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1 Introduction 

1.1 Introduction 

In the globalised business environment and with skilled manpower being available in many parts of the world, 

companies are increasingly preferring to work with distributed teams for implementing projects, for reasons such 

as cost saving, harnessing geographically dispersed talent, reducing time of project turnaround and for 

rationalising resource commitments (Sureshchandra and Shrinivasavadhani, 2008). The Agile methodology, 

which is the most commonly used approach to software design, is arguably best suited for co-located project teams 

(Ramesh et al., 2006). However, with the use of the right tools for communication and coordination, it is possible 

to deliver productive, cost-effective and timely projects in Agile while avoiding common pitfalls such as 

miscommunication, inconsistent quality and a lack of trust among team members. This paper is an exploration of 

the tools that can be used for achieving this.  

1.2 Problem statement  

The Agile methodology is one of the most effective approaches to software design and implementation, but is best 

suited for co-located teams. Communication is a significant challenge in adopting the Agile methodology for 

distributed teams. This paper explores various tools and technological solutions adopted by distributed Agile 

teams for effective delivery of software projects.  

1.3 Background 

Sharp and Robinson (2010) highlight that globalisation and competitive pressures are rapidly changing the skill 

sets required for individuals and organisations to succeed in new and rapidly evolving markets. This has made it 

imperative for individuals and organisations to continually update their skill sets and adopt new technologies in 

order to remain competitive. The process of globalisation, while creating new challenges and new market 

demands, has also opened opportunities for tapping into new pools of talent. Skill development within an 

organisation and at a particular geographic location can be augmented with tapping into an existing pool of skilled 

resources, who may be in another part of the world (Sureshchandra and Shrinivasavadhani, 2008). As the 

competitive advantages of utilising skilled resources often outweigh the challenges posed by geographic distances, 

such as different time zones, and cultural differences, companies are increasingly utilising teams comprised of 

individuals distributed over different countries, for a given project. Distributed Agile teams have become an 
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important part of software implementation, and therefore, tools and systems which allow for better communication 

have become an important part of software projects.  

1.4 Aims and Objectives 

The aim of this paper is to determine the need for using dedicated communication tools for distributed Agile 

projects. It begins by comparing the relative merits of Agile with other delivery systems and methodologies in a 

distributed environment. It studies popular communication tools and their effectiveness in ensuring more 

productive project delivery across geographic locations. It will explore tools for improving productivity, as well 

as tools used for better interpersonal communication across physical distances and geographic boundaries. Lastly, 

this paper explores the strengths and weaknesses of different conventional systems and possibilities for developing 

more productive tools.  

1.5 Research questions 

The research paper explores the following questions:  

1. What are the challenges faced in communication by distributed Agile teams?  

2. What are the relative merits of tools used for communication in distributed Agile teams?  

3. How can communication be improved for better project delivery in the constraints of project delivery 

using a distributed Agile methodology?  

1.6 Motivation 

The Agile methodology has been designed for use by co-located teams. However, globalisation, competitive 

pressures and a global availability of skilled programmers has made the use of distributed teams more time and 

cost effective. However, distributed Agile teams come with their own set of challenges. The biggest challenges, 

in terms of team dynamics as well as quality software implementation, are created by inadequacies in 

communication in Agile teams. There are three reasons for choosing this topic for research. First, the Agile 

methodology is by far the one most widely used for software development, being used for 35% of all software 

delivery (Chaudhuri and Donthula, 2011). Second, distributed teams are rapidly becoming an important 

characteristic of the software industry, and will be the norm in the future. Third, communication is the most 

significant challenge in distributed Agile teams, being the most important challenge for over 11% of software 
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projects (Chaudhuri and Donthula, 2011). In this context, tools which improve communication within a distributed 

team play a crucial supporting role in software development.  

1.7 Research structure 

This paper first explores existing research to examine the need for distributed project delivery teams in the modern 

business environment, and the challenges created by therein. It uses secondary research to study the challenges in 

communication faced by distributed Agile teams, their impact on product quality, and the relative merits of 

different project delivery methodologies in addressing them. The research uses secondary research and existing 

case studies for data collection and analysis. Lastly, the paper makes recommendations for improving the impact 

of tools used for communication in distributed Agile teams, to maximise their utility and effectiveness.  

1.8 Chapter summary 

This chapter has provided an overview of the modern business environment, and the challenges posed to software 

companies that are making distributed Agile projects more popular. Pressures of globalisation and competition 

from other companies is increasing the adoption of the distributed Agile methodology for cost savings and lower 

time of delivery. Challenges in communication in distributed Agile teams can result in poor intra team bonding 

as well as inconsistent software quality. Therefore, tools that improve communication in a team can play a crucial 

role in project delivery.  

2 Literature review 

2.1 Introduction 

Ambler (2006) explains that the Agile methodology is an iterative and incremental approach to software 

development which is performed by self-organising teams in a highly collaborative manner. An intuitive approach 

to team structuring, and overcoming challenges inherent to culturally diverse and geographically dispersed teams 

is possible on account of a thorough and effective governance framework. The Agile framework allows a team to 

produce high quality software in a cost effective and timely manner, in a manner that is flexible and adaptable 

enough to meet the changing needs of the stakeholders (Ambler, 2006).  

The Agile manifesto emphasises individuals and interactions over processes and tools (Beck et al., 2001). It also 

stresses on funnelling the efforts of the workforce toward developing working software, instead of working on 

extensive and detailed documentation. The Agile methodology has been designed around the concept of flexibility 
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in design. Changing customer requirements are a reality of software design, and using the Agile methodology 

allows the development teams to be adaptable to changing product specifications by facilitating their ability to 

respond to change rather than follow a defined plan (Beck et al., 2001). Close collaboration with the customer is 

preferred in Agile over simply negotiating an inflexible contract (Beck et al., 2001).  

With its preference for face to face interaction over communication tools, the Agile methodology is better suited 

for co-located teams. However, globally distributed software development teams are a reality in the modern 

business environment. The Agile development standards must therefore be adapted to teams spread over different 

countries and time zones (4.Sureshchandra and Shrinivasavadhani, 2008). A number of tools can be used for 

overcoming the unique challenges presented by cultural differences and varied time zones.  

2.2 Globalisation and the changing nature of work 

Globalisation has opened new markets for companies, but has also allowed competitors from across the world to 

operate in domestic markets that they dominate, because of which the global work environment has grown more 

competitive. Increasing competition from other companies across the world has also facilitated rapid advances in 

technology which brings competitive challenges in the form of disruptive innovations. This competition has 

pushed many companies into minimising competition by specialising their product range and investing in the 

development of unique skill sets (Carmel, 1999). This has, in some cases, necessitated the formation of project 

teams comprised of members from different companies, with specialised skills. Such multi-sourced teams come 

with unique challenges and necessitate dedicated and skilled management to ensure productive and efficient work 

despite cultural, geographical and spatial challenges.  

This trend of globalisation has been supported by the rise of new communication and collaboration technologies 

that facilitate work in distributed teams. Software development teams increasingly make use of technology 

platforms such as web conferencing solutions, phone bridges for conference calling, and products such as 

Telepresence and Webex for video conferencing and screen sharing (Chaudhuri and Donthula, 2011).  

Collaboration is facilitated using tools such as wikis, which allow teams with differing product visions to rapidly 

come to a consensual agreement on the standards of development, high level architecture and design 

specifications, and resource sharing and collaboration platforms such as SharePoint and cloud-based storage. 

Common software development and testing standards are ensured by global licensing of development and issue 

tracking platforms such as Visual Studio and Bugzilla (Chaudhuri and Donthula, 2011). But more important, and 

underlying these tools, are guidelines and processes that allow team members to follow best practices that ensure 
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effectiveness in software delivery. Agile is increasingly becoming the most popular methodology for achieving 

this on account of the fact that its standards and recommended processes have been adopted specifically with the 

software industry in mind, which has product development, release and lifecycle trends that differ widely from 

traditional products that have typically been manufactured in factories. The unique characteristics of software 

products, such as their ability to be updated remotely in the middle of their life cycle, underscores the need for 

unique development methodologies such as Agile that can ensure efficiencies of cost and time to market during 

product development (Beck et al., 2001).  

2.3 Towards a globally distributed team 

Most software development today is done by distributed teams. Distributed teams can pose challenges such as 

coordination across different time zones, differing work cultures, regional challenges, and so on. However, the 

advantages provided by globally distributed teams by and large supersede the challenges posed by their adoption 

into an organisation. One of the key advantages provided by distributed teams is lowered costs of software delivery 

(Chaudhuri and Donthula, 2011). Having a distributed teams allows an organisation to scale up development and 

thereby reduce the time of delivery. Distributed teams can work around the clock, which increases speed to market 

for the company’s new products. Distributed teams thereby lead to greater productivity. Competitive pressures 

are another factor leading to an adoption of distributed teams. If a competitor enjoys cost advantages and lowered 

time of delivery on account of operating distributed teams for software delivery, the company must do the same 

in order to remain competitive in terms of costs of operations and time of delivery (Chaudhuri and Donthula, 

2011). To an extent, improving product quality is also a reason for operating through distributed teams. While 

distributed operations can pose challenges of communication, coordination and logistics, it also allows the 

company to employ resources with specialised skill sets, which may be difficult if it operates in a single geographic 

location.  

Distributed teams allow for cost-savings through practices such as outsourcing and off-shoring. For globalised 

companies, which have access to skilled talent across the world, it increasingly makes sense for business teams to 

adopt the ‘follow the sun’ model for ensuring efficiency (Sureshchandra and Shrinivasavadhani, 2008). Given the 

need for cost-cutting and under circumstances of a shortage of financial resources, operating distributed teams 

can maximise the utilisation of available resources. For reasons of efficiency, employee motivation and cost-

cutting, companies are encouraging a ‘work from home’ culture. This has led to the rise of distributed teams even 
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for companies which have small and localised teams. Mergers and acquisitions are another factor that can lead to 

the rise of distributed teams.  

2.4 Challenges of distributed teams 

2.4.1 Cultural challenges 

Since distributed Agile teams are formed of team members spread over geographically dispersed locations, it is 

natural that there will be cultural differences among the team members. The challenges created by these cultural 

differences are unique to each team and specific to its particular cultural mix, and in fact, the cultural values and 

preferences of the individuals that it comprises of (Holmstrom, 2006). For instance, while one team member in 

China may find a conversation about his life as friendly bonding, another may deem it intrusive. It is therefore 

essential that management and behaviour in a team is moulded according to the specific cultural challenges posed 

by the dynamics of the team, and not apply preconceived notions and assumptions about cultural values and 

preferences to communication within the team.  

The Social Identity Theory explains that individuals in culturally diverse teams have a tendency to affiliate with 

and better perceive members who come from cultures that are same as or similar to their own (Hogg, 2006). The 

challenge of overcoming cultural challenges is therefore that of overcoming inherent tendencies of biased 

perception among team members and ensuring efficiency by an emphasis on merit, by overcoming challenges 

inherent to cultural diversity.  

Cultural challenges are of two types. One kind of cultural challenges are those created by inherent differences in 

culture, such as language barriers. The other type of cultural challenges pertains to differences in work culture 

(Holmstrom, 2006). According to a number of studies, the biggest challenge posed by culturally diverse teams is 

that of communication. Language barriers posed by different levels of proficiency in a common language, 

challenges in communicating disagreements or points of view accurately and misunderstandings that lead to 

rework of interface or code are common, especially so when tasks are distributed according to geographic location. 

For instance, if a team in the United States is writing code for workflows, and another team in India is designing 

the web interface, it is possible that misunderstandings in communication may lead to workflows that are not 

consistent with the interface that users utilise to execute them.  

Differences in work culture are harder to quantify and predict. Standards of work and perceptions may differ from 

culture to culture. For instance, developers from different cultures may have differing notions of the sanctity of 
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work deadlines, the exactness of adherence to documented design plans and the level of interaction with other 

team members and with clients (Holmstrom, 2006). Different time zones also create the challenges of working 

together in convenient time slots, which is further compounded by differing notions of what time of the day is 

acceptable for work. Not only have work dynamics been shaped by cultural distinctions, but varying attitudes and 

cultural notions have also shaped work ethic and practices in the globalised work environment.  

2.4.2 Geographical challenges 

Distributed teams face a number of challenges on account of geographic distances. These may be challenges 

created by the distances, or a consequence of the limitations of technology used for communication and 

coordination over different geographies. For instance, a common challenge that distributed teams face is that of 

different time zones. Companies typically use a ‘follow the sun’ model for work distribution (Holmstrom et al., 

2006). However, the challenge posed herein is that of using overlapping work hours. Project leaders may maintain 

a table of start and end timings for working hours for all time zones in which team members are operating from. 

Multiple meetings with different stakeholders, or meeting at odd hours may be required to ensure acceptable levels 

of communication. However, geographical challenges are also posed by the limitations of tools used for 

communication and coordination between team members (Holmstrom et al., 2006). Video conferencing has high 

bandwidth requirements, and even then, call quality may be impaired to the degree that it may be difficult to read 

non-verbal cues and other subtle connotations effectively. Screen-sharing also has higher bandwidth requirements, 

and needs specialised tools and system specifications to be effective as a real time tool for team activities.  

2.4.3 Spatial challenges 

A distributed Agile project team is likely to experience spatial challenges, especially if the project team does not 

have a flat hierarchy. Resources may be sourced from multiple companies to form a distributed team, all of whom 

will bring a set of expectations based on a unique work culture. They may also have different agendas and goals 

with respect to the project, leading to a lack of trust and increasing the likelihood of disagreement (Holmstrom et 

al., 2006).  

2.5 The communication problem 

Communication is by far the biggest challenge in a distributed Agile team. Over 11% of the members of distributed 

Agile teams list communication has the biggest challenge in project execution (Chaudhuri and Donthula, 2011). 

As opposed to work in co-located teams, communication in distributed locations is dependent on technological 
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factors. There is no feasible technological solution that can convey the subtle nuances of communication in real-

time and in a cost-effective manner, in a way that is comparable with face to face communication. Technologies 

such as video conferencing are constrained by limitations to hardware capabilities and bandwidth.  

Regional and cultural backgrounds also have a major impact on the quality of communication. Having a common 

language of working is a fundamental requirement in a distributed project team. However, having a common 

language is not sufficient for ensuring good communication, as variations in dialect, different accents and varying 

degrees of proficiency on the language affect the ease of communication and may also affect the quality of work 

accomplished (Gopal et al., 2002).  

In a distributed project team, it is easy for team members to restrict most communication into location silos. Since 

face-to-face communication is usually easier than remote conferencing using communication tools, most 

communication can be restricted to team members in a given location, unless care is taken to ensure otherwise. 

Falling into silos can be avoided by scheduling regular and frequent meetings between team members across 

different time zones, and better use of technology. Another problem in case of communication in a distributed 

Agile team is that of ambiguous, insufficient and delayed information. Ambiguity can creep into communication 

when information is shared from team to team, rather than in fewer meetings among more teams, or in thorough 

and detailed documentation (Korkala and Abrahamsson, 2007).  

Problems of communication are compounded if the expectations of team members are not set right at the outset. 

Communication problems can be avoided if team members are aware of the limitations of the technologies used 

by them, and the best ways of making the most of them. Problems in communication are also reduced if the team 

members have a degree of familiarity, which can be facilitated by in-person interactions at regular intervals.  This 

can avoid the problem of ‘us vs. them’, which often arises in communication.  

2.6 Impact of communication on team performance  

In software development, the performance of a team is measured in terms of its ability to deliver requirements 

within constraints of time and budget, at acceptable standards of quality. This is challenging in a distributed team, 

because different functional requirements are coded by disparate teams working from multiple locations. The 

quality of communication within the team thus has an impact on the consistency of coding standards followed, 

the evolution of a common user interface and seamlessly transitioning workflows. On the other hand, poor 

communication may result in the delivery of poor quality software (Wallace et al., 2004). If there are lacunae in 
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the schedule of communication, the technology used for this and the level of trust within a team, then deadlines 

can be affected by software modules that are inter-dependent and being developed at different locations, or in case 

of dependencies during phase transition – for example, if unit testers in China are awaiting the delivery of code 

from developers in India. Improper communication can thus affect timelines, result in budget overruns and affect 

software quality. On the other hand, good communication can ensure that teams in different locations can work 

seamlessly, resulting in cost and time savings envisioned in distributed project delivery.  

2.7 Communication technologies and team interaction 

Distributed teams need two kinds of communication tools. Some communication tools are needed for ensuring 

that project requirements, timelines, bug lists, coding standards and other documentation are easily accessible and 

understood by all, with no ambiguity. Other communication tools are used for ensuring coordination, team 

bonding, trust and easy verbal communication between team members in different locations.  

Wikis are commonly used by distributed Agile teams for brainstorming, designing workflows, defining coding 

standards and outlaying the objectives and goals of the sprint or project. Team wikis allow a team convenient 

access to freely structured data that can be updated frequently. They are highly customisable as per the needs of 

the team, sprint and software product. Being collaborative in nature, they are useful for ensuring easy and 

unambiguous collaboration between team members in different locations. They are helpful to distributed teams 

for creating a common knowledge base (Al-Asmari and Yu, 2006), and are therefore a commonly used for 

documentation in Agile projects. Agile teams may use stand-alone wikis or use wikis built into platforms such as 

SharePoint. 

Tools such as information radiators and virtual task boards are useful for providing essential information to teams 

pertaining to a specific phase of the sprint, while the activity is underway. In a distributed Agile project, 

information radiators are virtual task boards placed in an easily accessible location on the intranet network or 

online, which provide ready visibility to current tasks and responsibilities (Chaudhuri and Donthula, 2011). A 

virtual task board is more appropriate for activities such as bug fixing or testing. It provides an interface which 

allows users to classify a particular entity as ‘to do’, ‘in progress’, or ‘done’. It minimises the likelihood of 

oversights in complex tasks and serves as a focal point for teams to plan their daily activities, ensuring that the 

software product is delivered on time and free of errors (Chaudhuri and Donthula, 2011).  
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The most commonly used tools for team interaction are video conferencing and audio conferences (Carmel and 

Agarwal, 2001). Audio conferences, typically on conference bridges, are inexpensive and easily accessible 

platforms for distributed project teams to take stock of their pace of activities, have discussions and make low-

impact business decisions. Video conferencing is used where a simulation of in-person interaction is preferable, 

and as the constraints of hardware and bandwidth allow it. Video conferencing allows participants to understand 

the body language and emotions of other participants, resulting in better communication. It is recommended for 

larger projects and for meetings that lead to high value decisions.   

2.8 Practices for managing distributed team 

2.8.1 Scrum  

Agile is the primary development approach for 35% of all software projects, of which Scrum is the most popular 

framework, being used in 10.9% of all development projects (Chaudhuri and Donthula, 2011). Scrum is a project 

delivery framework based on the Agile methodology. It is not a methodology itself, but a tool that can help the 

software development team to gain the information that it needs to build high quality software that meets client 

needs within constraints of time, budget and an optimal level of effort. Scrum is an Agile framework that allows 

for the delivery of the highest value in the shortest span of time. To achieve this, Scrum used self-organised teams 

that inspect customer requirements and classify functionality in terms of priority. On account of priority, the 

software requirements are scheduled for delivery in a number of sprints, of which each development sprint is no 

longer than a month long. The functionality developed is repeatedly inspected, at intervals of every two weeks or 

every month. Daily stand up calls – called so because these calls are done while remaining standing, to keep them 

short – ensure better communication between members of the development team and ensure coordination between 

verticals. These stand up calls are also known as scrums (Schwaber, 2004). With the release of each sprint, users 

gain experience on the software provided in accordance with the functionality for that release. The software 

delivered in each sprint is reviewed by the stakeholders in a sprint review. Any changes requested can thereby be 

incorporated into the upcoming sprints, ensuring that time and effort are not wasted in redoing the development 

to accommodate changing business needs. Scrum is an effective approach for software delivery because it 

maximises the focus of effort on software development. It ensures that management of software delivery is 

possible with a low overhead. Daily communication of status through daily scrums ensures that impediments are 

visible on a daily basis (Schwaber and Beedle, 2002). More importantly, it ensures that the number of stakeholders 

is reduced to the most critical ones, and impediments to the work of the team are removed, with the development 
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team having the authority to take the action required to ensure delivery of the software product within time, effort 

and budget.  

Delivering a project in Scrum involves coordination between engineers and stakeholders performing three roles – 

the Product Owner, Scrum Master and the Team. The Product Owner defines features and requirements for the 

software product that is to be developed. These requirements are captured in an artefact called the Product 

Backlog. The role of the Product Owner is to manage the Product Backlog to optimise return on investment. He 

uses the Product Backlog as a reference for directing the work of the Team, providing specifications and 

clarifications, and for inspecting the deliverables of each sprint. Inspection of each sprint leads to feedback in the 

form of acceptance or rejection, which minimises surprises to the Team and avoids wastage of resources and effort 

in redoing the development (Schwaber, 2004).  

The Scrum Master is the manager for the project, and is responsible for enacting Scrum values and practices to 

the project. The Scrum Master ensures that all requisite Scrum processes are followed, and shields the Team from 

external interference. He removes impediments to the Team’s functioning and ensures that the Team have all the 

resources they need to be fully functional and productive, and thereby improves the quality of delivery. The Scrum 

Master instructs and aids the Team and Product Owner in fulfilling their roles and ensures close cooperation 

between all parties (Schwaber and Beedle, 2002).  

The Team that delivers the software is typically cross-functional, and consists of 5 to 9 members (Schwaber, 

2004). The Team selects goals for a sprint and makes commitment at its discretion. Teams in Scrum are self-

governing, and manage themselves and their work with full authority. The Team collaborates with the Scrum 

Master and demonstrates completed product functionality to the Product Owner. During project implementation, 

the Team has the authority to do anything necessary to accomplish sprint goals within deadlines and budget, within 

development standards.  

2.8.2 Extreme programming  

Extreme Programming, abbreviated as XP, is a software development methodology based on Agile which has 

been designed with the goal of improve software coding, reducing time and effort involved by minimising coding 

errors, and ensuring high responsiveness to customer requirements. As a general principle, all beneficial practices 

in software design are performed as much and as often as possible in extreme programming. In spite of being 

derived from the Agile methodology, extreme programming differs from Scrum in some significant ways (Beck, 
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2000). Extreme programming is less compatible with the use of distributed teams than Scrum is. Aside from the 

software development team, a business representative, called the Customer, is expected to be at the same location 

as the development team and be available daily during working hours for interaction and feedback. Extreme 

programming practices pair programming, in which programmers work in teams of two, with each pair working 

on a single workstation. This ensures that the quality of code is better and more efficient, since the programmers 

can come up with different and better ideas as a pair rather than singly. It also ensures that while one programmer 

is writing the code, the other can review it in real time and ensure that it meets the coding standards being followed 

for that project. Code is compiled frequently, with builds typically happening eight to ten times a day (Beck et al., 

2001). The programmers write code for the current requirements only, and make no provision in the code for 

requirements that are to be integrated in the near future. This, along with continuous integration and frequent 

testing ensures that the product is robust and usable with every release. As a principle, extreme programming 

makes the code the responsibility of the entire team, with continuous integration ensuring that everyone can read 

the code as it is added, consistent coding standards are maintained for all pairs of programmers, and any 

programmer is capable of modifying the code of any other team member. Extreme programming typically works 

in teams with a flat hierarchy. Testing is emphasised at every level of programming, including integration testing 

during coding, and extensive user acceptance testing after each iteration (Beck et al., 2001). Tests are made as 

extensive as possible, and user testing at every iteration covers the entire functionality of the software. This ensures 

that an existing functionality is not compromised in the process of coding new features. The guiding principle of 

extreme programming is to ensure that rework on account of missing functionality or bugs is minimal, thereby 

saving costs and efforts over the project lifecycle. Sustainable pace of development is another characteristic of 

extreme programming. As a principle, developers do not commit to put in any more effort in a day than they 

would be able to put in on a consistent basis. A sustainable pace of work ensures consistency of quality and greatly 

reduces the likelihood of errors. Extreme programming is thus a methodology that is better suited to long term 

projects (Beck, 2000).  

With its emphasis on practices such as pair programming and an on-site business representative, extreme 

programming in its pure form is not conducive to work in distributed teams. However, with certain relaxed criteria, 

extreme programming can be used by distributed teams for achieving programming excellence. Such a 

methodology is called distributed extreme programming, or DXP, and it applies the principles of extreme 

programming to a distributed and mobile environment (Kircher et al., 2001). Distributed extreme programming 

may be essential if mandated by project constraints, such as the project being sanctioned with teams across the 
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world, or by individual constraints, such as a team member’s inability to work on-site. Distributed extreme 

programming is also warranted in circumstances typical to most distributed team projects. These include cost 

rationalisation by distributing teams across two or more countries, and the involvement of mobile team members 

whose work profile demands their remaining on the move. Distributed extreme programming also makes customer 

involvement more convenient, since the business representative need not be on premise with the development 

team, as mandated in extreme programming. In order for distributed extreme programming to be successful in 

delivering projects, connectivity between team members is essential, either by way of the Internet or a company-

wide intranet network for intra-organisation projects. Email is a crucial tool in distributed extreme programming 

projects, as is video conferencing. Effective distributed extreme programming requires software that enables 

screen sharing, and configuration management tools to manage programming artefacts.  

Tools such as video conferencing and frequent audio calls can go a long way in ensuring good communication 

within a development team, particularly if the members are already familiar with each other. When deciding on a 

tool for communication, factors such as cost of equipment, usage, travel costs, bandwidth, time constraints, the 

level of comfort of all participants with the technology and other factors need to be considered. Hardware 

constraints also need to be considered, as the workstations used by DXP team members need to have strong coding 

as well as multimedia capabilities. It is important to plan work schedules that allow team members to meet and 

interact at a timing that is acceptable to all. Pair programming can be replaced with remote pair programming 

(RPP), which requires video conferencing and application sharing support, and working together in an integrated 

development environment (Kircher et al., 2001). Applications can be used for creating virtual story cards during 

requirement gathering prior to each iteration. Since the use of a stand-alone workstation for integration is not 

possible in a distributed working environment, continuous integration needs to be practiced. If any of the team 

members is working at the central team site, all team members can use that workstation for common integration. 

Integration on individual machines can also be done as a compromise. Video conferencing should be used for 

involving remote customers. For this, it is essential to carefully weigh constraints of video conferencing software 

availability at all locations, available bandwidth, costs and cultural barriers which may affect communication.  

2.8.3 Waterfall 

The Waterfall model, in contrast to incremental approaches such as Scrum and extreme programming, is a 

sequential design process. In the Waterfall model, each stage of software design follows sequentially to others, 

and is complete in itself. For instance, the entire design phase is completed prior to the start of the development 
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phase, which, in turn, also has the scope of design of the entire functionality of the software system. The design 

phase may also involve sub-stages such as defining screen specifications, system specifications and report 

specifications. Until one phase of the software development is completed, the next does not commence. The 

Waterfall model was developed during the early stages of the software design industry, when development 

methodologies appropriate to the software industry did not exist. As a consequence, the project implementation 

models used in industries such as construction and manufacturing were adapted to software development. In 

industries such as construction and manufacturing, thorough and extensive design planning, along with dedicated 

focus on a single stage of the project at a time, is essential, as reworking developed products may be cost 

prohibitive (Laplante and Neill, 2004). However, this is not necessarily true for software design, as rework of 

functional requirements, bug fixes and upgrading the software is a common occurrence. Thus, the approach of the 

Waterfall model is in contrast with that used for projects developed under the Agile Methodology, in which design, 

coding and testing of different functionalities of the project may be underway simultaneously. Each phase involves 

extensive documentation, often adhering to specific templates. The Waterfall model emphasises on thorough 

documentation to ensure that functional requirements are not misinterpreted, in order to avoid costly rework. This 

again is in contrast with approaches such as Agile. In case that the client demands rework of functionality or a 

change request is raised, the change request is implemented by taking the project through the entire cycle of the 

Waterfall model.  

Research shows that the Waterfall model is the most efficient and reliable method for software development, 

provided that user requirements are not altered. The Waterfall model is based on the assumption that software 

requirements do not change, and that the job of a software delivery team is to gather requirements from the 

customer, document them accurately, negotiate a contract, and develop, test and deliver software on basis of these 

requirements. However, changing customer requirements are a reality of product development. In such a scenario, 

the Waterfall model does not provide the flexibility that development teams need to adapt to changing customer 

requirements and yet deliver quality software within scope of time and budget. It has been found that in a typical 

software project delivered using the Waterfall model, an average of 35% of the requirements change. Further, 

over 60% of the functionality implemented is never used, on account of changed business needs. This is a waste 

of the human, financial and time resources for the software team as well as the project stakeholders. In the context 

of the changed business environment, Waterfall processes act as obstacles to rapid, high-quality and predictable 

software delivery (Chaudhuri and Donthula, 2011).  
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One of the advantages of the Waterfall methodology is that it places emphasis on meticulous record-keeping. Such 

record-keeping allows for updating the system in the distant future, or by another development team that may be 

unfamiliar with the original work. Estimates of size, cost and time requirements for the project are thorough and 

clear, and the client is aware of all resource estimations before the project commences, ensuring full client 

commitment for the duration of the project. The Waterfall development model is therefore ideal when the client 

is fully aware of the expectations from the final software product. If thorough, detailed development and not time 

of delivery are imperative, and if the client is committed to not altering the scope of the project in the future, the 

Waterfall development model may be suitable for the project. Thanks to the meticulous and detailed 

documentation involved, the Waterfall model is also ideal for distributed teams. Client involvement in the project 

during the development and integration testing phases is minimal, which means that clients and the development 

team can be at separate locations, unlike the extreme programming methodology. Detailed documentation also 

makes it possible for the development team to be distributed, with programmers working on separate functional 

requirements. Tasks such as requirements gathering, design documentation, integration testing, development and 

customer support are usually performed by separate teams. This makes a distributed work environment feasible 

without affecting the quality of work. As with any distributed team, connectivity by means of email and phone is 

essential in order to ensure control over the pace and quality of work. However, given the detailed approach to 

requirement gathering, software design and testing documentation, sophisticated, specialised tools for 

communication are not essential for projects developed using the Waterfall methodology.  

2.9 Summary 

Problems of communication in distributed project teams have their root in cultural, geographical and spatial 

challenges. Therefore, tools used for improving communication in distributed Agile projects address these 

constraints. Software development is implemented by adherence to either the Waterfall model, or to an Agile 

methodology such as Scrum or extreme programming. These approaches can be adapted to the distributed working 

environment with varying degrees of effectiveness. While Scrum and extreme programming can be used by 

distributed teams with regular interactions using communication tools, projects implemented in Waterfall require 

extensive documentation and rely less on communication tools for coordination in distributed teams. Thus, 

although a distributed team may choose any appropriate approach for product development, the significance of 

communication tools in reducing problems depends on the methodology adopted for the project.  
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