LACK O F  INFORMAL COMRlZTNICATION 

Informal communication plays an important role in trust relationship building and 
additionally, plays a significant role in resolving ambiguity [3, 461. Lack of informal 
communication in global context is a cause of many problems including lack of context, 
unresolved issues, misalignment and rework [I, 31. Formal communication is required for 
important decision-making meetings and requires a clear interface for sharing critical 
information [I,  461. Network connection problems can cause delays and reduce the 
effectiveness of the meeting [46]. 

4.1.3.5 SHARED UNDERSTANDING 

Shared understanding of requirements is hindered by various factors in GSD. These include 
infrequent or nonexistent Qf meetings [46], differences in national and organization cultures 
[2,3], lack of context [3] and ineffective remote communication across sites [3]. 

4.1.3.6 TRUST 

Collocated teams build trust through informal communication [3, 461. Distance however is 
an impediment to building trust relationships since it makes informal communication 
impossible [2]. Lack of trust is constrains and inhibits effective communication since it 
results in irregular flow of information across sites. 

4.1.3.7 IT  INFRASTRUCTURE 

In global development, communication channels are often supported electronically [17, 461 
and therefore, incompatible IT infrastructure is an impediment to effective communication. 
Different operational platforms, incompatible requirements and development tools, 
application version problems and network comection and reliability issues obstruct the 
process of effective and timely communication [ l ,  17, 461. 
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4.1.4 COMMUNICATION MODE AND MEDIA 

4.1.4.1 COMMUNICATION MODE - SYNCHRONOUSIASYNCHRONOUS 

Synchronous and asynchronous communication each comes with its own set of pros and 
cons. Synchronous communication ensures faster feedback and improved understanding [17]. 
However, language difference can create a problem in this mode of communication since it 
requires instantaneous response and does not allow time for reflection on one's response to a 
query. Asynchronous communication on the other hand allows time to think on a response 
and be careful in language and expression [47] but usually results in delayed feedback which 
can result in unresolved issues [17, 461. Asynchronous communication also causes the 
problem of information overload [I 81, which can further delay response. 

4.1.4.2 COMMUNICATION MEDIA 

Selection of communication media for carrying out requirements engineering tasks has an 
impact on the effectiveness of the process [2, 481. Different communication media is 
appropriate for carrying out different kinds of interactions [49, 501. It is important to choose a 
media for communication depending upon the task, its complexity and its requirements for 
media richness [49]. 

There are various theories regarding media choice and its effectiveness. Social presence 
theory [49] predicts the media that individuals will employ for particular kinds of 
interactions. According to media-richness theory [49], task performance improves with the 
selection of a medium with appropriate richness. Media richness is a medium's information 
carrying capacity in terms of feedback, channel, source and language. 

The types of information and communication technology include auditory, visual and textual 
media [SO]. According to [SO], a single medium is not enough for canying out a particular 
task. Using complimentary modalities helps people best accomplish status, information and 
problem-solving tasks. Successive Information and communication technology i.e. mixed 
media is required for efficient and effective completion of tasks [50, 531. 

4.2 EVALUATION OF RV TECEVIQUES BASED ON FRAMEWORK 

The following sections present the evaluation of the widely used requirements validation 
techniques based on the proposed framework to gauge their effectiveness with respect to 
communication and coordination in global software development. 
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4.3 EVALUATION OF PROTOTYPKNG TECHNIQUE 

The following sections provide an evaluation of the prototyping technique for requirements 
validation according to the framework dimensions. 

43.1 STAKEHOLDER SELECTION AND PARTICIPATION 

For effective requirements validation, contacting the appropriate stakeholders at the 
remote site is consequential [48]. 
Usually there is a multiple layer of stakeholders and the client communication might 
be routed through client's IT department and business community [48]. There is a 
high chance of introducing misinterpretations and misunderstandings in stakeholders 
needs at each communication level [3, 481. Therefore, direct communication with the 
end users, who will be actually using the final software product, is necessary to ensure 
the adequateness of the prototype and thus the effectiveness of requirements 
validation [3,24,27,48]. 

4.3.2 COMMSJNlCATION AND COORDINATION ACTIVITIES 

Requires Negotiation between the client and the developers [27] to prioritize set of 
elicited requirements to ensure that there is no gap between what the client wants and 
what the prototype can provide [28]. 
It is important to pre-decide the level of detail and sophistication of the prototype and 
the tool that is going to be used for its development [58]. 
The purpose of the prototype has to be made clear to the end-users right from the 
beginniig to avoid any future misunderstandings [23,24]. 

o It might give users the unrealistic expectation that there would a complete and 
working system in a short time [24]. 

o Given too much access to the prototype, end-users may equate the 
incompleteness and imperfections in the prototype with shoddy design [24]. 

Negotiation is required to deal with unrealistic expectations on the users' part [24]. 
User interaction with the prototype has to be properly monitored and con*olled [23, 

241 
o The prototype might let the users visualize increased functionality without 

considering the cost of added features [24,27,28]. 
o A visual prototype might result in the user asking for frequent changes [24, 

271. 
A controlled setting is required to keep the user expectations at a reasonable level 

[241. 
Developers might want to administer the demonstration of certain requirements, 
which are more ambiguous and more likely to cause a conflict, themselves [24]. 



Chapter 4 Requirements Validdon Techniques in GSD 

43.3 COMMUNICATION & COORDINATION ISSUES IN GSD 

43.3.1 PHYSICAL DISTANCE 

While validating requirements by means of a prototype, F2F meetings help gauge the 
level of involvement and engagement of the users in the process [57]. 
To manage any misunderstanding or misconceptions on the users' part the developers 
need to administer the process of validation personally [17]. However, f2f meetings 
are infrequent or almost absent in most cases because of airfares and travel time [13, 
46, 591 and it is impossible to read the social cues that help gauge the co-participator's 
reaction and enable to respond accordingly [56, 571. 

43.3.2 LANGUAGE AND CULTURE 

In global context, it is difficult to get the correct requirements communicated &cause 
of cultural and language differences [17]. Language differences result in ambiguities 
and misunderstandings. Different national and organizational cultures have different 
communication styles and ways of shariig information. 
However, prototyping provides a concrete basis for getting better understanding of the 
requirements from both user and developers' point of view [22]. 

o They form a basis of discussion and aid in decision-making [22]. 
o They work as an interaction medium between the clients, users and the 

developers [27, 281. 

433.3 DIFFERENT TIME ZONES 

Timezone difference presents a problem in canying out communication [55] and 
places a burden on communicative relationships [17]. Same time communication 
becomes an extra effort since it will have to be carried out either very early in the 
morning or late in the evening [58], thus straining the schedule of at least one of the 
parties involved in the process. 
Quick feedback and appropriate suggestions from the users are necessary to avoid 
delay and rework [24]. In global context, this is possible through synchronous 
communication but because of time-zone difference, this window of synchronous 
communication is reduced [17]. 

43.3.4 LACK OF INFORMAL COMMUNICATION 

Lack of informal communication in global teams negatively affects relationship 
building, which is important in requirements negotiation and hence in requirements 
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validation [48]. This relationship building is also important in providing stakeholders 
with the context needed for disambiguating the meaning of particular requests [48]. 

0 Lack of well established relationship does not encourage impromptu conversations 
that can play a role in enhancing the shared understanding and improved 
communication [48]. 

43.3.5 SHARED UNDERSTANDING 

. It is difficult to establish shared understanding among a globally distributed team 
because of difference in national and organization cultures and native languages [22, 
541. 
Prototyping, however, helps in establishing a shared understanding of the 
requirements [22] since prototypes are tangible and illustrative and help removing 
misalignment of understanding and inconsistencies that othemise might go 
undetected in specification documents [22]. 
Validation through prototyping can enhance the communication and cooperative 
nature of working between users and designers [7]. 

433.6 TRUST 

Misunderstandings and misconceptions frequently occur because of geographical, 
temporal and cultural distances [59]. These might cause mishust and discord between 
the distributed teams [48], which result in reduced cooperation, and irregular 
information flow between teams [8]. 
It is important to make clear the intent and purpose of the prototype. Any 
miscomprehension on the user's part on the size, sophistication or purpose of the 
prototype might lead to damaged trust and the associated problems [27]. 

43.3.7 IT INFRASTRUCTURE REQUIREMENTS 

Requirements validation through prototyping requires making a working prototype 
available to the client side over the distance. For this purpose IT infrastructure at the 
distributed sites has to be standardized [17] as use of different platforms at any levels 
(OS or development tools etc) can lead to incompatibilities [17, 551. These 
incompatibilities are usually hard to fmd and time consuming to f~ over the distance 
[17] and might cause additional costs [55]. 
Reliability and usability ofthe network should be satisfactory [46]. 
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4.3.4.3 COMMUNICATION MEDIA 

Audio 

Requirements validation is a communication intensive activity and requires shared 
understanding between clients and developers. 
Noisy telephone l i e s  with delays and echoes and possibly heavy accents can pose a 
serious challenge in communicating project critical information [ l q .  
Due to language differences and heavy accents, people prefer to avoid communicating 
important information over telephone conversations [17]. 
If team members do not know the recipient very well they avoid using phone as a 
means of communication and prefer communicating through synchronous or 
asynchronous text messages [17]. 
Through phone conversations, communication between the team members is neither 
recorded nor stored in a data repository, which might pose a challenge for future 
reference [l8]. 

Video 

Videoconferencing can be used to accommodate for the loss of richness due to lack of 
f2f meeting, however, people are usually reluctant to use this tool [ l q .  
Many IT professionals shun videoconferencing because of various behavioral 
problems such as the awkwardness of intempting or the inability to see all 
participants 1601. 
However, videoconferencing has been found out to be effective for carrying out 
requirements validation in global context [48]. In addition, prototypes act as a means 
of enhancing the communication between the two parties 125,271. 

Issues with network reliability and usability might present hurdles when 
demonstrating and validating the prototype by means of video conferencing [46,55]. 

o Slow network connection or frequent server failures cause not only frustration 
but increase the waiting time. 

o This requires ensuring presence of appropriate technology for canying out the 
required communication at both sites. 

Text 

Many offshore developers' written language skills often are much better than their 
spoken language skills [17]. 
If instant feedback is required then chat can be used to communicate [ l q .  But with 
chat one loses some of the richness of tonal expressions from a phone call [ l q .  
If synchronous communication is difficult, email can be used to share the necessary 
information [17]. However, feedback via email might delay the project and slow 
down the development process [17]. 
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Asynchronous written communication (email and fax) automatically leaves a 
communication history [60], which can be referred to at later times. 
Too much asynchronous text communication can result in information overload and 
may result in due consequences if a critical message is not responded to in time [18]. 
It can result in productivity loss and cause rework and delay [18]. 

4.4 EVALUATION OF ANIMATION TECEINIQUE 

The following section evaluates the animation technique with respect to the h e w o r k .  

4.4.1 STAKEHOLDER SELECTION AND PARTICIPATION 

Customers who are funding the project, domain analysts and end users who will be actually 
using the software to carry out their job tasks all need to validate the visualizations to ensure 
that what they depict is in accordance with their needs and intents. They can report problems 
and detect opportunities for new features [62]. 

4.4.2 COMMUNICATION AND COORDINATION ACTIVITIES 

The visualized requirements have to be made available to the client for validation [32] 
so that they are able to identify if the developer's view of the system requirements 
coincides with their own [33]. 
Exercising the requirements specification by means of an animation requires the users 
to provide various inputs and observe the resulting behavior [34]. Users might require 
developer's assistance in a few cases to understand certain system behaviors. 
Exercising the requirements enables the users to identify any shortcomings or . 

describe missing or additional requirements [34]. Effective communication is required 
to comprehend these requirements to accommodate them. 
The visual artifacts developed as a result of this technique can be as crude as a hand- 
drawn sketch or as elaborate as interactive experiences [35]. The developers and the 
clients must decide upon the purpose of this process prior to incorporating it into the 
requirement engineering process. 

4.4.3 COMMIJNICATION AND COORDINATION ISSUES IN GSD 

4.43.1 PaYSICAL DISTANCE 

Physical distance makes it impossible to carry out the demonstration of an animation 
in a f2f meeting. Temporal and geographic distances also create a problem and make 
communication less effective [59]. Narration describing the animation can be attached 
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to the animation or visualization [33]; it might not be a replacement for t2f 
communication but can provide with a good alternative as per needs of geographical 
distribution. 
Additionally, visualization technique in itself provides with an effective medium by 
means of which requirements of a system can be discussed, further explored and 
negotiated [30, 351. 

4.4.3.2 LANGUAGE AND CULTURE 

Reliance on natural language for requirements specifications is one of the main 
sources of ambiguity; it is verbose in nature and thus enables incorporating irrelevant 
information [33]. Cultural and geographical issues exacerbate the communication 
issues related to natural language [33, 481. However, visualization provides 
requirements information with graphics and animations along with textual 
explanations where required [33]. These pictorial representations are easier to 
understand [32, 331. Additionally, improved understanding from simulations helps in 
clarifying requirement details [32] and provides a more tangible form for discussion 
as compared to purely textual documents that might contain details in ambiguous 
language promoting misinterpretation and misunderstandings [9]. 

4.4.3.3 TIME ZONE DIFFERENCES 

As is the case with other techniques, time zone difference makes it difficult to carry 
out synchronous validation of requirements through animation. 
Quick feedback from the usen is required to ensure understanding and avoid rework 
and delay. However, with time-zone differences the window of synchronous 
communication is reduced [17]. 
Even if the visualization is complimented by narrations at appropriate points [32] to 
enhance understanding and avoid assumptions, language difference, choice of words 
and terminology difference can create a problem [9]. It would be preferable to solve 
the issues as soon as they arise but that is not always possible because of temporal and 
geographical distance separating the user and developer sites [59]. 

4.4.3.4 LACK OF INFORMAL COMMUNICATION 

Informal communication plays an important role in building relationships, which play 
a role in understanding and disambiguating requests [48]. Improved relationship 
encourages open communication, which results in better requirements gathering, and 
relatively accurate requirement representation. Additionally, it develops patience 
among the team members and reduces the chances of misinterpreting and 
misconstruing comments on the artifacts while validating [9]. 
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4.43.5 SHARED UNDERSTANDING 

A key obstacle to requirements validation is the lack of shared means of 
communication between the developer and the customer [34]. This communication 
gap exists because the customers and developers are usually ignorant of each other's 
respective domains and it is difficult to express and elaborate ideas that the other can 
understand [33]. 
In global perspective, different cultures and native languages result in different 
perceptions that cause misunderstandings [9] and are a hurdle in the way of forming a 
shared understanding. 
By means of animation and visualization, information can be represented in a way 
that is easier to understand [33], that in turn enhances the communication between the 
various stakeholders [32, 33, 341. Animation (complimented by narration) has a 
positive impact on the level of domain understanding attained by participants [32]. 
With reduced communication gap and improved domain understanding, it is possible 
to clarify understandig and promote shared agreement of the requirements [35]. 

4.43.6 TRUST 

Trust among stakeholders improves the requirements engineering process since it 
encourages the team members to openly discuss issues and listen to the other's point 
of view with patience [63]. It can encourage impromptu conversations that improve 
communication and help form shared understanding between the stakeholders [48]. 
Common understanding of requirements results in their accurate visual 
representations and thus reduces the chances of rework and delay. 

4.4.3.7 IT INFRASTRUCTURE REQUIREMENTS 

The requirements visualizations and animations have to be made available to the 
client over the distance. Since the nature of animations varies from simple visuals to 
elaborately interactive experiences [35], it has to be made sure that they can be tun 
over at the other site. Various tools are available that allow displaying an animation 
and interacting with it over the web [61]. 
Even if MS-Office Powerpoint is used for creating the animation [32], version 
incompatibility can still cause a problem at the site. Hence, it is necessary to ensure 
that the other site has all the necessary requirements fulfilled for running the 
requirements model. 
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Text 

This technique makes use of pictorial representations for depicting system behavior 
[33]. Textual information is used at places where further clarification is required. 
However, according to [32] there is a higher level of understanding from narratives as 
compared to written text descriptions. 

4.5 EVALUATION OF INSPECTION TECHNIQUE 

The following sections provide an evaluation of inspection technique based on the proposed 
framework. 

4.5.1 STAKEHOLDER SELECTION AND PARTICIPATION 

Defect detection rate through inspections is highly dependent on the personnel who 
take part in it; the more able the people who participate, the more effective the 
inspection 1393. 
It is important to identify experts for inspection who are familiar with any notations or 
domain terminology etc used in the artifact under inspection [39]. This is important to 
make sure that the inspectors are able to contribute fully to the process. If they are 
unable to understand the conventions, they will have the additional task of getting 
acquainted with the application area and the notations to reach an acceptable level of 
fluency [39]. As a result, they will have less time to review the artifact. 
This requirement of specialized inspectors is better catered-for in asynchronous 
meetings. Since their domain expertise is called upon frequently, they can contribute 
in their own time [39]. This will also remove the blocking factor i.e. the delay caused 
in scheduling a meeting at a mutually suitable blockof time for everyone to be able to 
attend [39]. 
Moderator plans the meeting and identifies the inspectors for reviewing an artifact 
[39]. He has to have knowledge of the personnel available over distributed sites and a 
mechanism to identify the required expertise. 

4.5.2 COMMUhTCATION AND COORDINATION ACTJMTIES 

It requires assigning roles and responsibilities to the participants of the inspection [36, 
371. 
Meeting place and time has to be scheduled and coordinated to ensure that all 
appropriate people can participate 1361. 
It requires providing the participants of the inspection an overview of the artifact that 
is to be reviewed [64,66]. 
Reviewers individually studying the artifacts might require communication with the 
authodproducer of the artifact to clarify some ambiguities or remove confusions 136, 
641. 
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Carefully moderated interaction is required to avoid any occurrences of interpersonal 
conflicts [64]. 
It requires continual moderation to make sure discussion is not sidetracked [36,64]. 
The team must be able to coordinate their activities to ensure that goals of inspection 
are met and deadlines are adhered to [38,39]. 
Any modifications made or defects corrected have to be communicated back to the 
reviewers [39]. 
If a re-inspection of the artifact is required, meetings again have to be scheduled [39]. 

4.5.3 COMMUNICATION AND COORDINATION ISSZTES 

4.5.3.1 PEWSICAL DISTANCE 

Inspections require simultaneous attendance and involvement of expensive human 
technical resources for reviewing an artifact [38, 64, 651. 
F2F meetings contribute more towards synergistic effect as compared to electronic 
media [36, 391. However, these are not always possible in global context because of a 
number of reasons including high airfares and the travel time involved [13,38,46, 591 
and the extensive task of coordinating and arranging a meeting that accommodates the 
schedules of all participants [38]. 
However, inspections carried out through electronic media are less costly as compared 
to setting up f2f meetings [64,66]. 
Physical distance makes it difficult to better understand the justification behind a 
particular defect. Electronic media is not always effective in clarifying others' 
contributions [36]. 

4.5.3.2 LANGUAGE AND CULTURE 

Different organizational and national cultures have different communication styles, 
which might not be amenable across the multiple sites [18]. Different native 
languages h i d e r  the process of effective communication giving rise to ambiguities 
and misunderstandings [9]. 
Clarifying these ambiguities and confusions might take time when these meetings are 
carried out over distance [36]. 

o The justification behind the defects might not be explained clearly [36]. 
o Clarification provided might be equivocal, increasing chances of confusion 

and misunderstandings [36]. 
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4.63.4 LACK OF INFOFtiMAL COMMUNICATION 

Natural Language's inherent ambiguous nature calls for continuous communication 
between the clients and the developers to resolve issues in a timely manner to avoid 
rework and delay 1481. ~ o k e v e r ,  in GSD since informal communication is almost 
nonexistent [2, 3, 48, 751 and people find it difficult to identify people at the remote 
site and contact them for essential information [47]. 
Informal communication is required to build a good working relationship; it ensures a 
better flow of information [47, 591 and plays a role in disambiguating particular user 
requests, providing with the context to better form an understanding of a requirement, 
its need and its priority [48,78]. 

4.6.3.5 SEIARED UNDERSTANDING 

Natural language is universal, flexible and widespread but inherently ambiguous [43, 
701. Words can have several meanings. With natural language does not always 
promote a shared understanding, stakeholders can have different interpretations of the 
same requirements [74] without even knowing [43]. Conflict in common 
understanding of requirements is also attributed to differences in both functional and 
national cultures [3]. This consequently results in a system that does not behave as 
intended by the users. 
The most recommended solution to ambiguity problem is the use of formal or semi 
formal requirements specification languages [43]. Translating natural language 
requirements into a formal representation might remove ambiguity by choosing one 
of the interpretations of that requirement but it does not mean that the chosen 
interpretation is the correct one [43]. 
Reaching common ground and shared understanding requires uncertainty and 
equivocalilty reduction [79]. Uncertainty reduction is better handled by lean media 
while equivocality reduction is better handled by rich media [79]. 
Hence, media also plays an important role in effectively getting across tbe intended 
meaning [SO] and establishing shared understanding [79]. Therefore, great 
consideration has to be put in its selection depending upon the intent, content and 
urgency of the message. 

4.6.3.6 TRUST 

In natural language, what might be considered common sense by one can be easily a 
surprise to a person coming from a different cultural background [40]. Often these 
inconsistencies and ambiguities go unrecognized causing delays, rework and often 
damaged stakeholder relationships [ I ,  18,481. 
Any statement in natural language can be ambiguous; however, Requirement 
Engineering context helps in disambiguating it [43]. This context develops through 
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4.5.3.3 TIME ZONE DIFFERENCES 

There are specific areas of requirements that require extensive and timely 
communication to develop a common understanding [38]. However, time-zone 
differences hinder effective communication that is necessary to develop a shared and 
common understanding [17,55]. 
Resolving these issues asynchronously might take too long and there is a possibility 
that it might pass on equivocal messages [38]. 

4.5.3.4 LACK OF INFORMAL COMhlUNICATION 

For effective inspection, it is imperative to have a team of members who have the 
expeiiise and domain knowledge required for inspecting the particular requirements 
artifact [39]. Although different social nehvork tools are availablc, people usually 
make use of personal contact lists to recommend expertise in specific situations [13]. 
These contacts develop through informal communication [n]. Lack of informal 
communication therefore poses a challenge in identifying the required expertise for 
inspection purposes. 
Informal communication also plays a role in establishing good working relationship 
with other team members and improves interpersonal interaction [59]. This helps in 
understanding context of discussion, and thus reduces the chances of 
misinterpretations 191, and does not have a negative impact on the productivity of 
meeting sessions. 
Informal communication is also required to build trust among the members, which 
plays an important role in effective interaction [63]. 

4.5.3.5 SHARED UNDERSTANDING 

Shared understanding of the artifact under discussion is necessary to keep the 
inspection process productive. Any conflicts or confusions have to be taken care of so 
that rework can be avoided [46]. 
It has to be made sure that the participants are all on the same page [13], however this 
is a challenge in distributed environment. Diversity in culture, education and 
communication styles can result in varied perception and understanding of the same 
problem [n, 01, it is therefore imperative to ensure that everyone has a common 
understandig of a given concept. 

4.5.3.6 TRUST 

Among unacquainted team members, initially there is a lack of trust [63]. Trust 
develops among members when they come to know each other [3] and when they 
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realize that they are working towards a common end [63]. Since there is a lack or 
absence of f2f meetings in a global context [13, 4-51, establishing trust presents an 
even bigger problem. . Requirements validation is an extremely communication-intensive process [6], 
however lack of trust inhibits effective communication [63]. Inspection involves 
identifying defects and discussing them; it is important to convey the  context of my 
comment as well lest they be misconstrued and give rise to bad feelings among the 
members [63]. . Lack of trust gives rise to uncharitable interpretation of other's behavior when 
disagreements arise [63]. This causes hard feelings and delay in clarification 
conflict resolution [63]. . For effectiveness of the technique, it is important to encourage interpersonal 
relationship and trust building between the team members. This will provide them 
with patience when it comes to resolution of issues and hearing others out [63], 
Informal communication plays a role in achieving this but its lack is one of the major 
challenges of global software development [9,63]. 

4.5.3.7 IT INFRASTRUCTURE REQUIREMENTS 

. Moderately fast internet connections are required to ensure timely Communication 
among the members of the inspection team [38]. 

0 Different platforms employed at the multiple sites might create a problem when it 
comes to sharing documents and other artifacts. Even if same applications are being 
used, version mismatch can still cause a problem [63]. 

4.5.4 COMMUNICATION MODE AND MEDIA 

4.5.4.1 SYNCHRONOUS MODE 

If a synchronous meeting is to be setup to cany out the inspection, then extensive 
communication and coordination between the sites is required to set up a time and schedule 
that is convenient to all the participants [38]. 

4.5.4.2 ASYNCHRONOUS MODE 

. When using asynchronous media for inspection, it is not necessary to wait days before 
a meeting can be set up to accommodate the busy and conflicting schedules off all 
participants [38, 391. 
Asynchronous media minimizes some of the problems generally encountered in a f2f 

meeting for inspections: 
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o Parallel communication is possible by use of asynchronous media and there 
can be multiple threads of communication at any given time [36,39]. 

o Simultaneous and parallel communication helps prevent production blocking 

[3 61. 
o It reduces the potential for domination and enables a more even participation 

among the members. This increased group interaction results in increased 
group performance [36]. 

o The inspectors can explain themselves in whatever amount of detail that is 
required [38, 391. 

The electronic media used to cany out inspection in a distributed environment 
provides with the benefit of maintaining an automatic record of all communication 
and coordination [36,39]. 

o This material can be referred back to later when required [36,38]. 
o This also mitigates the process loss associated with failure to process 

contributions if they lose their focus during the meeting [3q. 
o Documentation or commentary can be broadcasted throughout the group or 

directed to individuals as required 1391. 
There are higher chances for information overload for the individuals participating in 
the inspection through asynchronous media [36]. 

o This is because the asynchronous media allows them to participate 
simultaneously in multiple threads of discussions [36]. 

In case of asynchronous communication, it is important to moderate the process 
vigilantly, to avoid digression and wastage of time in discussing irrelevancies [39, 
641. 
At times response time of participants is slow which causes a delay in the overall 
process [38]. 

o For this moderator has to issue deadline to keep the process on track [39]. 

4.5.43 COMMUNICATION MEDIA 

Audio 

Inspection involves reviewing an artifact for its validity. Several problems occur 
when media that supports only audio conversation is used [63]. 

o It is not possible to review a file or document collaboratively. 
o It is not possible to point to places in the document or scroll the other 

persons screen to a point of interest. 
Audio conversations prove to be less effective when between people who have 
different native languages [63]. 

o It is usually hard to describe an important issue to another person in a 
second language. 

o These conversations relatively take a lot of time and effort on the 
participants' parts. 
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Time zone differences can create a problem in establishing contact with the required 
person [38]. 
Lack of visual contact leads to lowered level of awareness of presence and group 
behavior at remote sites [3]. Without a good facilitator, there can be problems in 
knowing who can be addressed regarding a particular issue and thus effective 
participation is reduced [3]. 

Video 

The necessary infrastructure required for videoconferencing sessions has an 
additional overhead. It is expensive to setup and maintain over remotes sites and its 
coordiiation over remote sites is often problematic 1531. 
Even large companies usually have limited number of videoconferencing suites 1671. 
They have to be booked way before the meeting is scheduled. These meeting are also 
constrained by time since they require the simultaneous presence of participants in 
different time zones. 

Text 

Individuals cannot monopolize airtime in asynchronous meetings as is possible in Bf  
meetings [64]. 
It is easier to be diplomatic when employing asynchronous media for inspections, 
since comments do not have to be made instantaneously [64]. In addition, recorded 
data can be changed and reformatted as and when required [64]. 
As defects are posted frequently at a single WWW location, inspectors might be 
tempted to indulge in premature discussion of the posted defects instead of pursuing 
their own individual inspections. This makes it necessary to circulate the defect lists 
only when all inspectors have posted their defect lists [39]. 
When carried out by means of m e n  communication, a database of all the messages 
provides an evidence for any formal assessment that would otherwise be solely 
dependent on opinion 1391. 
With textual communication, it is possible to thii and be careful in using language 
for the message and even research if necessary before responding [63]. It is also 
possible to attach corresponding material along with text messages [63]. 

4.6 EVALUATION OF NATURAL LANGUAGE TECHNQUE 

The following sections discuss evaluation of natural language technique based on the 
proposed framework 



Chapter 4 Requirernenb Validation Techniques in GSD 

informal interaction, trust and relationship building with other stakeholders that 
provide a person with an insight when interpreting another's statement [9,63]. 

4.6.3.7 IT INFRASTRUCTURE REQUIREMENTS 

While sharing documents between sites, it is important to consider the applications 
being used to prepare them. Even if same applications are being used, version 
mismatch and incompatibility can still cause a problem [63,67]. 

4.6.4 COMMUNICATION MODE AND MEDIA 

4.6.4.1 SYNCHRONOUS MODE 

Although there are various internet technologies available to support synchronous 
communication, stakeholders still avoid it at times since lack of a personal 
relationship does not encourage impromptu conversations for resolving assumptions 
and conflicting requirements [48, 751. 
Electronic media makes it difficult to transmit unequivocal messages and the 
ambiguity in meaning causes multiple interpretations [3]. 
For synchronous communication, the network has to be reliable and usable [46]. 
Frequent server failures or connections that are too slow can create frustration due 
increased waiting time. At times, the solution might be to switch to asynchronous 
mode [46]. 

4.6.4.2 ASYNCHRONOUS MODE 

NL is inherently ambiguous [43, 701. For shared understanding of requirements in 
NL, constant communication between the clients and the developers is required to 
remove any ambiguity or inconsistency [3]. However, asynchronous communication 
reduces the possibility of a direct feedback [17,46]. 

o Time zone difference also adds a delay to the response time which can cause 
the feeling of 'being behind' or 'missing out' [47]. 

o Non-native speakers might take long to respond to a query. They might take 
time to reflect on the question and make a thought-through response even 
though a quick feedback is preferable [47]. 

o Issues can go unanswered or delayed because of information overload causing 
rework and thus damaged relationship [la,  481. 
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4.6.4.3 COMMUNICATION MEDIA 

Audio 

Natural Language requirements do not provide a clear medium for discussion since 
NL is inherently ambiguous [42,43]. The problems of oral communication will add to 
the already ambiguous requirements: 

o It is usually hard to describe an important issue to another person in a second 
language [63]. 

o Different native language, hence accents that further create a problem [lq. 
o Quality of the communication medium also plays a role in effective 

communication. Degradation of voice quality, noise and connection problems 
with delays and echo pose a serious challenge [17,77]. 

o Because response has to be made immediately, there is no opportunity to 
reflect and correctly phrase the reply in the other language, which might cause 
misunderstanding or misinterpretation [63]. 

Video 

Long meetings through videoconferencing are usually not possible. Companies have a 
limited number of video conferencing suites that need to be booked well in advance 
[67]. Therefore, these are limited to decision level meetings [67,78]. 
NL requirements require extensive communication for clarification; however, 
videoconferencing sessions are usually limited in time because of communication 
overhead. This precludes them from ad-hoc inter-site discussions [67l. 

Text 

When NL is used for requirements specification, it leaves much room for assumptions 
and uncertainties. Uncertainty is best removed by use of leaner media like email that 
focuses on factual -information rather than emotional cues [79]. 
In written communication through chat or emails, it is possible to reflect and be 
careful in using language for the message and even research if necessary before 
responding [63]. 

4.7 COMPARITn7E ANALYSIS OF RV TECHNIQUES 

The following sections perfom a comparative analysis of the requirements validation 
techniques based on the dimensions of the proposed framework and discuss how each 
dimension affects the process of requirements validation in geographically distributed 
development environment using the particular RV technique. 
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4.7.1 STAKEHOLDER SELECTION AM) PARTICIPATION 

Selection and participation of right people is necessary to ensure effective communication in 
a process; however, a truly representative group of stakeholders is usually difftcult to achieve 
because of several constraining factors that might exclude them from participation [7]. 
Varieties of roles have to be fulfilled by users at different grades in the organization [44]. 
Their responsibilities must be recognized in advance to mitigate the act of assigning people 
purely based on availability and convenience. Relevant users depending upon skills and 
functions must be selected [7,44]. 

Prototyping: For validating a prototype, direct communication with the end-usen is 
important [24, 271. Indirect communication through multiple layers of stakeholders usually 
introduces misinterpretations and misunderstandings at each level (3, 181 and thus convolutes 
the communication. 

Animations: Validation of requirements through animations would require the presence of 
stakeholders who have direct concern with the requirements set being depicted in the 
animation/visualization. 

Inspections: Selection of participants for an inspection depends highly upon the type of 
artifact that has to be reviewed. The more able the people who participate, the more effective 
will be the inspection [39]. Therefore, the need is to identify personnel with the relevant 
domain expertise for reviewing the requirements artifact 1391. However, expertise 
identification is a much-reported problem of GSD. 

Natural Language: Selection and' participation of stakeholder when validating natural 
language requirements depends upon the technique being employed to read the requirements 
document i.e. ad-hoc reading or specific reading techniques [70,71]. 

4.7.2 COMATUNICATION AND COORDINATION ACI'Nll'IES 

Communication and coordination activities involve information exchange between the 
stakeholders [7]. Identifying the activities involved in a process would help in understanding 
their nature and hence assist in choosing the right communication mechanism to support them 
in a global environment. 

Prototyping: Validating by means of a prototype requires demonstrating it to the relevant 
stakeholders. No matter how effective f2.f meetings are for this technique, they are not always 
feasible in a global context. Depending upon synchronous or asynchronous means adopted, 
feedback has to be obtained from the users. 

Animations: Animations like prototypes require making the visualizations available to the ' . 
client for review [32] over the distance so that they can identify any shortcomings in the 
requirements or request additional requirements [34]. 
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Inspections: Inspection is the most communication intensive technique of all requirements 
validation techniques. This communication presents additional problems when canied out in 
a distributed setting. It requires multiple participants for reviewing a requirement artifact. It 
involves identification and assignment of roles and responsibilities [36, 371, scheduling of 
meetings [36], communication between the reviewers and authors for clarification of 
ambiguities in an artifact [36,64]. Additionally, communication between the participants has 
to be carefully moderated to prevent sidetracking and conflicts [36,64]. 

Natural Language: Natural language is inherently ambiguous but cultural differences, 
national and organization, in a global environment lead to increased misunderstandings and 
misinterpretations. Hence, the need for communicating about these NL requirements 
increases because ambiguities have to be removed in a timely manner to develop a shared 
understanding and to come to an agreement. 

4.7.3 COMMUNICATION & COORDINATION ISSUES IN GSD 

4.7.3.1 PHYSICAL DISTANCE 

Physical distance makes it hard to cany out f2f meetings. These meetings are either 
infrequent or almost absent in geo,mphical contexts [13,46,59]. 

Prototyping: For prototyping, f2f meeting helps the developers to administer the process 
personally to handle any unrealistic expectations on the user's part [24]. This would help in 
managing the process and avoiding any misunderstanding that might lead to damaged trust 
and thus an impediment to open communication. 

Animations: When using animations and visualizations, narrations can be attached at the 
appropriate places to describe all the important features [33]; this might not be a replacement 
of f2f meetings but provides with a good alternative in a distributed context. 

Inspections: Inspections are carried out to take advantage of synergistic effect of people 
reviewing a requirements artifact together at a single place and time [36, 391. Physical 
distance makes it almost impossible to carry out inspection in f2.f meetings. Additionally, 
coordinating and arranging a meeting that accommodates the schedules of all participants is 
an extensive task [38]. Canying out inspection electronically is less expensive than a f2f 
meeting but it is not always effective in clarifying others' contributions 1361. 

Natural Language: Requirements validation through natural language is the hardest in 
global context because with increasing physical distance, cultural differences, both national 
and organizational, also increase and there are greater chances of miscommunication and 
misintelpretation [46, 471. Removing these ambiguities requires extensive communication 
between the site, however, when there is low proximity between participants the attempts at 
establisbig communication and carrying out coordination activities diminish [76]. 
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4.73.2 LANGUAGE AND CULTURIC 

In global context, it is difficult to get the correct requirements communicated because of 
culture and language [17]. Different cultures have different communication styles and ways 
of sharing information. 

Prototyping: Prototyping provides with a concrete basis for better understanding 
requirements from both user and developers' point of view [22]. It works as an interaction 
medium [27,28] and provides a basis for discussion and aids decision-making [22]. 

Animations: Visualizations provide requirements information with graphics and animations 
with textual explanations where required [33]. These pictorial representations are easy to 
understand and help in clarifying requirements details [32,33]. They provide a more tangible 
form of discussion as compared to purely textual documents [32]. 

Inspections: During inspection meetings, different communication styles and different native 
languages can create a hindrance in effective communication. Justification behmd defects 
might not be explained clearly and could promote equivocal messages, increasing the chances 
of confusion and misunderstandings [36]. This can cause loss of productivity of a meeting. 

Natural Language: Misinterpreted requirements are the most common cause of errors in 
software [46]. In global context, misunderstanding of natural language requirements is 
exacerbated [3] because different backgrounds, perceptions and cultures result in multiple 
interpretations [18, 40, 41, 631. Even if tbe involved parties speak the same language, 
different national culture and language nuances can result in different understanding of the 
same statement [3]. Corporate culture also poses a problem of expressing requirements in 
diverse terminologies (different technical and domain vocabularies) [2, 3, 471. Different 
organizations might support different document structures and might employ varying levels 
of details adding to the overall difficulty of requirements communication in natural l a n p g e  
[46]. Therefore, natural language requirements add a communication overhead. 

4.7.33 TIME ZONE DIFFERENCES 

Time zone differences make it difficult to carry out communication [55] and place a burden 
on communicative relationships 1171. 

Prototyping: For effective prototyping, quick feedback and appropriate suggestions from the 
users are necessary to avoid delay and rework [24]. However, time zone differences make it 
difficult because the window of synchronous communication is reduced [lq. 

Animations: Although pictorial representations through visualizations and animations assist 
in developing an understanding, it would be preferable to solve issues as soon as they are 
identified. This however is not possible because of temporal and geographical distance [59]. 
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Inspections: When validating requirements through inspections, time zone differences make 
it hard to cany out a synchronous meeting. Extensive communication is required to set up a 
meeting that takes into consideration schedules of all participants [38]. Same time 
communication in these cases becomes an extra effort since it will have to be carried out very 
early in the morning or late in the evening [58], thus straining the schedule of at least one of 
the parties involved in the process. 

Natural Language: Chances of ambiguities and misunderstanding are higher in natural 
language requirements validation [42] and thus increased communication between the two 
sites is required to establish a common understanding [I I]. Temporal distance challenges this 
everyday communication and coordination [47. 

4.7.3.4 LACK OF INFORMAL COMMUNICATION 

Lack of informal communication in global teams negatively affects relationship building, 
which is important in requirements negotiation and hence in requirements validation [48]. 
This lack of well-established relationship does not encourage impromptu conversations that 
can play a role in enhancing the shared understanding and improved communication [48]. 

Prototyping: Prototyping technique for requirements validation provides a tangible and 
illustrative means for requirements validation. It has a positive impact on the level of 
understanding between the stakeholders. It enhances the communication and cooperative 
nature of working between users and designers. 

Animations: Animations [32, 33, 341 like prototyping enhance user understanding and help 
in achieving a common understanding of requirements. 

Inspections: Lack of informal communication in global context however poses several 
challenges for inspection technique. For effective inspection, team members with the required 
expertise and domain knowledge are required [39]. Although different social network tools 
are available, people usually make use of personal contact lists to recommend expertise in 
specific situations [13]. These contacts develop through informal communication [49]. Lack 
of informal communication poses a challenge in identifying the required expertise for 
inspection purposes in GSD. Informal communication also plays a role in building trust 
relationship between members, which in the collaborative nature of inspections is quite 
consequential. Additionally, it develops patience among the team members and reduces the 
chances of misinterpreting and misconstruing comments on the requirements artifacts while 
validating [9], thus preventing loss of productivity in meeting sessions. However, decreased 
or absent informal communication negatively impacts trust and relationship building in 
global environment. 

Natural Language: Since natural language is inherently ambiguous, it requires extra 
communication between the clients and the developers to resolve issues in a timely manner 
and to avoid rework and delay [48]. However, lack of informal communication results in 
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limited knowledge about the relevant people to contact for disambiguating requirements. 
Additionally, lack of a relationship does not encourage spontaneous conversations between 
the two sites for resolving issues. 

4.73.5 SEARED UNDERSTANDING 

Diversity in culture, education and communication styles can result in varied perception and 
understanding of the same pr'oblem [49, 501. It has to be made sure that all stakeholders are 
on the same page [13], however this is a challenge in distributed environment [48]. 

Prototyping: Prototypes are tangible and illustrative and help remove misalignment of 
understanding and inconsistencies that otherwise might go undetected in specification 
documents [22]. 

Animations: Animation and visualizations present information in a way that is easy to 
comprehend [33]. They have a positive impact on the level of understand'ig obtained by the 
participants [32] and thus it is possible to clarify understanding and promote shared 
agreement of the requirements [35]. 

Inspections: To keep inspection process productive it is important to have a shared 
understanding of the requirements artifact being reviewed to avoid delay and rework. 
Reaching common ground and shared understanding requires uncertainty and equivocality 
reduction [79]. Different language and varying communication and explanation styles can 
affect the development of shared understanding while carrying out inspection. 

Natural Language: Natural language is inherently ambiguous, imprecise and incomplete 
[40, 421. In global perspective, use of natural language for requirements communication 
exacerbates the problem of achieving a common understanding. Special attention has to be 
paid to the way things are expressed because when using a foreign language it is easy to send 
unintentional messages 146). Differences in both functional and national cultures also cause a 
conflict in understanding [3]. 

4.7.3.6 TRUST 

Requirements validation is an extremely communication-intensive process; however, lack of 
trust inhibits effective communication [63]. Misunderstandings and misconceptions 
frequently occur because of geographical, temporal and cultural distances [59]. These might 
cause mistrust and discord behveen the distributed teams [48], which result in reduced 
cooperation, and irregular information flow between teams [XI. 

Prototyping: For prototyping, it is important to make clear the intent and purpose of the 
prototype right from the beginning to take care of any unrealistic expectations [24]. Any 
miscomprehension on the user's part might lead to damaged trust [27]. Lack of f2f meetings 
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and informal communication in global context [9, 631 can make it harder to identify and 
mend these damaged stakeholder relationships over distance. 

Animations: Trust among stakeholders can encourage impromptu conversations that 
improve communication between the stakeholders and thus a shared understanding [48]. 
Effective communication will play a role in the right depiction of requirements in 
visualizations and animations. 

Inspections: Inspections involve identifying defects and discussing them; it is important to 
convey the context of any comment as well lest they be misconstrued and give rise to bad 
feelings among the members [63]. Lack of trust in a global context gives rise to uncharitable 
interpretation of other's behavior when disagreements arise [63]. This causes hard feelings 
and delay in clarification and conflict resolution 1631. For effectiveness of the technique, it is 
important to encourage interpersonal relationship and trust building between the team 
members. Tbis will provide them with patience when it comes to resolution of issues and 
hearing others out 1631. Informal communication plays a role in achieving this but its lack is 
one of the major challenges of global software development [9,63]. 

Natural Language: In natural language, what might be considered common sense by one 
can be easily a surprise to a person coming from a different cultural background, both 
national and organizational [40]. Often these inconsistencies and ambiguities go 
unrecognized causing delays, rework and often damaged stakeholder relationships [I, 18,481. 
For effectiveness of these requirements validation techniques in global environments, it is 
important to encoxage interpersonal relationship and trust building between the team 
members. Trust among stakeholders will improve the requirements engineering process since 
it encourages the team members to openly discuss issues 1631. 

4.7.3.7 IT INFRASTRUCTURE 

Standardized IT platforms are important to ensure successful sharing of requirements related 
artifacts 1171. 

Prototyping: Requirements validation through prototyping requires making a working 
prototype available to the client side over the distance. For this purpose IT infrastructure at 
the distributed sites has to be standardized 1171 as use of different platforms at any levels (0.7 
or development tools etc) can lead to incompatibilities [17, 551. 

Animations: The nature of animations varies from simple visuals to elaborately interactive 
experiences [35] and it has to be ensured that the remote site has the necessary resources for 
reviewing the visual artifacts. It should be noticed that they are used as a complimentary 
technique to assist other forms of requirements validation [33]. 
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Inspections: Inspection meeting carried out synchronously would require moderately fast 
internet connections to ensure timely communication among the members of the inspection 
team [38]. 

Natural Language: Different platforms employed at the multiple sites might create a 
problem when it comes to sharing documents and other artifacts. While sharing documents 
between sites for natural language validation of requirements, it is important to consider the 
applications being used to prepare them. Even if same applications are used, version 
mismatch and incompatibility can still cause a problem [63,67]. 

4.7.4 COMMUNICATION MODE AM) MEDIA 

4.7.4.1 COMlMUNICATION MODE - SYNCHRONOUSIASYNCEIRONOUS 

Although there are various internet technologies available to support synchronous 
communication in GSD, stakeholders still avoid it at times since lack of a personal 
relationship does not encourage impromptu conversations for resolving assumptions and 
conflicting requirements [48, 751. However, synchronous communication can assist in timely 
discovery of issues and problems as well as their timely resolution. 

Prototyping: Validating prototype synchronously would help in being proactive and 
responding immediately to any perceived misconceptions or misunderstandings. This would 
ensure that problems do not become more convoluted because of the delay. However, for 
synchronous communication, the network must be reliable and usable [46]. Frequent server 
failures or connections that are too slow can create frustration due to increased waiting time. 
At times, the solution might be to switch to asynchronous mode [46]. Asynchronous 
communication would allow the users to evaluate the prototype in their own available time 
but would result in delayed feedbacks. Delayed feedback slows down the validation process 
and causes time and budget overrun [17,24]. Additionally, delays in addressing problems can 
result in design problems that may be costly to repair later [24]. 

Animations: Nature of animations varies from simple visuals to elaborately interactive 
experiences [3S]. Synchronous communication might be required at times to assist in 
enhancing users' understanding by providing useful explanations at the required times and 
obtaining feedback instantaneously. When requirements visualizations need to be validated 
asynchronously, they can be complimented by explanations of animation by the developer at 
appropriate moments and attached as a narration to the visual artifact [32]. These narrations 
can be paused, stopped and replayed as and when required and have been proven to play a 
role in promoting increased learning [32]. Moreover, through animation the user can be 
guided along to the appropriate part of the screen to consider it for evaluation and analysis. 
This verbal and visual information can make up for the loss of synchronous communication 
to some extent. 
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Inspections: Synchronous comrnunicatiod for inspection meetings in a global context poses. 
the challenge of extensive communication and coordination between sites to set up a time and 
schedule that is convenient to all participants [38]. On the other hand, asynchronous 
communication for inspections has proved to be effective for global environment [38, 65, 661. 
When using asynchronous media for inspection, it is not necessary to wait days before a 
meeting can be set up to accommodate the busy and conflicting schedules off all participants 
138, 391. Additionally, asynchronous communication minimizes some of the problems 
generally encountered in a f2f mecting for inspections. It makes parallel communication 
possible so that there can be multiple threads of communication at any given time [36, 391. 
The inspectors can explain themselves in whatever amount of detail that is required 138, 391 
without worrying about airtime as is the case in a synchronous meeting. The electronic media 
used to cany out inspection in a distributed environment provides with the benefit of 
maintaining an automatic record of all communication and coordination [36, 391. However, 
because of increased opportunities for interaction and communication, there are higher 
chances for information overload for the individuals participating in the inspection through 
asynchronous means [36]. 

Natural Language: Natural language requirements do not provide a concrete means for 
discussion because of ambiguities introduced by language nuances, personal preferences 
towards use of language and cultural differences. Electronic media in addition makes it 
difficult to transmit unequivocal messages and the ambiguity in meaning causes multiple 
interpretations 131. Synchronous communication would be helpful in obtaining quick 
feedback and responding immediately so that any inconsistencies in interpretation and 
understanding can be identified and dealt with in a timely fashion. On the other hand, 
asynchronous communication reduces the chances of a direct feedback [17, 461. 
Misunderstandings and questions that would take just a moment to resolve can take days of 
back and forth communication when using asynchronous means to resolve an issue [17,60]. 

4.7.4.2 COMMUNICATION MEDIA 

Productivity and effectiveness of the communication process is affected by the type of 
information that has to be shared [7].and the media that is employed 121. No one media can 
be sufficient to cany out all the requirements related communication for a technique. 
Employing a succession of media according to the particular context of communication helps 
in effectively catering to its various needs. 

Prototyping: According to 1531, videoconferencing is a viable option for validating 
requirements through prototyping in a global context. Videoconferencing can be used to 
accommodate for the loss of richness due to lack of f2f meetings [17]. However, issues with 
network reliability and usability might present hurdles [46, 551 when demonstrating and 
validating the prototype by means of video conferencing. Slow network connection or 
frequent server failures cause not only frustration but also increase the waiting time. This 
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requires ensuring presence of appropriate technology for carrying out the required 
communication at both sites. 

Animations: Regarding the use of media for validating animations, it is possible to 
communicate important points of a static or dynamic visualization by recording the 
explanation and attaching it along with the graphical model [32] for validation by the user. 
Different narrations can elaborate the different points in the animation for assisting the user in 
understanding the model and can be transmitted with little additional cost [32]. According to 
[32] this provides with an engaging form of communication with the different stakeholders. 
Textual information can also be used at places where further clarification is required. 
However, according to [32] there is a higher level of understanding from narratives as 
compared to written text descriptions. 

Inspections: According to literature, different media is effective in supporting different steps 
of an inspection. Use of asynchronous media followed by a synchronous inspection meeting 
has proved to be effective in global environment [53]. Asynchronous media like emails and 
chat can be used to discuss the requirements artifacts and clear any understanding issues. It is 
easier to be diplomatic when employing asynchronous media for inspections, since comments 
do not have to be made instantaneously [64]. Additionally, a database of all the messages 
provides an evidence for any formal assessment that would otherwise be solely dependent on 
opinion [39]. With textual communication, it is possible to think and be careful in using 
language for the message and even research if necessary before responding [63]. It is also 
possible to attach corresponding material along with text messages [63]. A synchronous 
meeting by means of videoconferencing or an online inspection tool can be used for 
discussing the defects identified in the artifact. Although videoconferencing is the richest 
media next to t2f meetings, the necessary infrastructure required for videoconferencing 
sessions results in an additional overhead. It is expensive to setup and maintain over remotes 
sites and its coordination over remote sites is often problematic [53]. 

Natural Language: When NL is used for requirements specification, it leaves much room 
for assumptions and uncertainties. According to [79], uncertainty is best removed by use of 
leaner media l i e  email that focuses on factual information rather than emotional cues. In 
written communication through chat or emails, it is possible to reflect and be careful in using 
language for the message and even research if necessary bcforc responding [63]. However, if 
asynchronous textual communication is used, even a small issue can take days of 
communication before the issue can be resolved. This would cause unnecessary delay and 
productivity loss. If issues are discussed by means of oral communication, quality of the 
communication medium would also play a role in effective communication. Degradation of 
voice quality, noise and connection problems with delays and echo can pose a serious 
challenge [17,77]. Although videoconferencing is a rich media, it is used mostly for decision 
level meetings [67, 781. This precludes them from ad-boc inter-site discussions [67], which is 
necessary for removing the additional uncertainties and ambiguities in natural language 
requirements introduced by different native languages and other cultural differences [48]. 
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4.8 SUMMARY OF EVALUATION OF RV TECEINIQUES 

The following section provides a summary of the evaluation of requirements validation 
techniques in GSD based upon the dimensions of the proposed framework. Tables 6a and 6b 
summarize the results of technique evaluation. Table 5a and 5b describe the scale used for 
representing the level of affect various factors of GSD have on these techniques. 

Scale 
Highly affected 

Moderately affected 

Table la: Scale for affect levels 

Represented by 
HA 
MA 

Mildly affected MZA 

Table 5b: Scale for media requirements 

Scale 
Necessary 

Desired 

REQUIREMENTS VALID.4TIONTECHNIQUES 

Not Affected 

Repraented by 
N 
D 

Table 6a: Evaluation of RV techniques with respect to dimensions relevant to communication and 
coordination 

NA 
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REQUIREMENTS VALIDATION 
TECHNIQUES 

- ~ 1 

Table Zb: Evaluation o f R V  techniques with respect to dimensions relevant to communication and 
coordination 

Communication Mode & Media 

Synchronous 
Asynchronous 

4.8.1 ANALYSIS OF EVALUTAION OF RV TECHNIQUES 

The comparative analysis of RV techniques based on the proposed framework dimensions 
has attempted to offer an insight into how RV techniques are challenged by communication 
and coordination issues of GSD. Realization of these challenges can assist in identifying 
effective communication and coordination mechanisms, which can have a direct bearing on 
the success of the validation process. 

Prototyping 

N 
D 

Evaluation of the techniques done in previous section shows that techniques are influenced to 
varying degrees by the communication and coordination issues of GSD. It is observed that 
prototyping and animation techniques are affected to minimum extent by communication and 
coordination issues of GSD. The scale of affect for animation is less as compared to 
prototyping but as mentioned in section 4.3, it is used more as a complimentary validation 
technique than a primary one. Moreover, no real evidence of its use and experience in GSD 
was found in the literature. 

Based on the evaluation, it is evident that natural language and inspection techniques are 
highly affected by GSD factors. Natural Language technique for requirements validation is 
affected to exorbitant extents. Different factors contribute towards this situation including the 
fact that natural language is inherently ambiguous and imprecise; chances of 
misunderstanding and misinterpretation ate already high but they are exacerbated by GSD 
context of distributed teams communicating over national and cultural boundaries. Cultural 
differences manifest themselves in the forms of national and organizational cultures. These 
cultures differ on terms of native languages, communication mechanisms, communication 
styles, use of terminologies and media preferences. When using a non-native language for 
communication, it is easy to send unintentional messages. Given the differences in functional 
and national cultures, there is an increased chance of conflict in understanding and 
misconstruing meanings. Moreover, inconsistencies and ambiguities in NL can go 
unrecognized, lay dormant and have catastrophic repercussions. Lack of relationship, another 
challenge of GSD, does not encourage impromptu conversations among team members to 
resolve extensive conflicts in NL requirements. This can result in damaged stakeholder 
relationships and cause a further hindrance in effective communication. Additionally, 
electronic media increase the chances of transmitting equivocal messages. Because of its 
inherent ambiguous nature and need for equivocality reduction, M, necessitates excessive 

Animations 

D 

D 

Inspections 

N 
N 

Natural 
Language 

N 

N - 
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communication for resolution of inconsistencies which is not always possible because of the 
time zone differences. 

Inspections require a great degree of communication and collaboration for coordinating and 
setting up a meeting for multiple participants. Difficulty of identifj4ng personnel with the 
required domain expertise, scheduling meetings that take into account and accommodate the 
busy work calendar of multiple people participating from different geographical places and 
thus different time zones, dissimilar and conflicting communication styles, varying 
terminology preferences and level of detail for communication all have an impact on the 
productivity of requirements validation through inspections. Asynchronous means of 
communication can help minimizing some of these problems by allowing participants of an 
inspection process to contribute in their own available time. However, this mode of 
communication is known to increase delays in response times. Moreover, extensive 
discussions on artifacts are likely to cause a communication overload, which can cause 
participants to lag behiid in assessing and responding to comments and deliberations in an 
adequate timely manner. 

Prototyping and animations require lesser communication and coordination activities as 
compared to inspections and NL. They provide a tangible and illustrative method for 
presentation and validation of software requirements, are closer to reality and thus easier to 
comprehend. They assist in achiiving a common understanding of requirements, which for 
other techniques, like Inspections and NL, is a grave challenge given the influence of varying 
languages and cultures. However, prototyping requires extensive IT infrastructure support for 
making the prototype available at the remote site. Fast internet connection, video 
conferencing resources for demonstration and compatible tool support at the sites is required 
for successfully accomplishing the RV process. Videoconferencing resources however, are 
usually limited in number at a site and need to be booked well in advance. Additionally, these 
meetings are constrained by time and not every small issue can be discussed. Animations on 
the other hand might require varying degree of IT infrastructure support depending upon the 
sophistication of the visualizations. They could be developed in MS PowerPoint or an 
advanced tool specifically designed for creating animations.  ere it would be important to 
point out the fact again that animations prove better as a secondary requirements validation 
technique given the nature, form and level of requirements they depict. 

From the comparative evaluation of widely employed requirements validation techniques, it 
is concluded that prototyping proves to be the best choice for validating requirements in a 
GSD environment. It works as an interaction medium between the multiple stakeholders thus 
improving the quality of communication. It requires lesser communication and coordination 
activities as compared to inspections and NL that necessitate high interaction between the 
relevant stakeholders. However, it is of utmost importance to come up with an appropriate 
solution that addresses the issues and challenges that this technique faces in a GSD context so 
as to make the process fruitful and effective 
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5 PROPOSED SOLUTION 

Communication and coordination issues are dependent on an intricate relationship of various 
factors. The form of communication between the distributed teams, direct or through an 
intermediary, and the media employed are important factors that influence the software 
development activities [82]. To deal with the communication and coordination problems 
encountered when using RV techniques in GSD, it is important to realize the significance of 
the above two factors and propose a solution that adequately deals with both of them. 
Therefore, the proposed solution consists of two parts: a communication model to define 
communication paths that are essentially required and secondly, a guideline towards use of 
appropriate combination of mode and media for enabling communication between the paths 
identified in the model. 

5.1 COMMUNICATION MODEL FOR PROTOTYPING 

Communication and coordination issues identified from literature, pertinent to use of 
prototyping as a requirements validation technique, highlight the need of a communication 
model that defmes various stakeholder roles that are significant to the prototyping process 
and defines clear communication paths between them for effective collaboration. Existence 
plus increased awareness among the stakeholders about such communication model and what 
it necessitates would help in initiating contact and keeping relevant stakeholders adequately 
involved in the process for increased effectiveness. 

[54] presents a model to define communication paths between various stakeholder roles for a 
prototyping environment. Depending upon different knowledge domains lead communication 
roles are defined to carry out the necessary collaboration with other roles. The model 
suggests a single individual as the client representative who has expertise over several 
knowledge domains. This, however, is not necessarily applicable to all different contexts of 
projects. Using this model would mean an individual representing the end users, domain 
analysts and the decision makers from the client side; he would have to filter information 
f?om these multiple roles and communicate them to the development team. There are high 
chances that the knowledge and information will be distorted while being communicated and 
transmitted over each layer of stakeholders. Since it is quite evident from literature that 
participation of relevant stakeholders is essential for success of requirements validation 
process, this model would not suffice in the context where direct involvement of stakeholder 
roles is irreplaceable. 

Several other communication models, categorized as centralized, decentralized and hybrid, 
are discussed in [lo]. Centralized communication models promote communication by routing 
information through specific individuals only i.e. there is limited or no direct communication . . 

between individuals; a single individual has the responsibility of communicating and routing 
the relevant information to other stakeholders. Decentralized communication models enable 
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communication paths between all the stakeholders resulting in a number of communication 
links and paths for information to flow. Hybrid models make use of both centralized and 
decentralized models for communication. For our context of communication model for 
successful prototyping, a centralized communication model would result in information being 
relayed via layers of stakeholders. This indirect communication, as already identified from 
literature, is one of the major reasons that prototyping efforts at times fail to cater to the 
actual user needs and requirements. Decentralized communication would result in everyone 
communicating with everyone else. Although this would ensure everyone's point of view 
being communicated, in distributed development it would be impractical to attempt to enable 
these links through electronic means of communication; they would generally result in 
communication overload and at times important information not being responded or catered 
to. The hybrid communication model fits best for a global s o h a r e  development; however, 
the model presented in this paper has been developed specifically to cater to the 
communication and coordination needs of geographically distributed development teams 
only. These teams collaborate specifically for sharing software related information and 
coordinating tasks pertinent to integration of software modules and other development 
activities. It does not identify paths for communication with other major stakeholder roles 
like domain experts, end users and decision makers from the client side. This model, 
therefore, cannot he adopted in the context of requirements validation by means of 
prototyping, where active participation of domain experts and end users plays a major role in 
success of the process. 

5.2 PROPOSED COMMUNICATION MODELFOR PROTOTYPING IN GSD 

We propose a communication model adapted from [54] and enhance it to address the 
communication and coordination issues that exacerbate the problems of requirements 
validation through prototyping in GSD. This model is depicted in the figure 4 below followed 
by an explanation of the various components and rationale for including them. 
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I D e d  Makers (Boh 
development and cQml side) 

End U x m  Domain Ex- 

Figure 4: Communication Model for prototyping 

The model is characterized by communication between various stakeholder roles through a 
lead role, which communicates with the general domain roles, filters information and relays it 
to the other stakeholder groups. The decision makers, managers from both the client and 
development side, need to spread the general awareness among the team members regarding 
importance of establishing these roles and enable communication between them for an overall 
successful project. Clear definition of these roles and their responsibilities will facilitate 
initiation of contact and continued communication over project information. 

This model stresses on fewer communication links so as to avoid miscommunication 
attributed to multiple conflicting opinions being transferred to other roles. 
Furthermore, by establishing communication links only with the representatives or 
lead-roles, difficulty of communication between large numbers of individuals across 
time zone differences is comparatively reduced. 
Decision makers from development and client side interact or communicate with the 
other stakeholder groups as and when necessary; their communication links exist 
when needed and not necessarily at all times. 

Communication roles for the model have been identified through analysis of the literature on 
prototyping and determining its specific needs for stakeholder participation. We can only 
identify the broad stakeholder groups since it is impossible to define a useful, universally 
applicable set of stakeholder roles [8 11. Further in-depth identification of stakeholder roles is 
contextual and varies from project to project. For prototyping, identification of stakeholders 
depends upon the content that characterizes the prototype, for instance information design, 
interaction design and navigation, visual design and system performance/behavior. However, 
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some studies provide a series of steps to follow in identification of roles like [SO] and might 
prove useful in identifiing stakeholder roles for a particular project 

A stakeholder is an individual who is materially affected by the outcome of the system or the 
project(s) producing the system [81]. These broad categories are given below. However, the 
actual list of stakeholder types for a project is context dependent and more concrete than this. 

1. End-users: The actual users of the system. 
2. Domain experts: Experts in a particular aspect of the problem or solution domain. 
3. Developers: Designers, coders, technical writers, testers, and any other types of 

developer involved in the production and support of the system. 
4. Decision-makersManagers: The business managers, financiers, department heads, 

sellers, marketers, and other people who are investing in the production of the system. 
These stakeholders are only indirect users of the system or are affected only by the 
business outcomes that the system influences. 

Each broad category consists of a lead-role representative who filters information and 
communicates with the representatives from the other roles. It is important to ensure that the 
broader stakeholder community is fairly represented i.e. the representative is aware of his 
responsibilities and importance of understanding and relaying the information from general 
role players to other stakeholder groups. 

The proposed model defines direct communication with end user and domain expert 
roles because direct communication and adequate representation of these roles have 
been identified as playing an important role in success of prototyping efforts. 
From literature, it has been identified that end users are not given a fair representation 
in validating the prototype. This model advocates a direct link with end users who 
will actually be using the software to carry out their daily job tasks and ensures that 
information and their points of view do not get miscommunicated over layers of other 
stakeholders that are employed to relay information. 
Periodic meetings between the identified roles can be used as a coordination 
mechanism for enabling collaboration among the distributed stakeholders for 
validation of the prototype. These can be prescheduled and included in the project 
plan or setup as and when required. 

This proposed model does not specify the absolute communication links that have to exist for 
communication of RV '&rough prototyping in GSD. It highlights the concept of establishing 
clear communication paths between the major stakeholders represented by a lead role. It can 
be enhanced to include communication paths between other stakeholder roles from 
knowledge domains like UI designers and usability specialists depending upon need and 
requirements of a particular project context. 
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5 3  COMMUNlCATION MODE AND MEDIA 

Another one of the issues identified for prototype validation is the need for direct 
communication between developers and the other stakeholders for purposes of: 

Personally administering user interaction with the prototype 
Obtaining quick feedback and responding immediately to any user 
miscomprehensions, misinterpretation or misunderstanding regarding the prototype 
concept or the requirements it represents 
To manage unrealistic expectations on the user's part and respond to any misguided 
expectations from the prototype 

These problems and issues exist in traditional software development settings too but are 
exacerbated even more so in global development context. These issues call for f2f meetings 
to manage user miscomprehensions and manage their expectations. However, these are not 
always feasible in GSD because of high airfares, traveling difficulties and busy schedules. 
The need, therefore, is to decide on the mode that is next best to f2f meetings in dealing with 
these issues. 

53.1 COMMUNICATION MODE 

Keeping in view the above stated requirements, synchronous communication combined with 
an appropriate media would help in making up for loss of communication richness and 
effectiveness of B f  meetings to some extent. 

Ensuring synchronous communication would ensure timely feedback from the user 
and make it possible to give an adequately quick response to handle any 
miscomprehensions or obtain further clarifications. 
However, given the time zone differences, synchronous communication can place a 
burden on communicative relationships. It is of utmost important to realize in advance 
the impact and consequences of time zone difference and ensure that participants 
understand that one or both sites might be required to compromise occasionally on the 
meeting schedules to make synchronous communication possible for validation. This 
would help in avoiding hard feelings among the team members in the future. 

53.2 COMMUNICATION MEDIA 

According to [53], videoconferencing is a viable option for validating requirements through 
prototyping in a global context. Videoconferencing can be used to accommodate for the loss 
of richness due to lack of f2f meetings [17]. 
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It would help gain their level of involvement and engagement in the process (possible 
to pointlguide attention to particular parts of the prototype visually). 
However, it is important to make sure that both sides have the required resources for 
carrying it out (issues with required technology, network reliability and usability 
might present hurdles). 
Personal preferences towards media usage should also be considered. Some people 
might find it difficult to communicate over videoconferencing; some other 
fondmedia of communication might be used as an icebreaker in the beginning. 

Besides video-conferencing, other synchronous means like teleconferencing or live chat can 
also be used although they provide a level of communication that is less rich than 
videoconferencing. However, the difficulties in arranging these resources might make these 
media the next best option as compared to asynchronous validation over emails or through 
documents. 



CHAPTER 6 
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6 VALIDATION OF PROPOSED SOLUTION 

The proposed solution for facilitating communication and coordination, while employing 
prototyping as a requirements validation technique in GSD, is validated through a case study. 
The following sections give an introduction to the selected case, methods of data collection, 
the communication and coordination issues encountered in the project and discussion on how 
these issues could have been avoided by application of the proposed solution. 

6.1 SELECTION OF THE CASE 

The case study chosen is a project developed by a software development company that offers 
its services in areas of desktop and web programming, graphic and web design, customized 
database applications and outsourcing to a wide range of industries and business areas both in 
local and international market. The name of the company, however, is not mentioned here 
because of confidential reasons. 

Selection of this particular software development project, as a unit of analysis, for the case 
study is because of its suitability to our context i.e. a software system developed by teams 
separated by physical, social and time zone differences making use of electronic media as the 
primary source of communicating system requirements and other project related information. 
The sources of requirements were the customers and clients for the system based in UK, 
whereas the development team was based entirely in Pakistan. The teams encountered 
various problems because of GSD, which are discussed in later sections. 

6.2 DATA COLLECTION 

Data for the case study was collected from various sources to back up interpretations from 
multiple sources as opposed to considering a single source. This triangulation i.e. drawing the 
same conclusion from multiple sources of information, adds credibility to the results and the 
conclusions. The data sources employed for this case study include interviews with the 
various stakeholders, study of their communication via emails and related documents. 

6.21 INTERVIEWS 

Interviews were used as a direct source for gathering the relevant information from 
stakeholders who were involved in this sofhvare development endeavor. The interviews were 
semi-structured and included both open and close ended questions. The questions were 
designed with the specific intent of extracting issues related to communication and 
coordination that the project teams encountered in the s o h a r e  development process, the 
effect of use of media for communication and the hardships of developing a software where 
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there is a lack of face-to-face communication for project meetings. The major fmdings &om 
the interviews were summarized to the relevant stakeholders in the end to gain a feedback 
and avoid any misunderstandings regarding interpretation of comments and points of views. 

6.2.2 DOCUMENTS 

A number of documents were also analyzed to study patterns of communication between the 
distributed teams since documents were also at times used for providing feedback to the 
software development team and validating requirements. These documents were studied to 
gauge the level of effectiveness of this medium for communicating requirements related 
information between distributed teams. 

Email was a widely used communication medium between the two distributed teams and 
therefore another source for our data collection. The requirements related communication 
between the distributed teams members was analyzed to study the type of information 
communicated via emails, its effectiveness and efficiency in successfully transferring the 
relevant knowledge to the receiver, promotion of shared understanding and the average time 
taken by the receiver to respond to the sent messages and information. 

6 3  BRIEF HISTORY 

The chosen project is a student assessment manager, referred to as product A in the remaining 
document, which a web-based system provided to clients in United Kingdom (UK), as a 
solution to their prevailing problem of managing student profiles and their assessments based 
on various factors in their local secondary school setup. 

The project commenced in June 2005 with an estimated time of 6 months as the total 
completion time. Initially most of the requirements for the system were communicated to the 
development team by means of emails and documents. These sources, however, necessitated 
back and forth communication without promoting much common understanding of the 
requirements between the teams. The project manager for development of PRODUCT A at 
Pakistan site suggested a few sessions of chat as a proposed medium for eliciting and 
understanding initial requirements. The teams also held netmeeting sessions on a few 
Saturdays for discussing the prototype and obtaining feedback. However, use of electronic 
means in place of face-to-face communication for understanding and discussing requirements 
had an adverse affect; the project overran its time and cost budgets. Moreover, the prototype 
failed to satisfy user needs and requirements. 

Face-to-face meetings at this point were decided as irreplaceable and a representative visited 
the development site for a week. The face-to-face meeting sessions were very effective in 



resolving inconsistencies, clarifying outstanding issues and reaching a consensus on the 
communication procedures that would be followed in the future. The fmt version for the 
software was considered product AO. 

A new software development team was established for the development of Product Al.  New 
communication protocols were developed to effectively deal with the communication and 
coordination problems encountered in product AO. The developed communication protocols 
added by the experiences of the previous team helped in achieving a common understanding 
of requirements and thus in achieving the project objectives in a more timely and cost 
effective manner. 

The subsequent sections discuss the major communication and coordination problems 
encountered, and how they hindered the process of achieving project objectives. 

6.4 COMMUNICATION AND COORDINATION PROBLEMS 

6.4.1 NATURAL LANGUAGE ISSUES 

Use of natural language for communicating system requirements proved to be ambiguous and 
necessitated more communication between the distributed teams for gaining a common 
understanding. Phrasing of sentences and requirements often communicated multiple 
meanings and thus misinterpretations. These had to be restated and clarified with increased 
back and forth communication because of asynchronous means. 

The development team sent the user site a series of requirements related queries 
through an email on October 25, 2007. The queries were stated in natural language 
(English). Although the user site provided a timely response to the queries i.e. the 
same day via an email, the response was not entirely clear and another email had to be 
sent out to further elaborate on the requirements being discussed. The development 
site again had to send a detailed email to c o n f m  that they have the right 
understanding of the requirements. This was confirmed the next day i.e. October 26. 
The user site again sent out another document on October 27 to correct some errors in 
its earlier email response. Natural Language requirements therefore have a high 
possibility of introducing ambiguities and causing multiple interpretations of the same 
statement. They necessitated back and forth communication to develop understanding 
and reaching a consensus. 
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6.4.2 IT INFRASTRUCTURE REQZTIREMENTS 

Various problems of IT in•’rastructure resulted in problems or delays in achieving project 
objectives. These are given below. 

Requirements were communicated by means of emails and attached documents. Initially 
incompatibility of application versions used at the two sites created a problem. The user site 
sent requirements related documents to the development site on July 17,2005. One of these 
documents was a Visio file, which was incompatible with the versions available at the 
development site. This problem was uncovered on 18" but an email was sent to the user site 
regarding the file format on 20" of July. The developer side had to request the document in a 
different format and later installed the version used at the client side. However, there was a 
hefty delay of 3 days in communication of these requirements caused by this incompatibility. 

6.4.3 DIFFERENT DOBlAIN TERMINOLOGIES 

A communication gap existed between the stakeholders because of their varying fields of 
knowledge. The clientsldomain experts used different domain terminologies and 
abbreviations for describing the requirements, which had to be clarified by the development 
site repeatedly. There was a huge need of extensive communication between the two sites to 
gain a common understanding of requirements and correctly get the intent and meaning of 
terms and requirements to the other team. These queries, which could be clarified instantly, 
were delayed since an asynchronous means of communication i.e. email was being used that 
took at least a day in being answered. 

Requirements related document was emailed to the user site on September 9, 2005. 
The document contained queries for clarification and confirmation of certain 
requirements including request for elaboration on certain domain specific 
terminologies (e.g. terms and abbreviations), that the development site did not 
understand. Because of a lack of response the user site had to be reminded again on 
September 12. The response was fmally received on September 13. Because of 
delayed feedback and lack of response the inconsistencies and queries that could have 
been clarified within minutes took four days for complete understanding. 
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6.4.4 TIME ZONE DIFFERENCE 

Time zone difference, according to an interview with the project manager at the development 
site, presented with both pros and cons. The development site was five hours ahead in time 
zone. On one hand, it enabled them to fmish off the work in accordance with the feedback 
received from the user the previous day, and on the other hand it prevented them fiom 
contacting the users in case of ambiguities or further need of c l d ~ c a t i o n .  T i e  zone 
difference between the two sites made it difficult to hold synchronous sessions for discussion 
of system requirements. Several synchronous meetings, chat sessions and teleconferences, 
were held that had to be scheduled either late night for the development team or early 
morning for the client side. These meetings and sessions proved effective in better 
understandkg of requirements and quick resolution of outstanding issues, however, because 
of time zone difference they were few in number. 

Given the difficulty in establishing a shared understanding between the users and the 
development team because of back and forth communication, the latter suggested a 
synchronous chat session for gaining a better understanding and forming a consensus 
on requirements. An email was sent to confirm timings on September 6, 2005. The 
meeting however had to be setup late night, at 1 lpm, for the development team 
because of the time difference between the two sites. Although these chat sessions 
were few in number they were reported by the stakeholders to be more effective than 
carrying out communication entirely through emails. They helped in resolving unclear 
requirements and obtaining instant feedback. 

6.4.5 ASYNCHRONOUS COMMUNICATION AND FEEDBACK DELAY 

Emails, an asynchronous means for communication, were used as the primary means for 
communicating requirements related information. It caused various problems, which are 
listed below: 

6.4.5.1 DELAY IN FEEDBACK 

The issues, unclemess or ambiguities, which could have been resolved in an instant through 
a phone call or other synchronous means, took at least a day for being resolved over an email. 
Delayed feedback also sometimes resulted in valuable time of developers going idle. 
Asynchronous communication via emails usually resulted in a delay since the emails were 
checked by the receiver in their own available time. Several such incidents were identified in 
the case study: 

An email regarding requirements was sent by the user site dated July 17. It was 
checked on July 18" and responded to on July 20" after the realization that the file 
format is hcorrect. The issue that could have been solved instantly by synchronous 
means took three days to resolve. 
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A working prototype for the software was made available to the users on November 3, 
2005. Since the prototype was validated by the users in their own time, they provided 
their feedback a few days later. The first feedback was received via document 
attached with an email on November 6. Feedback from another user was received on 
November 11. These feedbacks were three and eight days late respectively, and 
contained conflicting comments and requirements for the system. The development 
team responded to these comments on November 14. Therefore, between the upload 
of the prototype, its validation and comments, and its response spanned total eleven 
days. This time could be saved to a tremendous extent via synchronous validation of 
the prototype that would have made it possible to respond to comments and conflicts 
in a timely manner with quick resolution of issues. 

6.4.5.2 BACK AND FORTH COMMUNICATION 

Natural language communication combined with an asynchronous mode i.e. email, 
necessitated increased communication between the remote teams for gaining a shared 
understanding of requirements. Clearing up terms and meanings required back and forth 
communication over emails that caused a delay plus a communication overhead. 

The development site emailed a set of queries to the user site on November 8, 2006. 
The feedback to it was provided through a document attached with an email on 
November 9. The development site reviewed the provided answers and feedback but 
some requirements still needed further clarification. Thus, an email was sent for 
further clarification on November 10. These queries were replied to on November 11. 
On November 14, the user site provided some further clarification on previous queries 
and asked for further elaboration regarding the previous set of requirements discussed. 
The queries related to requirements therefore, necessitated back and forth 
communication between the team members to enhance understanding and create a 
shared vision on requirements. 
In another event, the development site requested requirements related data from the 
user site by sending out an email on April 9, 2007. The email was responded to on 
April 12; however, it required further clarification, which was requested on April 15. 
This back and forth communication was necessitated by the asynchronous mode of 
communication that would otherwise be resolved in a few minutes via synchronous 
means. 
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6.4.5.3 LACK O F  RESPONSE 

Sometimes the emails were not responded to at all. Reminders had to be sent out to the 
relevant people for a quicker response. This usually caused a delay from one to three days. 

The development site sent the users a document containing queries regarding the 
requirements on September 9, 2005. There was no response from the user site for 
three days and they had to be reminded again on September 12. The queries were 
responded to on September 13 after this reminder. There was a gap of total four days 
in this requirements related communication because of asynchronous means. 
In another incident, a reminder email had to be sent to the user site on Marchl, 2006 
to respond to an email sent earlier on February 27. There was a two day delay in 
response which resulted in wasted time for the development team. 

6.4.5.4 CONFLICTING FEEDBACK 

Relevant stakeholders validated the prototype asynchronously in their own time of 
convenience. Separate feedbacks were provided by the user side in emails with a gap of few 
days between them. They were both conflicting feedbacks; one of the users declaring the user 
interface appropriate while the other wanted it to be made simpler. 

Conflicting feedbacks to the prototype, made available to the users on November 3, 
2005, were received on November 6 and November 11. Issues which could have been 
resolved if the prototype was validated synchronously with various stakeholders 
present at the same time took over 10 days for discovery and resolution. However, it 
would be important here to consider the fact that users might need time to gain a 
better understanding of the requirements and hence, changed or conflicting 
requirements with the passage of time; this is not necessarily solvable merely through 
an appropriate mode and media. 

There were occurrences of mixed up emails where requirements related documents had to be 
resent thus causing a delay. Moreover, because of extensive requirements related 
communication carried out through the emails, certain replies and responses were mistakenly 
missed by a site, which caused a delay and need for reminding the other site. 

An email for requirements related information was sent to user site on February 27, 
2006. The user site responded to the queries on March 1. However, there was a mix 
up of emails because of misunderstanding or extensive emails and the development 
site missed it; they reminded the user site for a response. The user site forwarded the 
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email reply on March 2. Because of mix-up of emails an unnecessary delay was 
caused. 

6.4.5.6 INACCESSIBLE PROTOTYPE 

The prototype was at times inaccessible to the user side (login issues). Asynchronous 
communication through emails for notification of such errors delayed the process of 
prototype validation. 

-At  one time, the users were unable to access the uploaded prototype at the link 
provided by the developers in an earlier email. An email was sent out to the 
developers regarding the issue on March 14, 2006. Synchronous communication as 
opposed to asynchronous means would have ensured a timely response to user's 
problem. 

6.4.6 UNDEFINED STAKEHOLDER ROLES AND UNCLEAR 
COMMUNICATION PATHS 

There was no explicit recognition of roles and responsibilities of various stakeholders for the 
project in the beginning. This resulted in unclear communication paths. Emails were used as 
the primary source of communication; the lack of defmed roles at times caused relevant 
stakeholders to be missed out of the email loop causing a misunderstanding and an 
unnecessary delay in communication of requirements information. 

After a telephonic conversation on August 8, 2005, the user site was to send a 
requirements document. The project manager had not received this file by August 16 
and emailed the users for the relevant information. On this reminder however, it was 
found out that the document had already been sent out but somehow the relevant 
stakeholder was missed out of the email loop. This caused an unnecessary delay and 
misunderstanding between the teams, since the information was not communicated to 
the project manager on time. This issue can also be attributed to unclear defdtion of 
stakeholder roles. Lack of recognition of these roles resulted in increased chances of 
missing out relevant stakeholders from the ernail loop. Recognition of roles of various 
stakeholders in advance would have ensured their inclusion in all relevant 
requirements related information plus it would have assisted in avoiding any such 
delay and misunderstanding. 
The development site sent a list of queries to the user site as an attached document 
with an email on September 9, 2005. A reminder had to be sent on September 12 to 
respond to the queries since they were causing a delay in the development process. 
There was a lack of recognition of user roles and knowledge as to who is to be 
contacted for what information and validation, the user had to route the request for 
response to another user who then made a reply on September 13. There was indirect 
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communication between the team members that caused a delay of four valuable days. 
Since there was not a clear definition of roles and communication paths, this delay 
could not be prevented. 
According to an interview with the project manager, for Product A0 there were 
multiple points of communication between the two distributed teams; multiple domain 
experts were contacting and communicating with the development team. There were, 
therefore, multiple points of views and conflicting requests for requirements from user 
side that had to be discussed and responded to; this took extra time and effort to 
resolve the inconsistencies and reach a mutual point or consensus on the multiple 
conflicting requirements. Moreover, since there were multiple people from user site 
communicating requirements, no one took responsibility when it came to dealing with 
the repercussions of changed and conflicting user requests. 

6.4.7 INDIRECT COMMUNICATION 

In the beginning, because of undefined stakeholder roles it was unclear as to who should 
contact whom for the relevant requirements information. Information was routed through 
layers of stakeholders to the relevant people. Requirements related information in the 
beginning was directed to the higher management of development side. 

An initial requirement document was sent by the user site to the higher management 
on development site on July 17, 2005. This document was forwarded to the project 
manager on July 18, which was checked by him on July 19. Due to version 
incompatibility, however, the project manager communicated back to the higher 
management regarding the issue on July 19 who then contacted the user site for a 
varying file format on July 20. In this indirect communication following problems 
were identified: 

o There were layers of communication between the two sites. Because of lack of 
knowledge regarding stakeholder roles, the user site and the project manager 
were indirectIy communicating. This caused an unnecessary delay of 4 days in 
the resolution of the problem. Direct communication was established 
afterwards but the lost time resulted in waste of valuable time and lack of 
productivity. 

o Reliance on email, an asynchronous medium for communication, resulted in 
wasted time since the above emails were responded to the day next to sending 
date. 

o Indirect communication increased the communication overhead since it 
necessitated relaying of information between multiple layers. Additionally, it 
caused a delay in the requirements process. 
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6.4.8 UNREALISTIC USER EXPECTATIONS 

The intent of prototype was not communicated to the clients right from the beginning. The 
users were anxious about the parts of the application that were inactive. Although, the reason 
was clarified then, they were still skeptical. According to an interview, initially the users 
were concerned about limited functionality of the prototype, which could have been avoided 
by making the users aware of the intent and purpose of the prototype right from the 
beginning. 

6.5 VALIDATION OF PROPOSED SOLUTION 

6.5.1 PROTOTYPING FOR REQUlREMENTS VALIDATION 

Natural language is inherently ambiguous and imprecise. Although, initially requirements 
have to be obtained in natural language format, it is usually advisable to build a working 
prototype as soon in the development cycle as possible. As observed in the case study natural 
language requirements necessitated increased back and forth communication for resolution of 
issues. Increased reliance on this form of requirements would result in misinterpretations and 
an obstacle in reaching a shared understanding of requirements. 

However, a working prototype was developed early in the life cycle, which helped in 
achieving the following objectives: 

Promoted shared understanding between the stakeholders. 
Provided a tangible means for discussing requirements as compared to relying solely 
on natural language for requirements specification. 
It helped in identifying missing and incomplete requirements which otherwise would 
have gone unnoticed in a natural language document. 

6.5.2 NATURAL LANGUAGE ISSUES 

Excessive dependence on email and natural language as a medium for communication in A1 
necessitated increased . . need for back and forth explanations. This caused delay and a 
communication overhead. 

Communicating requirements in natural language even for a prototype is inevitable. 
For the product A, if these requirements were communicated asynchronously, as 
proposed by the solution, via phone call or even live chat, the requirements that took 
from October 25-October 27 to clarify could have been clarified and understood the 
same day. This would have saved 2 days spent in back and forth communication for 
confirming shared understanding of stated requirements. 
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6.5.3 IT INFRASTRUCTURE REQUIREMENTS 

Difference in version numbers of softwares, as discussed for the case study, can cause 
unnecessary delays. Asynchronous communication added to this can cause further delay in 
resolving these issues of incompatibility. 

The requirements document was provided to the development site via email on July 
17th. This was checked the next day. Even if there was an incompatibility in 
document because of varying version of the same software, if the problem was 
relayed to the user site via a synchronous means, for instance an instant message or 
voice mail, the three-day delay could have been avoided thus saving valuable time for 
both the teams. 

6.5.4 DIFFERENT DOMAIN TERMINOLOGIES 

A communication gap is likely to exist between the users and software engineers. Extensive 
communication is required to gain understanding of the varying domains. This 
communication carried out over asynchronous means, especially in natural language as was 
the case for product A, will create a communication overhead since it will require back and 
forth correspondence. It would be preferable to carry out this communication over a 
synchronous means, like chat or phone call, which would ensure a timely response and 
immediate understanding of any domain specific terms and abbreviations. 

In the case study discussed, if the queries were asked synchronously instead of 
through email, the delay caused because of lack of response could have been avoided. 
Moreover, better understanding of the requirements could have been obtained 
instantly. 

6.5.5 ASYNCHRONOUS COMMUNICATION AND DELAYED FEEDBACK 

Use of asynchronous mode for communicating requirements related information caused 
various problems including delayed feedback, increased need for back and forth 
communication for enhancing understanding and resolving issues, missed or mixed up emails 
and lack of response. 

Various communication and coordination problems encountered by the distributed teams, 
listed in the previous section, would be better dealt with and could have been avoided at 
length by employing synchronous means for requirements validation. 
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6.5.5.1 DELAY IN FEEDBACK 

By synchronous means, feedback from the users, regarding requirements, could have been 
obtained immediately. This would enable them to act on the feedback in a timely fashion 
rather than letting the time between a query and its response going idle. The synchronous 
sessions for requirements discussion were in few in number for the case study. However, 
even these few sessions helped in achieving a better understanding of requirements. They 
helped resolve outstanding requirements issues and in obtaining quick feedback and further 
clarifcation of any ambiguities. 

By use of synchronous means, the feedback requested on July 1 7 ~  would have 
immediately responded to without the delay of three days that occurred in replying to 
the email. 
By use of synchronous means for validation of the prototype, the span of eleven days 
for receiving feedback from multiple users could have been avoided. Additionally, 
synchronous validation from multiple users at the same time would better enable the 
development side to tackle any conflicting opinions and comments. Furthermore, it 
would give them the opportunity to negotiate 'and reach a consensus in the same 
meeting instead of communicating back and forth via emails. Therefore, the hefty 
delay of eleven days could have been avoided. 

6.5.5.2 BACK AND FORTE COMMUNICATION 

Discussion of requirements in natural language over an asynchronous means i.e. emails 
resulted in ambiguity, which required increased communication between the distributed 
teams. 

By employing synchronous means for obtaining feedback from the user site on 
November 8, 2006, level of understanding could have been improved so that there 
would be a decreased need for communicating over the same requirement back and 
forth. Any further questions could be asked and responded to instantly thus saving the 
six days time and effort otherwise necessitated by emails. This would also have 
resulted in better managing the communication overload caused by extensive 
emailing. 

6.5.5.3 LACK OF RESPOKSE 

In the case discussed, emails went un-responded at times and a reminder had to be 
sent. This caused an unnecessary delay and wasted time. 
In the case discussed, the two instances of un-responded email caused a four and three 
days delay. Synchronous means of communication would remove the problem of 
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these unanswered emails since they would enable obtaining instant feedback and 
responses to the queries. 

6.5.5.4 CONFLICTING FEEDBACK 

Conflicting feedback from users caused a delay for the case discussed. 

Since validation was carried out asynchronously, the feedback from the multiple users 
came by a difference of five days time. The feedback was conflicting and took time to 
resolve. If the validation was carried out synchronously, then any problems that were 
encountered could have been discussed or negotiated at the same time to reach a 
solution/decision that satisfied all relevant stakeholders. This would have saved the 
time between November 3 and November 1 I, 2005. 

Asynchronous means usually result in a communication overhead so that emails get mixed 
up, unanswered or mistakenly unsent. This could also have been avoided by carrying out the 
necessary validation activities synchronously. 

By synchronous means, the email response sent on Febmii~y 27'2006 would not have 
been missed. A reminder would not be necessary and thus the two days delay could 
have been avoided. 

6.5.6 DEFINING STAKEHOLDERROLES AND COMMUNICATION PATE3 

Misunderstanding and unnecessary delay was caused, in the case discussed, because the 
distributed teams proceeded without a clear recognition of stakeholder roles. There was a lack 
of awareness among the team members as to who is to contact whom for requirements 
information. Furthermore, lack of definition of roles and responsibilities resulted in extra time 
for relaying requirements related information via layers of stakeholders to the relevant 
individuals. Because of unclear roles, there were occurrences of relevant stakeholders being 
missed out of email loops by mistake that caused a delay and misunderstanding. 

The above stated communication and coordination problems could have been avoided by 
application of the proposed model: 

If the roles and responsibilities for various stakeholder groups were recognized well in 
advance, it would have promoted clear communication paths between them. The 
significant requirements related email that was sent out to the higher management by 
the user site would have been directly sent to the project manager, without a layer in 
between. The removal of this additional layer would have prevented relevant 
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individuals f?om being missed out of the communication loop and the unnecessary 
delays and wasted time could have been avoided. 

Figure 5: Communication between stakeholders before and after application of 
proposed communication model 

. Establishment of lead representative role and direct communication links between 
them, as indicated by the proposed communication model, would have promoted the 
practice of communicating requirements related information directly between the 
stakeholders without any intermediate layers. By setting up the proposed 
communication model, the email sent on September 9, 2005 would have been sent 
directly to the relevant person. Prior identification of stakeholder roles and 
responsibilities and establishing clear communication paths between them would have 
helped in creating an awareness among the team regarding who is to be included in 
the requirements related communication; this would have helped in initiating contact 
directly with the relevant person and assist in determining who should be contacted 
for what sort of information. This would have prevented delay caused by expertise 
identification and ensured that relevant information is relayed to the relevant 
stakeholders. Hence, the four days delay caused because of a lack of lead role would 
have been avoided in this case by application of the proposed communication model. 
Creating lead representatives for various stakeholder roles would have discouraged 
multiple communication paths between the distributed teams. This would have 
ensured direct communication between the relevant individuals, and a single point of 
view being transmitted from one team to another. This way conflicting requirements 
and their repercussions could have been avoided; the lead role would be responsible 
for communicating the needs of his other stakeholder group members. 

6.5.7 INDIRECT COMMUNICATION BETWEEN STAKEHOLDERS 

Indirect communication between the stakeholders caused misunderstandings regarding timely 
communication of requirements a few times in the project life. Since in the beginning the 
requirements documents were emailed only to the management at the development side, they 
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were not timely relayed to the development team manager. Because of indirect 
communication via layers of stakeholders, an unnecessary delay was caused. 

The above mentioned problems could have been avoided by application of the proposed 
model which suggests direct communication between the relevant stakeholders to discuss the 
system requirements and hence avoid any misunderstandings and miscomprehensions. 

This would have assisted in directing the requirements related information to the 
relevant people without introducing layers of stakeholders in between. Layers of 
stakeholders usually result in delayed communication of information to the relevant 
people. This would have promoted earlier recognition of problems and inconsistencies 
and therefore, their earlier resolution. The requirements related document emailed on 
July 17, 2005 would have been sent directly to the development team lead, with a 
direct communication between the two stakeholders regarding incompatibility of the 
document. The communication carried out via emails wasted four days, which would 
be resolved in a single day by the application of the proposed communication model. 
Moreover, this same communication carried out synchronously would have saved 
valuable time as well. 

If the proposed communication model was applied, the domain expert would have 
direct contact with the development team instead of directing requirements related 
information through the higher management. This would have prevented the 
misunderstanding that the user side is lagging in providing the requirements 
information and would have saved the valuable time wasted because of the 
unnecessary delay. 

6.6 DISCUSSION AND ANALYSIS 

Various communication and coordination issues, as reported in literature pertaining to 
software development in globally distributed environment, were identified in this case study. 
These problems were identified from interviews carried out with the project team members 
and by an analysis of their communication carried out via emails. As observed from the 
communication patterns in the email and reinforcement from interviews, it is established that 
the major pitfall in achieving project goals for Product A was the communication breakdown. 
The physical distance made it difficult for the two distributed teams to setup a face-to-face 
meeting to carry out all requirements related communication. Excessive reliance on 
asynchronous means for communication, in addition to lack of face-to-face communication, 
was a huge hindrance in establishment of a shared mental model for the project and its 
requirements. This eventually led to wasted time, cost and a system that did not satisfy user 
needs. 

These communication and coordination problems, as discussed in the previous sections, are 
the problems related to communication of requirement in natural language, different domain 
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terminologies, IT infrastructure requirements, use of asynchronous communication media, 
lack of recognition of stakeholder roles and responsibilities and indirect communication 
between various stakeholders. By application of the proposed solution, for requirements 
validation through a prototype in GSD, most of these issues can be appropriately dealt with. 
Definition of stakeholder roles and responsibilities in initial stages of the project would help 
dealing with the issues of indirect communication and assist in establishing clear 
communication paths between the various stakeholders. This would also help in initiating 
contact with the right people for project related information thus saving both time and effort. 
Lead roles for stakeholder group would ensure limited communication paths and therefore, 
lesser chances of conflicting requirements and unsatisfactory results. Use of asynchronous 
means as discussed earlier would help in resolving the issues of delayed feedbacks, lack of 
response, mixed up emails and back and forth communication. 

As discussed in the previous sections, communication breakdown in the project resulted in a 
system that failed to satisfy user needs. It necessitated face-to-face meetings between the 
users and the developers, which according to the software project manager helped in 
clarifying at least 70% of the requirements. From here on the requirements were better 
understood; moreover increased use of synchronous communication helped in validating the 
prototype on time and obtaining the feedback without an extensive delay. The project 
manager for Product A1 also insisted on limiting the points of communication between the 
two distributed teams. Through this single, reliable communication link, the requirements and 
feedback were communicated back and forth. This resulted in saving both time and effort 
required to solve conflicting issues and reach consensus on a set of requirements. 
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7 CONCLUSION 

This chapter discusses an overview of the research reported in this thesis, the contributions of 
the thesis and possible directions for future research. 

7.1 OVERVIEW 

Requirements validation activities ensure that the developers are working with a set of 
requirements that are a true representative of users' intents. It is a communication-intensive 
activity and requires interactions between a diverse group of people including analysts, 
customers of the intended system and users in the problem domain [6]. These people differ on 
grounds of varying background, skills and knowledge level; an increased amount of 
communication effort is required to bridge the semantic gap between them [7]. 

Carrying out this communication and coordination between the relevant stakeholders is a key 
challenge of Global Software Development (GSD) [3]. Communication and coordination are 
encumbered by various factors in GSD like geographical distance (making travel difficult), 
temporal distance (different time zones) and socio-culture distance (language and culture) [Z]. 

Various techniques are employed for the purposes of requirements validation; widely applied 
techniques include prototyping, animation, inspections and natural language techniques. 
These techniques, however, face challenges when used in a global software development 
environment where teams are separated by geographical, social and cultural distance and 
collaborate over these national and cultural boundaries to meet software project needs and 
objectives. 

The widespread use of geographically distributed resources for software development, the 
significance of carrying out requirements validation techniques and the need for appropriate 
communication and coordination mechanisms for dealing with the problems encountered is 
the basic motivation behind carrying out this research. 

For our research purposes, we have performed an extensive literature review of global 
software development specifically in reference to communication and coordination issues of 
global software development. In light of these problems, we have evaluated the widely 
employed requirements validation techniques on basis of a proposed evaluation framework to 
fmd out how well they fare in global context, their strong and weak points in such a 
development environment, and their particular needs or requirements for improving their 
effectiveness. Based upon the results of evaluation, we propose a solution to best deal with 
the issues that are a hindrance towards achieving the maximum possible technique 
effectiveness. 

The following section highlights the major contributions of this research. 
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7.2 CONTRlBUTIONS OF RESEARCH 

The major contributions of this thesis include: firstly a proposed framework for evaluating 
individual requirements validation techniques and analyze the extent to which they are 
affected by communication and coordination issues of GSD, secondly a comparative analysis 
of requirements validation techniques on basis of the proposed framework to determine the 
techniques that would fare best in a globally distributed software development environment, 
and thirdly a proposed solution for tackling with GSD communication and coordination 
problems in employing the most appropriate requirements validation technique. 

The framework for evaluating requirements validation techniques, with respect to 
communication and coordination in GSD, has been developed by reviewing the literature 
pertaining to communication and coordination problems in GSD, communication and 
coordiation requirements for a particular technique and other factors that enable and 
influence communication and coordination in a geographically distributed environment. 
Development of this framework was necessitated by the fact that there are no RV techniques 
designed specifically to cater to the needs of GSD context. Traditional techniques for 
collocated development are employed but no evaluation of these techniques exists to 
determine how they fare in the GSD environment. Therefore, this framework assists in 
finding out the extent to which these techniques are affected by GSD and to discover their 
shengths and weaknesses in GSD relative to communication and coordination. 

The comparative analysis of RV techniques based on proposed framework dunensions has - .  

attempted to offer an insight into how RV techniques are challenged by communication and 
coordination issues of GSD. Realization of these challenges can assist in identifying effective - . - 
communication and coordination mechanisms, which can have a direct bearing on the success 
of the validation process. Evaluation of the techniques shows that they are influenced to 
varying degrees by the issues of GSD. From the evaluation, prototyping proves to be the best 
choice for validating requirements in a GSD environment It works as an interaction medium 
between the multiple stakeholders thus improving the quality of communication. It requires 
lesser communication and coordination activities as compared to inspections and NL that 
necessitate high interaction between the relevant stakeholders. 

A solution has been proposed in this thesis to enhance the effectiveness of prototyping efforts 
in GSD environment, specifically in terms of communication and coordination. Firstly, a 
communication model has been proposed to appropriately deal with the problems and issues 
identified from Literature. This model defmes communication paths between the relevant 
stakeholders that are essentially required. This model takes into account the major user 
groups for defining communication l i i  between the stakeholders but depending upon need 
and context it can be enhanced to cater to the needs of that particular project and situation. 
Secondly, the proposed solution provides a guideline towards use of appropriate combination 
of mode and media for enabling communication between the paths identified in the model. 
This solution has been validated by means of a case study. A number of communication and 
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