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Abstract 

Coordination in modern Software Development involves high levels of collaboration 

between multiple individuals having different capabilities, skills, and knowledge to 

achieve common goals. Coordination in this work environment requires harmonisation 

between tasks and deliverables, knowledge sharing among team members, and a 

shared understanding of how to work together. As a result, effective coordination in co-

located software development projects is associated with several contemporary issues 

and challenges. These issues are even more complicated in geographically distributed 

contexts because several coordination mechanisms supporting co-located projects are 

either absent or inadequate. In addition to the challenges associated with spatial, 

temporal, and configurational differences, projects in distributed settings face increased 

coordination complexity. Having witnessed the success of agile methods in small co-

located projects, organisations are striving to blend agile methods and distributed 

development to reap both benefits. Therefore, this thesis explores how coordination is 

managed in Distributed Agile Software Development projects.  

Evidence was drawn from a multi-case study approach to develop a comprehensive 

coordination model with four key concepts (i.e. dependency type, dependency risk, 

coordination strategy, and coordination effectiveness), along with their constituting 

components and associations. The model explains that there are knowledge, activity, 

and resource type dependencies in distributed agile software development. These 

dependency types are influenced by the dependency relationship and situational 

factors, and may involve vulnerabilities that could lead to dependency risks. A well-

formulated coordination strategy contributes to eliminating dependency risks and, thus  

coordination effectiveness. 

It contributes to the body of knowledge in several ways: first, it presents an empirically 

validated coordination model in distributed agile software development. The model 

includes three essential concepts of coordination: a taxonomy of dependency, 

coordination strategy, and coordination effectiveness. Second, it introduces the 
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dependency risk concepts associated with the key dependencies that influence 

coordination effectiveness. This relationship also guides the formation of the 

coordination strategy in achieving coordination effectiveness in distributed agile 

software development. Finally, it prescribes a repertoire of mechanisms for the 

practitioners to improve coordination performance by alleviating dependency risks and 

coordination challenges. 

The framework of analysis developed in this research can be adapted and applied in 

future coordination research in different contexts. The study’s findings also have 

important implications for practitioners. It suggests strategies for coordination 

effectiveness by considering the influence of the dependency antecedents and 

associated risks. The coordination strategy concept can be used to select agile 

practices that ensure effective coordination in distributed contexts.   
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Chapter 1 : Introduction 

 

“In order to be successful, you have got to have coordination” – George Potter 

The above statement designates the profound influence on the topic of this research as 

coordination is one of the many antecedents to software project success. Coordination 

in software development typically involves high levels of collaboration between multiple 

teams and their members and customers to achieve common goals. The complexity of 

modern software necessitates the involvement of many individuals with different 

capabilities, skills, and knowledge to understand the problem domain as well as design 

and deliver a software solution. The division of labour and integration of work to deliver 

a single coherent software product within a reasonable time box will, by its nature, 

involve the coordination of deliverables between development tasks, knowledge 

between teams and members, shared understanding of how to work together, and re-

synchronisation of understanding as requirements change. 

Well-coordinated development offers a number of benefits such as shorter time frames, 

and well-integrated, high-quality software that can be produced with less rework, and at 

a lower cost (Andres & Zmud, 2002a; Espinosa et al., 2007b). Conversely, poor 

coordination can lead to a number of development problems. For example, poorly 

coordinated dependencies between features worked by different teams could create 

misalignment of dependent works and integration problems that can lead to possible 

delays. Additionally, insufficient coordination between developers and testers in a team 

could result in testers being idle or overworked. Most contemporary software systems 

development involves teamwork, with individuals in teams and other teams 

collaborating with the clients to fulfil their requirements. Clients are often required to 

make decisions about requirements during software development and if this is poorly 

coordinated, misunderstandings or delays can result. Therefore, coordination in 

software development can be challenging because of such complex dependencies and 
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the potential high impact of poorly coordinated dependencies. This risk of coordination 

can be further exacerbated if the clients or teams or their members are geographically 

dispersed, because of fewer coordination opportunities at a distance. 

Due to the potential access to multi-skilled workforces and lower development cost, 

Distributed Software Development (DSD) has become a common phenomenon in 

modern software development (Ågerfalk Pär J. et al., 2008). Moreover, by leveraging 

the time-zone effectiveness, distributed modularized software development and closer 

proximity to the market, organisations could potentially be more productive (Ågerfalk et 

al., 2009). However, organisations are frequently challenged by various dispersion 

factors such as geographic distance, time and cultural differences, and organisational, 

and functional boundaries that create significant barriers to the DSD activities (Jiménez 

et al., 2009; Nguyen-Duc et al., 2015). Coordinating the development work with 

distributed parties is more challenging because many of the mechanisms for dealing 

with the dependencies in co-located teams are either absent or inadequate (Talukder 

et al., 2017). With DSD, where many stakeholders cannot easily meet face-to-face and 

have fewer opportunities for communication, some practices may need to be adapted 

and some new practices adopted to effectively manage their dependencies. The 

exacerbation of coordination problems due to the significant differences between co-

located and distributed development has been well recognised in the literature 

(Ågerfalk et al., 2009; Alyahya et al., 2022; Bendix & Pendleton, 2014; Espinosa & Boh, 

2009; Espinosa & Pickering, 2006; Jiménez et al., 2009; Verner et al., 2014).  

Agile Software Development (ASD) methods reflect the values articulated in the agile 

manifesto (Fowler & Highsmith, 2001). They place more emphasis on working software 

over comprehensive documentation, customer collaboration over contract negotiation, 

on people rather than on processes and tools, and embracing change over following a 

plan (Cockburn & Highsmith, 2001).  Agile methods are characterised by short iterative 

and incremental development cycles, high levels of collaboration within a development 

team, and a focus on mechanisms to improve an organisation’s ability to embrace and 
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respond quickly to changing requirements (Beck, 2000; G. Lee & Xia, 2010). In recent 

years, the use of ASD methods in organisations has made a significant contribution to 

improving software development practice (Dingsøyr et al., 2019). Part of this success 

and contribution may relate to the emphasis on coordination through rich 

communication channels and incorporating good coordination practices into the 

development process. For example, studies have reported on the successful 

incorporation of agile practices such as pair programming, refactoring, and automated 

builds, and artefacts such as information workspace (wallboard), product backlog, 

sprint backlog, and burn-down charts can effectively support coordination (Sharp & 

Robinson, 2008; Wagenaar et al., 2015).  

Based on their success in co-located projects, it is therefore natural that agile methods 

are now being increasingly used in distributed environments (Hoda et al., 2018; Jalali & 

Wohlin, 2012). Software development organisations are striving to blend ASD methods 

such as Scrum and distributed development to reap the benefits of both (Hoda et al., 

2018; Saxena et al., 2016). However, compared to each other, agile and distributed 

development approaches are based on significantly different tenets. For example, agile 

methods were proposed for small and collocated teams, whereas DSD incorporates 

stakeholders that are globally distributed; while agile methods mainly rely on informal 

processes to facilitate coordination, distributed development relies on formal 

mechanisms to coordinate tasks. These differences contribute to specific coordination 

issues and challenges in addition to the challenges associated with spatial, temporal, 

and configurational differences (Talukder et al., 2017). Some of these challenges 

include lack of shared understanding, delay in the management of project artefacts, 

conflicts due to misalignment of work, reduced trust, increased coordination overload in 

synchronising distributed effort, and increased coordination complexity due to 

miscommunication (Bannerman et al., 2011; Nguyen-Duc et al., 2015). 
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1.1 Research Problem & Motivation 

The efforts to adopt ASD in distributed contexts are not as simple as in co-located 

situations. There are inherent challenges in the adoption of agile practices in DSD due 

to contextual factors. For example, because of the physical and temporal differences, 

some of the agile recommended practices, such as frequent and regular face-to-face 

meetings and continuous participation of clients or their proxies, are difficult to adopt in 

a distributed environment. While a number of studies report on the ‘as-is’ adoption of 

agile practices in distributed development (Bannerman et al., 2011; Bick et al., 2016; 

Hossain, 2008b; Hossain et al., 2009), there are studies that suggest tailoring several 

agile practices could improve practitioners’ experience (Berntzen et al., 2022; Bick et 

al., 2017; Dingsøyr et al., 2019). Some of them suggest the adoption of a hybrid 

approach (mixing traditional and agile methods or including Community of Practices 

(CoPs) with agile), while others recommend tailoring the recommend agile practices for 

maximum benefit. However, evidence on the actual outcomes of such use has been 

limited and there are reports of findings of failure outcomes (Rolland et al., 2016).  

While ASD has been adopted to optimize how a team delivers software, its use in 

scaled and distributed contexts is still the object of research, with some emphasis on 

planning and inter-team coordination (Moe & Dingsøyr, 2017). In particular, the extant 

literature provides little understanding or evidence about how agile practices contribute 

to effective coordination in distributed development.  

The process of delivering software using more than one development team, often 

distributed, faces issues of dependencies, boundaries, coordination and/or 

synchronization. By identifying the main research challenges in DSD, Herbsleb (2007) 

highlights that the “geographic distribution of a project seriously impairs critical 

coordination mechanisms” (J. D. Herbsleb, 2007, p. 1).  The challenges include making 

decisions, setting goals, communicating, building trust and managing the team (Owen, 

2016). With the adoption of ASD, the process of coordination was rethought (Dingsøyr, 
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Bjørnson, et al., 2018) and require further empirical research on effective coordination 

strategies in the DSD context (Marthe Berntzen et al., 2021). 

Therefore, it is timely to reinvestigate the important concept of coordination in the light 

of agile distributed software development. The purpose of this study is to understand 

the coordination in Distributed Agile Software Development (DASD) projects to (1) 

understand the key concepts related to coordination, (2) identify the means of 

coordination in DASD and (3) investigate how these means could support effective 

coordination. In order to achieve these goals, the study aims to explore how distributed 

software projects are coordinated when using an agile development approach and 

what are the mechanisms and strategies that contribute to coordination effectiveness. 

1.2 Research Purpose & Research Questions 

Despite the growing popularity of agile methods, there is a lack of useful descriptive, 

explanatory, or predictive theory about ASD, and its relationship with project 

coordination (Bick et al., 2016; Niederman et al., 2018; D. Strode, 2012). While most 

related research has focused on how coordination occurs in agile projects, research 

that contributes to developing theoretical and conceptual foundations of coordination in 

agile development has been limited (Dingsoyr et al., 2012; Stray et al., 2022). In an 

attempt to address this gap, Strode et al. (2012) investigated how software projects are 

coordinated when using a co-located agile development approach and the impact of 

coordination strategy on coordination effectiveness. While Strode’s model provides a 

starting point for understanding coordination in co-located projects, recent studies have 

been conducted to investigate coordination in the DSD context (Sablis et al., 2020; 

Stray & Moe, 2020). 

There are a number of recent studies that explored various aspects of coordination in 

Large-scale Agile Development (Henrik Vedal, Viktoria Stray, Marthe Berntzen, 2021; 

Morken, 2014a; Nyrud & Stray, 2017; Sekitoleko et al., 2014). Some of these studies 

inherently cover DASD and its coordination, but it is difficult to extract and use that 

knowledge in research and practice due to the lack to precise guidelines. Moreover, 
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our systematic literature review indicates an apparent gap in the current body of 

knowledge on how coordination can be supported effectively in distributed agile 

projects. 

Therefore, the purpose of the research is to develop an in-depth understanding of 

coordination in DASD projects, based on empirical data, that would help both 

researchers and practitioners. The aim of this research can be framed in terms of one 

primary question, supported by four sub-questions: 

RQ1: How are the key dependencies coordinated effectively in DASD? 

To answer this overarching question, we will first explore the key dependencies that 

could be found in a DASD project by answering the following question: 

RQ1.1 What are the key dependencies in DASD? 

Once the key dependencies are identified, it is necessary to investigate the 

mechanisms used in the project to coordinate the dependencies, which would be 

answered by: 

RQ1.2 How are they coordinated? 

The effectiveness of these mechanisms could be measured by the ‘coordination 

effectiveness’ model defined in the research literature on ASD (Strode et al. 2011). 

However, its relevance and applicability in DASD settings are yet to be evaluated. 

Therefore, this study would focus on evaluating and redefining the concept of 

coordination effectiveness in distributed agile development by answering the following 

question: 

RQ 1.3 Is this coordination effective? 

Finally, an in-depth understanding of the problems and challenges faced by 

practitioners is deemed to have a significant impact on coordination. This would be 

answered by the final research question: 
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RQ1.4 What are the challenges and factors associated with the coordination 

mechanisms?  

1.3 Research Methodology 

To fulfil the research aim, this work first focuses on identifying the key dependencies in 

the DASD projects (to answer RQ1.1). In the second phase, this work establishes the 

relationship between the techniques and tools adopted for coordination (to answer 

RQ1.2) and the components of coordination effectiveness i.e. which techniques and 

tools contribute to which components (to answer RQ1.3). While doing so, this research 

also identifies the challenges that can hinder the effectiveness of coordination and 

opportunities that emerge from technological evaluation to mitigate those challenges 

(to answer RQ1.4). Finally using those multi-phased outcomes, this work fulfils the aim 

of the research by interpreting the outcomes to answer the primary research question 

(i.e. RQ1) of this study. 

This research uses a case study approach since it aligns with our aim of acquiring an 

in-depth understanding of the occurrence of certain phenomena in a real-world context 

(Yin, 2009). An exploratory multiple case-study approach is applied to produce the 

expected outcome underpinning the theoretical perspectives. This research adopts a 

combination of positivist and interpretivist epistemological approaches following the 

guidelines proposed by Lee(1991) to achieve a combination of positivist, interpretivist 

and subjective understandings. 

The research activities follow the well-established case study research framework 

proposed by Eisenhardt (1989). These activities are performed in multiple phases 

following the case study protocol templates crafted from pre-existing study templates. 

The coordination process of DASD projects is the unit of analysis selected for this 

research. The two case organisations of this research were selected based on the 

open invitation of participation presented at a meeting of a professional network of 

Agile practitioners. The primary selection criteria were that each organisation was 
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undertaking agile software development projects where some team members were 

globally distributed and were involved in a complex software project.  

Semi-structured interviews conducted at the organisations’ premises are the primary 

data collection method used in this research. Additionally, participants’ activity 

observations, project documents and artefacts are used to achieve data triangulation. 

The data are analysed using thematic analysis following the steps in Fereday & Muir-

Cochrane  (2006a). Additionally, a framework of analysis is developed based on the 

extant knowledge of coordination and preliminary data analysis findings.  

During the data analysis, the dependencies are classified and grouped using the 

dependency taxonomy from Strode (2016). The coordination mechanisms for each 

dependency are inferred inductively from the data, following the approaches suggested 

by (Crowston, 1997; Malone & Crowston, 1994). Supporting technologies noted for 

these coordination activities are extracted from data snippets also, and duplications 

removed. The use of coordination techniques and supporting technologies are also 

observed during the fieldwork and serves to triangulate and deepen the understanding 

of the data from the interviews. Challenges associated with the dependencies are also 

identified from the interview data and coded and classified using thematic analysis 

involving the same open coding technique and then grouped into themes based on 

patterns. The quality of the research activities and findings are ensured to meet the 

validity and reliability constraints following the guidelines of (Dubé & Paré, 2003; Yin, 

2018). 

In sum, this research adopts a qualitative multi-case study approach to generate a 

conceptualisation of coordination that can analyse and explain the occurrences of the 

phenomena (i.e. coordination) and predict solutions for achieving effective coordination 

in DASD based upon empirical knowledge gathered from grounded data analysis and 

literature-based research. 
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1.4 Contributions of this study 

“Know how to solve every problem that has been solved” – Richard Feynman 

The above famous imperative of Feynman indicates that the first step of novel 

contributions starts by knowing what has already been done to solve a problem. A 

systematic literature review has been conducted on coordination in the DASD context. 

Conducting a systematic review is important as it provides a useful classification and 

structured overview of the current research. It can also be used to provide a valuable 

baseline for scoping new research efforts (Kitchenham et al., 2010). Our review shows 

that the majority of research has been on the application of general coordination 

theories to understanding various aspects of coordination in DASD, e.g. activities, 

roles, mechanisms and strategies (Talukder et al., 2017). However, there is relatively 

limited research on the effective implementation and management of these aspects in 

DASD. Some studies have contributed to gaining a better understanding of 

coordination mechanisms and their effectiveness in general; however, there is an 

apparent lack of specific guidelines on the selection and application of appropriate 

mechanisms and measuring and monitoring of their effectiveness in DASD. This 

research is posed to address some of these gaps by gaining a better understanding of 

the concepts of coordination and strategies for achieving effective coordination in 

DASD projects.  

During the data analysis phase, this study identifies the need for a framework or model 

that could guide the analysis of dependencies, coordination activities and coordination 

effectiveness. This work develops a framework of analysis based on the theoretical and 

practical understanding of the researcher about coordination. This model is further 

refined while conducting the first round of data analysis for the first case. This 

framework is discussed in detail in the methodology chapter (Chapter 3) and the 

components are illustrated in Figure 3.6. This is a novel framework, and we seek to 

encourage researchers to adopt this framework in their data analysis process while 

conducting research on coordination in other contexts. 
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The key aim of this study is to enrich the understanding of coordination in DASD which 

is fulfilled by developing a theoretical model of coordination presented in Chapter 7. 

There are four main concepts in the model and those concepts, and their relationships 

are discussed and illustrated in Figure 7.12. This model presents a significant 

enhancement of some existing concepts and at the same time, presents new concepts 

that contribute to the knowledge of coordination in the DASD context.  

Another motivation of this research is to provide guidance to practitioners on choosing 

appropriate coordination mechanisms and applying them to achieve coordination 

effectiveness in this context. As part of fulfilling this aim, this work presents 

recommendations for practice in Chapter 7. This work encourages practitioners to 

adopt these strategies that are believed to support them in mitigating dependency risks 

while improving their coordination effectiveness. 

1.5 Thesis Structure 

This chapter has introduced the concepts of coordination in DASD. The research 

problem has been discussed to set the ground for the motivation of this study. A 

summary of the research aims is presented with the research questions that have been 

answered. Finally, the methodology applied in this research is discussed and the 

contributions of this research are presented. The rest of the chapters contributing to 

this thesis are as follows and an overall structure of this thesis is summarised in a 

diagram in Figure 1.1, which elucidates how the different chapters are interrelated and 

build from each other. 

Chapter 2 Literature Review 

This chapter presents the outcomes of the review of the existing literature on 

coordination in general, followed by reviews of works on ASD methods and their 

application in DSD. The systematic literature review reflects on the concepts of 

coordination in DASD leading to the research gap addressed in this study. Finally, a 

preliminary conceptual model of coordination in DASD is presented that guides this 

research. 
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Chapter 3 Research Methodology 

This chapter presents the research design by defining the methodology selection and 

material development process and the implementation of the design detailing the units 

of analysis and case and participant selection process. The data collection and data 

analysis sections are presented in separate sections detailing the process of collecting 

data from multiple sources and the methods applied to analyse them. The crafted 

framework of analysis is also presented here that is used in the data analysis. The final 

sections present the ethical considerations and quality aspects of this study. 

Chapter 4 Case 1 Findings 

This chapter introduces the project context for the first case and presents the analysis 

outcomes using the pre-established framework. An overview of the software 

development process of the project and the within-case data analysis process is 

briefed before presenting the findings. Finally, the key findings of this case are 

presented and discussed in detail. 

Chapter 5 Case 2 Findings 

This chapter presents the findings of the second case data that follows the same 

structure as the previous case.  

Chapter 6 Comparison and Contrast between cases 

This chapter presents the cross-case comparison outcomes of the cases. An overview 

of the cross-case analysis process is presented, and then the results are reported. The 

results present the outcomes from the comparison of the context, dependencies, 

coordination mechanisms and effectiveness and challenges in coordination. The 

emerging concepts from the findings are introduced under each section and further 

discussed in the next chapter. 

Chapter 7 Conceptual Model of Coordination in DASD 

This chapter presents the conceptual model of coordination in DASD grounded on the 

within- and cross-case analysis findings. This chapter outlines the concepts of 



Page 35 

dependency types and their antecedents, dependency risks, coordination strategy and 

coordination effectiveness. The integral components of each concept are discussed by 

defining their associations, boundaries and states. The prescriptions for practical 

implementations in DASD projects are also presented, followed by a discussion about 

the contributions of this study. 

Chapter 8 Discussion 

This chapter presents the discussion of the overall findings starting with the answers to 

the research questions. A number of lessons learned from the case studies are 

presented with recommendations. An evaluation of this research methodology and 

interpretations is presented to justify the quality and rigor of this research. 

Chapter 9 Conclusion 

This final chapter of the thesis concludes the research by revisiting the research 

objective and achievements, followed by a discussion of contributions of this research 

in relation to IS and SE knowledge and practice. The limitations of this study are also 

discussed, and guidance is provided for future research opportunities. 
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Figure 1.1: Overall Structure of this thesis 
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Chapter 2 : Literature Review 

 

This literature review investigates the contemporary literature to explore the current 

state of knowledge relevant to coordination in Distributed Agile Software Development 

(DASD), particularly emphasising the struggles and strategies to effectively coordinate 

DASD projects. Part of this review was published at the 28th Australasian Conference 

on Information Systems (ACIS 2017) under the title Coordination in Distributed Agile 

Software Development: A Systematic Review (Talukder et al., 2017).  

This chapter first discusses the backgrounds of the core concepts covering the three 

central tenets of this research: coordination, Agile Software Development (ASD) 

methods and Distributed Software Development (DSD). The chapter then presents the 

systematic literature review process and results to highlight the current state of 

knowledge regarding coordination in DASD.  

The background study begins with an overview of traditional software development 

methods and discusses how different agile methods can benefit the software 

development process using their inherent practices. The review further investigates 

coordination studies and discusses supportive mechanisms to establish the foundation 

of this research from the non-agile perspective, then from the co-located agile 

perspective, and finally shifts towards the focus area of this research, i.e. the DASD 

context. Further, the review discourse on effective coordination in DASD which is the 

utmost focus of this research, includes a review of the most relevant coordination study 

in agile software projects (D. E. Strode et al., 2011) and DSD (Espinosa, Lerch, et al., 

2002). 

Before presenting the systematic literature review results, this chapter outlines the 

review process, including review protocol development, search string formation and 

conducting the search, screening and selection of relevant papers, and data extraction 

and classification scheme development. Then, the results are presented to highlight the 
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current state of knowledge in coordination. These results summarise the limitations and 

gaps in the contemporary literature to justify the motivation for positioning this empirical 

research. 

2.1 Background of Core Concepts 

The background of the study is essential to establish the context of the research. 

Therefore, this section elaborates on the core concepts of this study. The following two 

subsections provide a brief introduction to traditional software development and ASD 

methods. Coordination and coordination mechanisms in general software development 

are then introduced, followed by a discussion of the means of coordination in co-

located and distributed agile software context. The coordination effectiveness concept 

is presented with a discussion of a well-known work in the co-located ASD project 

context. While discussing each concept, several domain-specific keywords and terms 

are also introduced that are being used throughout this thesis. While considering the 

DASD projects, any large-scale agile development project not covering the distributed 

aspects is not included in this study. Similarly, this research only considers studies 

covering non-scaled agile methods, ignoring the hierarchical complexities of 

coordination in a scaled-agile framework.  

2.2.1 Traditional Software Development Methods 

Several heavyweight development models were introduced in the early era of 

methodological software development approaches. These methods are termed 

heavyweight as their success mainly relies on extensive planning, detailed 

documentation and expansive design (Awad, 2005). This methodological approach 

consists of a fixed sequence of processes, such as requirements definition, designing, 

developing solutions, testing, and deployment. Each process is ordered strictly so that 

each step cannot be separated and must be performed in sequential order. For 

example, the testing process cannot be started until the whole solution development 

process is finished. Several traditional methods have gained attention, such as the 

Waterfall model, Spiral model, and Unified process. The essential features of these 
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methodologies emphasise a predictive design approach with comprehensive 

documentation, and the underlying approach is process and tool oriented. 

In such a traditional plan-driven method, coordination is supported by administrative 

coordination where a particular person assigns tasks, allocates shared resources, 

schedules and regulates the integration of outputs (Faraj & Sproull, 2000). The success 

of coordination using these methods depends on hierarchical decision-making and 

well-structured documentation, which requires less communication. This particular 

feature is appropriate and beneficial for projects where requirements are reasonably 

predictable and stable. Hence it does not require frequent and ad hoc communication. 

However, an increase in size increases the complexity and cost of coordination at the 

administrative level, and as complexity grows, it is likely to originate administrative 

problems of coordination (van de Ven et al., 1976). Moreover, due to uncertainty, 

several unanticipated issues may arise that need to be supported by ad hoc 

communication. Using a traditional coordination approach to manage this volatile 

dependency is insufficient. Therefore, the formal method of coordination needs to be 

complemented by interpersonal coordination mechanisms (Cataldo & Herbsleb, 2013), 

which introduces the urge to adopt flexible software development methods, e.g. ASD 

method.  

2.2.2 Agile Software Development Methodology 

In the past decades, the software development industry has witnessed the rapid 

development of many software methods, tools, and techniques. Among all of them, the 

agile methodology has received remarkable attention and it has become a norm in the 

current software development domain. The key reasons for this attention include 

features such as speed-to-market support, shorter product development timelines with 

iterative and incremental life cycles to adopt new changing requirements, and prompt 

reaction to customer feedback (Boehm, 2002). In a traditional, rigid, pre-planned 

development process, accepting requirement changes and integrating customer 

feedback in an earlier stage are considered barriers to on-time and within-cost project 
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completion. The agile principles come with several practices to support volatile project 

conditions, making their application attractive in current software development projects. 

Table 2.1 illustrates the differences between agile and plan-driven (traditional) software 

development methods. 

Table 2.1: Differences in Agile and Traditional SD Methods 

 Agile methods Traditional methods 

Approach Adaptive Predictive 

Success Management Business Value Conformation to Plan 

Project Size Small Larger 

Management Style Decentralised Autocratic 

Perspective of Change Change Adaptability Change Sustainability 

Culture Leadership-collaboration Command-Control 

Documentation Low Heavy 

Emphasis People-Oriented Process-Oriented 

Cycles Numerous Limited 

Domain Unpredictable Predictable 

Upfront Planning Minimal Comprehensive 

Return on Investment Early in the project End of project 

Team Size Small/Creative Large 

The Agile Manifesto (Fowler & Highsmith, 2001) articulates four core values that 

underline distinct concepts based on twelve principles. The first one emphasises 

software developers' empowerment and technical excellence and interactions. The 

second value focuses on continuous, informal and close customer collaboration 

throughout the development process. The third value designates prioritising working 

software over detailed planning or documentation. And the fourth value promotes 

continuous response to customer changes instead of upfront planning. Several 

evolutionary software development methods encompassing these core values have 

been introduced, such as Scrum, eXtreme Programming (XP), Kanban, Crystal, and 

Feature Driven Development.  

Each agile method is aligned with the core values and principles of agile methodology 

and suggests a set of practices, roles, work products, techniques, and notations. Each 
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of them is different in some distinguishing factors among them. Scrum was introduced 

by Schwaber and Beedle (2002) for managing agile software projects and was mostly 

designed for primarily co-located teams. Scrum is an iterative, incremental method that 

is ‘a lightweight framework that helps people, teams and organisations generate value 

through adaptive solutions for complex problems’ (Schwaber & Sutherland, 2020, p.3). 

Scrum promotes collective teamwork, engaging people with the necessary skills and 

expertise, and their success relies on the competence in adopting the scrum values: 

commitment, focus, openness, respect and courage. Scrum prescribes practices that 

create opportunities to inspect and adapt to cope with uncertainties. For example, 

Scrum suggests iterative planning meetings such as sprint planning meetings for 

defining goals for an iteration (called a Sprint in Scrum), daily scrum meetings for 

updating the current status and blocking points, and sprint retrospective meetings for 

reviewing and adjusting the team actions. 

The eXtreme Programming (XP) methodology is suitable for Object-Oriented 

programming that is built over five underlying values: communication, simplicity, 

feedback, courage, and respect (Beck, 2000). This method emphasises 12 primary 

technical practices satisfying agile values, such as pair programming, collective code 

ownership, informative workspace, ten-minute build, test-first programming (e.g. Test-

Driven Development), and coding standards. Sharp and Robinson, from an 

ethnographic study on XP, state that rote implementation of the prescribed XP 

practices may fall short in fulfilling the core values. Instead, a holistic approach, 

intertwining multiple practices, is required to develop a shared understanding of 

purpose and responsibility in a rhythmic way that produces high-quality code (Sharp & 

Robinson, 2004). 

Kanban is an adaptive method developed by Anderson (2010) which is gaining 

significant popularity as an agile method in the software industry. The reason is that the 

Kanban method is adopted based on ease of implementation, acute focus on working 

flow and waste minimization principles. For instance, the Kanban methodology can be 
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adopted by implementing three basic steps: visualise the process, limit work in 

progress and manage lead time. These steps can be implemented following practices 

such as visualising the workflow using the Kanban board, setting WIP limits, and 

tracking the lead times. A summary of the popular agile methods along with their 

distinguishing factors is reported in Table 2.2. 

Table 2.2: Summary of the recommended practices of popular agile methods 

Agile Methodology Core Practices 

Scrum 

Product backlog, Sprint backlog for requirements elicitation 

Sprint planning meetings for defining goals 

Daily Scrum meeting for Status sharing 

Burndown chart to display progress 

Roles: Product Owner, Scrum Master, Development team 

eXtreme Programming (XP) 

Informative workspace 

The Planning game 

Metaphor 

Pair Programming 

Coding standards 

Collective code ownership 

Continuous Integration 

Rapid customer and developer feedback loops with on-site customer 

Kanban 

Simple visual design 

Limits the Work-In-Progress (WIP) 

Continuous delivery following just-in-time 

Waste minimization through prioritized feature development 

Kanban board for workflow visualization 

In sum, agile methods support iterative and evolutionary practices that are said to 

better support software development through shorter development and release cycles 

to ensure customers’ competitive advantage. Agile methods value interaction, 

collaboration, and adaptability by suggesting practices that not only better support SD 

life cycles but also enrich coordination between stakeholders. For example, in a survey 

study of over 500 developers, Maruping et al. (2009) found that collective ownership 

and coding standards practices (i.e. XP practices) mediate expertise coordination. In 

another study, Yu & Petter (2014) reported that specific agile practices like daily stand-

up meetings and on-site customer can act as a coordination mechanism in software 

development.  
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Though the primary focus of agile methods is small and co-located teams, their 

success in this context motivates others to scale and adopt agile approaches in a 

distributed environment (Hoda et al., 2018). As this research aims to understand 

coordination in a distributed agile development context, knowledge of different agile 

methods and their core practices helps us to better understand their applicability in 

achieving effective coordination in this particular context. 

2.2.3 Coordination and Coordination mechanisms in Software Development 

Coordination has long been an interesting topic in organizational studies, economics, 

teamwork, Information Systems (IS) study, and particularly in software development 

projects (Kraut & Streeter, 1995; Malone & Crowston, 1994; Mintzberg, 1989). Different 

studies have proposed a particular definition of coordination underpinning varying 

theoretical perceptions. The most influential theory of coordination has been 

established by Malone and Crowston (1994) designated as Coordination Theory (CT). 

CT has pinpointed that it is important to organize the work approaches in any 

collaborative work and offered a taxonomy including vocabularies to characterize 

related activities. In addition, CT has posed the definition of coordination as the act of 

‘managing interdependencies between activities’ (Malone & Crowston, 1994, p. 90). 

There are also other definitions of coordination in the literature that present different 

perspectives. For example, Van de Ven et al. (1976) defined coordination as 

‘integrating or linking together different parts of an organization to accomplish a 

collective set of tasks’. In this research, we have used the definition of coordination 

proposed in CT since it is more suitable to explain and predict related dependencies 

and the mechanisms to manage those dependencies. The term dependency refers to 

the bi-directional relationship between the activities that have impacts on both sides 

and require mutual consciousness to accommodate the coordinating behaviour 

depending on the relationship; therefore can be called as interdependency. In this 

research, these two terms are used interchangeably.  
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CT identified three different types of dependencies that arise during teamwork: fit, flow 

and shared resource. Fit dependency arises when the same resource is being 

produced or used by multiple activities. Flow dependency arises when one activity 

depends on the resource produced by another activity. Shared resource dependency 

arises when multiple activities need to share the same resource. To resolve these three 

types of dependencies, proper management of the activities and resources is 

necessary. This management process involves participating people including their 

inherent specialized skills and knowledge (Faraj & Sproull, 2000; Kudaravalli et al., 

2017), their interdependent activities, and the resources entailed (Crowston, 1994; 

Fuks et al., 2008). 

In Software Development (SD), activities are carried out by multiple individuals and 

teams and formed into a single product by integrating them. While different people are 

working in different parts of the system, they have to agree to a common understanding 

of what they are developing, what is the current progress, what other members are 

doing, how each other’s works are dependent and how their work fits in the final 

integrated product (Kraut & Streeter, 1995). Cataldo et al. (2008) propose a 

coordination process as a socio-technical system that involves two fundamental 

elements: one is technical, and the other is social. Technical properties include the 

software development processes, tasks, and technology employed, and social 

elements are constituted by the organization and individuals involved in the 

development activities. According to their framework, effective coordination requires 

congruence of this socio-technical system to ensure the successful integration of team 

members’ efforts into a working product without redundant work, within time and 

budget constraints. Studies have reported that a higher level of coordination 

requirement makes the software development process challenging (Espinosa et al., 

2007b; Kudaravalli et al., 2017) and requires suitable mechanisms to satisfy the 

coordination needs. For example, while working in a team-based structure, team 

members need to build a team knowledge about the task and the team. While working 



Page 46 

on a joint task, team members implicitly gain expertise, as well as develop knowledge 

about the team and task, which further acts as a coordination mechanism. Socio-

Technical Theory of Coordination acknowledges that the more suitable the 

mechanisms are, the more effectively the project will be coordinated (J. Herbsleb, 

2016). 

Coordinating software development teams requires effort and different activities or 

techniques are adopted for this purpose which can be termed as a “coordination 

mechanism”. In general, coordination mechanisms can be described as ‘the activities 

carried out by team members when managing dependencies’ (Espinosa, Lerch, et al., 

2002). For example, when different developers are working on different components of 

the software, they can share their current progress while communicating with each 

other in group meetings or personal conversations, which can be entitled as 

mechanisms for sharing the progress of the dependent activities. Based on this shared 

understanding of the process, teams can reform their course of action to achieve the 

goal, if needed.  

Data from several studies suggest a number of coordination mechanisms depending 

on patterns of prevailing dependencies. Espinosa et al. have segregated coordination 

mechanisms into three main types: mechanistic, organic and cognitive (Espinosa et al., 

2007b). Mechanistic and Organic mechanisms are more explicit whereas cognitive 

mechanisms are implicit in nature. Mechanistic mechanisms support coordination by 

task programming (i.e. division of labour, schedules, plans, tools). For example, when 

development team members document the software or design requirements and share 

these with each other, they are mechanistically coordinating the product goals. This 

mechanism is effective when product requirements are certain and work processes are 

structured, i.e. suitable for traditional hierarchical software development environments. 

On the other hand, when tasks or requirements are uncertain, team members need to 

coordinate through continuous interaction and mutual adjustment, i.e. via organic 

mechanisms. Organic mechanisms support coordination by feedback or mutual 
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adjustment (i.e. formal or informal interactions) which is the key idea of agile 

methodology. On the other hand, Cognitive mechanisms consist of activities that are 

not consciously performed for coordination but help to build shared knowledge about 

tasks and about other members. These mechanisms are mostly useful when team 

members have less chance to interact with each other and need to adjust their 

workflow based on their anticipation of what needs to be done and when i.e. mostly 

suitable for asynchronous and distributed development environments. Studies, 

discussed in the following paragraphs, describe coordination from different research 

paradigms proposing mechanisms that can be categorised under any of these three 

mechanisms. 

Most of the classical organizational research has focused on explicit mechanisms, 

either mechanistic or organic. One of the earliest works on this theme published by 

Thompson (Thompson, 1967) presented three particular types of mechanisms- 

coordination by standardization, planning and mutual adjustment corresponding to 

three types of dependencies consecutively: pooled, sequential and reciprocal. In a later 

study, Van De Ven et al. (1976) attempted to test the propositions of Thompson’s work 

and presented three alternative mechanisms: impersonal (coordination by 

programming), personal (coordination via vertical or horizontal channels) and group 

(coordination by mutual adjustment). They also identified three fundamental 

determinants of modes of coordination such as task uncertainty, task interdependence, 

and size of the work unit. Another work by Mintzberg (1989), known as the work 

coordination model, has argued for three similar ways of coordination: Mutual 

adjustment, Direct supervision, and Standardization of work process, output, skills, and 

norms. Based on empirical evidence collected from 69 software teams, Faraj and 

Sproull (2000) documented that administrative coordination (similar to task 

programming mechanism) and expertise coordination (i.e. management of knowledge 

and skills of team members) can facilitate effective team performance. They separated 

team performance into two dimensions: efficiency and effectiveness, and their study 



Page 48 

findings suggest that while administrative coordination strongly contributes to efficiency 

measures of team performance, expertise coordination has a significant role in 

explaining team performance. Overall, studies have reported that organic mechanisms 

tend to be more productive than mechanistic mechanisms while coordinating traditional 

software projects (Andres & Zmud, 2002b). 

Cognitive mechanisms are reported in recent team cognition research and literature 

suggests that while working in a team, members build team knowledge through daily 

communication, task experience, and critical problem solving together. This knowledge 

helps individual team members develop a mental model of the team that helps them to 

coordinate effectively without frequent interactions (Klimoski & Mohammed, 1994; 

Mohammed et al., 2010). Cognitive mechanisms are termed as implicit as members 

are not employing these mechanisms consciously for coordinating, but this helps to 

have a shared cognition (Rico et al., 2008). Previous research has already established 

distinct conceptualisations of such implicit mechanisms as a Shared Mental Model 

(SMM) (Converse et al., 1993), collective mind (Weick & Roberts, 1993), Team Mental 

Model (TMM) (Mohammed et al., 2010), team situation awareness (Endsley, 1995), 

transactive memory (Wegner, 1987). While explaining the outcome of their field study, 

Espinosa et al. (2007b) generalized implicit mechanisms as a form of team knowledge 

and divided them into two general categories: shared knowledge and team awareness. 

In their work, the authors summarized that both the shared knowledge of the team and 

presence awareness can effectively mitigate some of the negative impacts of 

dispersion. Moreover, Scheerer et al. (2014) concluded from a multi-team perspective 

that cognitive mechanisms can influence the effectiveness of both mechanistic and 

organic coordination which makes it promising to apply in uncertain and challenging 

environments. 

Overall, study findings indicate that a coordination strategy intertwining the 

mechanistic, organic and cognitive mechanisms can play a vital role in successful 

coordination. Several coordination studies conducted in different SD contexts present 
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evidence to indicate that one type of mechanism is not enough to support all forms of 

dependencies and adopting the right combination of mechanisms can help the team to 

attain effective coordination (Andres & Zmud, 2002b; Espinosa, Lerch, et al., 2002; D. 

Strode & Huff, 2015). For example, Espinosa et al. (2002) claim that an effective 

strategy for successful coordination in a distributed SD context would involve 

amalgamating coordination mechanisms that are well suited for the task. Additionally, 

the strategy might need to be changed with task progress over time and distance 

separation (i.e. co-located vs. distributed) which refers that the strategy for co-located 

teams might not be effective for distributed team coordination. For this reason, 

identifying an appropriate mix of mechanisms for any particular context at a particular 

time is an important requirement for effective coordination and one of the key goals of 

this research. 

2.2.4 Coordination in Agile Software Development (ASD) 

The key motivations underpinning the development of agile methodology include 

support for uncertain environments caused by rapid requirement changes, unstable 

markets, frequent customer feedback and time-to-market pressure (Schmidt, 2016). 

Due to its in-built support for uncertainty and other aspects of software development, 

the adoption of agile practices in software development projects has become a norm in 

recent years. As coordination is designated as one of the most influencing factors of 

software development success, a growing number of studies have focused on 

investigating the applicability of agile practices to support coordination. 

To understand coordination in ASD projects, it is important to understand and identify 

the dependencies that are managed by agile practices (Viktoria Stray et al., 2022). The 

majority of the research on coordination applied and adopted coordination theory to 

understand the dependencies in different contexts. For example, in an empirical work 

with two co-located agile projects, Pikkarainen et al. (2008) used the interdisciplinary 

Coordination Theory (Malone & Crowston, 1994) while exploring the impacts of agile 

practice on communication. There had been little attention to the theoretical aspects of 
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coordination in agile development projects until Strode (2016) developed a dependency 

taxonomy from her research conducted on ASD projects. In her work, she proposed 

eight types of dependencies including requirements, expertise, historical, task 

allocation, activity, business process, entity, and technical dependencies. Since 

understanding the dependencies and choosing appropriate mechanisms to manage 

that dependency can lead to effective coordination, Viktoria et al. (2022) recommends 

a set of agile practices as coordination mechanisms that address multiple 

dependencies that can create a pathway for effective coordination in co-located ASD. 

Since then, this evolutionary dependency taxonomy has been used by coordination 

researchers in this context. Nonetheless, the applicability of this taxonomy in 

understanding the coordination of distributed agile projects is yet to be established. 

Several studies have investigated the application of various agile practices to manage 

different types of dependencies in this context. In the earlier stage of agile adoption, 

Cao and Ramesh (2007) investigated the consistency of agile practices with the sound 

principles of organizational and management theories and proved a linkage between 

Van De Ven’s (1976) coordination mechanisms and the mechanisms proposed by agile 

methods (e.g. customers involvement, short iterations) in small co-located projects. 

They also noted the effectiveness of each coordination mode presented in Van De 

Ven’s work depends on task uncertainty, task interdependence and the size of the 

working group. The findings of this study refer that agile practices are aligned with 

management and organization theories creating an opportunity to analyse their 

applicability in different project contexts, e.g. distributed software projects. 

While conducting a single-case study of a co-located scrum-based software project, 

Moe et al. (2010) have drawn on Dickinson and McIntyre’s teamwork model (Dickinson 

& McIntyre, 1997) along with trust and Shared Mental Models (SMMs). In their study, 

the authors claimed that problems related to team orientation, and team leadership 

such as the high degree of individual autonomy, isomorphic team structure, lack of 

performance monitoring and continuous feedback, can act as barriers to achieving 
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team coordination. Their findings emphasise developing a shared understanding of 

teamwork and task increases the trust among team members that will eventually lead 

to better coordination. This work recommends that combining practices from multiple 

agile methods, such as Scrum & XP, would be supportive of efficient teamwork which 

in turn will improve team coordination. 

Another study reported by Yu & Petter (2014) used the shared mental model to 

conceptually analyse three agile practices from XP and Scrum (i.e. system metaphor, 

stand-up meeting, and on-site customer) and found that these practices are useful for 

developing a shared understanding of the tasks, team process, and team interactions. 

For example, engaging the customer as part of the development process enables 

frequent interactions between the customer and the development team which can build 

a shared understanding of the overall requirements, which can reduce conflicts and 

increase the opportunity for managing changes successfully. This study depicts the fact 

that several agile practices are capable of developing a shared mental model which is 

effective for resolving coordination issues (Levesque et al., 2001). However, the 

effectiveness of these practices is only acknowledged in small co-located development 

teams, meaning they need to be verified for distributed teams. 

In an earlier version of her work, Strode et al. (2012) proposed a theoretical model of 

coordination in co-located agile software projects which contains three parts: 

coordination strategy, coordination effectiveness, and their relationships. This work 

defined coordination strategy as a group of coordination mechanisms that manage 

dependencies in a particular situation and showed that a coordination strategy 

combining three types of coordination mechanisms: synchronization, structure, and 

boundary spanning, can enhance coordination effectiveness (see Figure 2.1). 
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Figure 2.1: Strode’s Coordination perspective in co-located ASD projects 

The synchronization mechanism has two components: synchronization activity and 

synchronization artefact, the structure mechanism has three components: proximity, 

availability and substitutability, and finally, the boundary spanning mechanism has 

three components: boundary spanning activity, boundary spanning artefacts and 

coordinator role. The authors also presented a formal definition of coordination 

effectiveness containing two components: implicit and explicit, and highlighted that the 

synchronization and structure mechanism increases implicit coordination effectiveness, 

whereas boundary-spanning mechanisms increase explicit coordination effectiveness. 

The findings of this research are based on co-located agile teams and so might not be 

effective in the case of distributed agile teams. For example, as distributed team 
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members are separated by geographical and temporal distance, close proximity, 

availability, and substitutability mechanisms are unlikely to be as effective as co-

located teams. Moreover, studies already reported that the boundary-spanning 

mechanisms are more critical in distributed teams than in co-located teams (Rolland et 

al., 2016). These assumptions are aligned with the limitations mentioned by the authors 

and suggested further research to validate the applicability in a distributed agile SD 

context. 

Literature also suggests that the success of agile coordination mostly relies on implicit 

(Rolland et al., 2016) components in the form of shared understanding of tasks and 

team interactions and trust among stakeholders. Yu and Petter (2014) noted that agile 

team members can develop shared understanding through agile practices such as 

daily stand-up meetings and on-site customer participation. Similar results are also 

reported from an exploratory case study which states that daily stand-up, iteration 

planning, and iteration retrospective can facilitate building trust among team members 

(McHugh et al., 2011). Though the fundamental values of agile and scrum highly 

recommend self-organisation and self-management by feedback, coordination and 

backup, there is no proper guideline on how to achieve those values using agile 

practices (Moe et al., 2010), particularly in achieving effective coordination. 

The success of agile coordination mostly relies on implicit mechanisms; however, the 

literature suggests several agile practices can act as explicit mechanisms that support 

effective coordination. While investigating the impacts and effectiveness of agile 

practices as coordination mechanisms, Xu and Cao (2006) observed that codified 

knowledge through artefacts and documents (e.g. user stories, iteration plans) play a 

crucial role in vertical coordination, whereas the sense of collective identity through pair 

programming and coding standards can influence horizontal coordination. Maruping et 

al. (2009) argued that a pre-established coding standard suggested by XP facilitates 

expertise coordination within software development teams. Strode et al. (2012) 

hypothesised from their exploratory case study that the boundary-spanning mechanism 
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consisting of boundary-spanning activities and artefacts and a coordinator role 

facilitates explicit mechanisms of coordination. For example, a designated person for 

coordinating with the external parties, e.g. customers and users, contributes to the 

coordination effectiveness in agile software projects. 

Therefore, it has been evidenced that a repertoire of agile practices can act as a 

coordination mechanism, either implicit or explicit, to support one or multiple 

dependencies in ASD. Several studies in the literature focused on this area of interest 

from co-located agile context; however, their applicability and effectiveness in a 

distributed context are not evident yet. 

Along with practices, the artefacts prescribed in different agile methods can also 

support coordination in software development. An artefact can be defined as “a 

deliverable that is produced, modified, or used by a sequence of tasks that have value 

to a role” (Fernández et al., 2010, p.11). While reporting results from an ethnographic 

study on eXtreme Programming (XP) practices, Sharp and Robinson (Sharp & 

Robinson, 2008) argued that artefacts of XP, such as story cards, design documents, 

and story walls can serve as information radiators that improve coordination. Another 

study on XP by Mackenzie & Monk (2004) also supports their argument. They identified 

that shared artefacts such as story cards, notice boards, software code, and screens 

can facilitate team members’ shared understanding which is a vital component of 

coordination work (Aranda, 2010). In their theory of coordination in agile SD, Strode et 

al. (2012) identified synchronisation and boundary spanning artefacts as part of the 

coordination strategy that could contribute to coordination effectiveness. For example, 

in one of the projects under investigation, team members described user stories and 

design specifications shared as documents to understand project design that played 

the role of synchronisation artefact for them. These findings are also backed by another 

case study performed on three scrum-based projects where the authors noticed that in 

co-located agile projects production of artefacts such as product backlog, sprint 

backlog, backlog items, source code, and burn-down charts contributes to coordination 
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mechanisms such as synchronization and boundary spanning (Wagenaar et al., 2015). 

A recent article in an agile development project attempted to scrutinise the 

characteristics and informational value of the coordination artefacts used that can 

alleviate coordination challenges in different phases of development (Zaitsev et al., 

2020). This article identified seven (7) different types of artefacts that are grouped 

under four (4) high-level categories depending on their purpose: foundational, 

projective, exposition and indicative. This article claimed that these artefacts have the 

potential to alleviate six different types of coordination challenges. However, additional 

research is required to generalise the application and effectiveness of these artefacts in 

general and, particularly, in distributed agile projects. 

Agile software methods not only propose specific practices but also emphasise the role 

of several actors that are crucial for coordination. For example, Scrum suggests three 

specific roles: Scrum master, product owner, and development team. On the other 

hand, the eXtreme programming method suggests an XP coach role for project 

coordination purposes. Hoda et al. (2010) suggested a specific ‘Coordinator role’ for 

teams to be “self-organizing” which is an important attribute of the agile manifesto 

(Fowler & Highsmith, 2001). They stated that the coordinator role will act as a 

‘representative of the self-organizing Agile team to coordinate communication and 

change requests from customers’. Consistent with this statement, Cao and Ramesh 

(2007) argued that project leaders in ASD take part in a significant role in facilitating 

coordination. Furthermore, D. E. Strode et al. (2012) highlighted the importance of the 

coordinator role for supporting boundary spanning activities and included it as a 

component in their coordination strategy model. All these studies and their findings 

signalled that considering specific roles, along with several practices and artefacts, is 

important for achieving effective coordination.  

In summary, studies have summarised that several practices, artefacts and roles 

mentioned in agile methods, both individually or in combination, can act as coordination 

mechanisms, and hence, can facilitate effective coordination. These studies, both 
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explicitly and implicitly, indicated the feasibility of these mechanisms in DASD projects. 

Thus, it is imperative to further investigate and recognise potential strategies for 

effective coordination in DSD projects. 

2.2.5 Coordination in Distributed Agile Software Development 

Due to the current trend of globalisation and recognition of the benefits promoted by 

distributed development, software development in multisite, multicultural and globally 

distributed contexts has become commonplace in recent years. In particular, DSD may 

be characterised by stakeholders from different organizational and cultural 

backgrounds, with geographical, temporal and cultural dispersion collaborating through 

technology-mediated tools to gain DSD advantages (Hossain et al., 2009). The 

advantages include access to a larger pool of expert labour, cost-effectiveness, 

increased productivity using ‘round-the-clock’ development to reduce time-to-market 

pressure, improved product quality, and proximity to the market utilizing local resources 

(Nguyen-Duc et al., 2015; Saxena et al., 2016). 

Contextually, DSD is different from co-located software development. In co-located 

software development, members are more likely to share a common organizational 

culture and structure that facilitates rich and frequent interactions, both formal and 

informal, which in turn promotes effective and efficient coordination. In this type of 

development setting, all members with the required technical skills and experience are 

available and accessible in one place, and they are more likely to have a common 

understanding and knowledge of each other’s expertise, methods, and tools used for 

the project (J. D. Herbsleb, 2007). In distributed development, the aforementioned 

characteristics are threatened due to geographical, temporal and socio-cultural 

dispersion, which makes coordination challenging (Berntzen & Wong, 2021).  

Ågerfalk et al. (2005) described geographical distance as a situation where team 

members are not co-located, but are rather geographically separated from each other, 

whereas socio-cultural distance arises when different people describe a particular 

situation differently based on their socio-cultural background, and temporal distance is 
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a situation when team members cannot communicate face-to-face. They argue that 

though geographical distance may imply increase socio-cultural and temporal distance, 

it is not the only primary reason for these distances. For example, both national culture 

and organizational culture may introduce socio-cultural distance and shifting work 

might be responsible for temporal distance. Each type of distance has effects on how 

team members coordinate their activities in this context and a better understanding of 

these impacts should help to choose appropriate mechanisms for improved 

coordination.  

As already mentioned, the scope of this research is limited to exploring the impacts of 

geographical and temporal distance in distributed agile team coordination. The reason 

is that socio-cultural distance factors can arise due to the cultural differences of the 

team members’ where they are from, whereas on the other hand, organizational culture 

involves the norms and values of the organization and the culture of the systems 

development (Carmel & Agarwal, 2001). Exploring the reasons and effects of these 

norms and values on distributed team coordination from both national and 

organizational perspectives will exaggerate the scope of this research. Though cultural 

and linguistic effects are out of the scope of the research, their influences on the overall 

coordination process cannot be ignored. The researcher accepts this issue and so has 

designed the study to minimise the impacts in the final outcome, e.g. choosing sites in 

a culturally similar location. 

While introducing DSD will add some exciting opportunities, on the other hand, it can 

negatively affect team coordination activities. Due to dispersion factors, some 

mechanisms available in co-located teams are not available in distributed teams, for 

instance, co-located team members can communicate frequently, which is not possible 

in the case of distributed team members. Moreover, the effectiveness of some 

mechanisms, that are present regardless of dispersion, is affected by lack of co-

presence. For example, distributed team members can communicate in real-time using 

video conferencing, but a good amount of contextual references are lost through this 
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technology (Espinosa et al., 2007b; Talukder et al., 2017). Ågerfalk et al. (2005) 

identified several negative impacts that can result from three types of dispersion such 

as coordination complexity, lack of practices for shared understanding, lack of 

awareness and reduced trust. Although mitigating these challenges is not a 

straightforward task, integrating agile practices in the DSD context makes the situation 

more complicated. 

While reporting the dispersion impacts in distributed agile projects, Kahya & Seneler 

(2018) observed that difficulty in role definition, feedback delay and testing bottlenecks 

are the main difficulties in task coordination in this setting. Their findings are similar to 

that of (Smite & Dingsøyr, 2012) who identified that defined roles and responsibilities 

and a shared awareness of those authorities across sites are vital for distributed 

coordination. Besides, limited opportunity for face-to-face communication, lack of trust 

and team spirit are the other effects of temporal, geographical and socio-cultural 

distance that indirectly affect coordination.  

Since the promotion of agile principles, agile methods have shifted the traditional 

software development practices by its evolutionary principles, and due to its continuous 

success in small, co-located teams, distributed software projects are striving to blend 

agile approaches to gain the benefits of both (Dingsøyr et al., 2017; Hoda et al., 2018). 

Based on a literature review study, Temitayo et al. (2017) reported that Scrum is the 

most popular agile method being adopted in DSD. A combination of Scrum and XP is 

the next most popular way of adopting agile in DSD projects. The authors reported 

several studies on the successful implementation of Scrum methods, such as daily 

scrum meetings involving distributed team members, to resolve some of the DSD 

challenges. They also identified that being the prominent agile method used in DSD, 

there is a clear knowledge gap in the literature investigating the fundamental 

challenges in adopting Scrum in DSD projects and strategies to address those 

challenges. This study also indicated the importance of studying the contextual factors 

and their impact on the effective use of Scrum practices in DSD projects. The key 
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researchers on this topic also iterated the same and suggested future studies in 

deepening the knowledge of coordination in this popular software development context 

(Moe et al., 2016). 

There are significant differences in the coordination approaches of agile and distributed 

development due to their key tenets. For example, agile methods are best suited for 

small and co-located teams as it relies on informal communications for coordination, 

whereas distributed development demands more formal mechanisms for coordination 

(Ramesh et al., 2006a). In spite of the issues produced by combining agile and 

distributed development, studies have reported successful integration of agile in DSD 

(Altaf et al., 2019; Bose, 2008; Jain & Suman, 2016; Sureshchandra & 

Shrinivasavadhani, 2008; Young & Terashima, 2008).  

For example, based on a literature review, Jain & Suman (2016) reported 19 benefits of 

using agile practices in DSD projects. This study revealed that 20 popular agile 

practices are reportedly effective in DSD among which ‘Daily Scrum’ and ‘Sprint’ are 

the most beneficial. Several of these benefits are related to coordination and 

communication, which are summarised in Table 2.3. These findings are followed-up by 

an industrial survey which indicated that agile practices are effective to enhance 

communication between sites that potentially resolve misunderstandings and 

communication issues. 

A promising outcome of agile adoption in GSD projects has been reported in the 

literature. While investigating the usage of agile practices, Vallon et al. (2018) reported 

from an SLR study that the number of distributed agile teams has doubled since 2012 

(i.e. 35% in 2012 and 82% in 2016). The qualitative analysis results of this study 

highlighted that an increasing number of agile adoption success stories are being 

reported in recent years, which include detailed descriptions of Scrum implementations 

and benefits in the GSD environment. This review study also indicated that Scrum 

practices need to be adapted for maximum benefits depending on the project and 

distribution context. For example, joint sprint planning and review sessions or an 
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altered number of sprint planning sessions per sprint could be beneficial for 

coordinating between multi-site development teams. Replacing the user story with 

delivery story is another popular modification suggested for complex distributed 

projects. 

Table 2.3: Summary of benefits of Distributed Agile practices adapted from (Jain & Suman, 2016) 

SL# Benefits related to Coordination and Communication Agile Practices (*) 

1 Improved quality of communication between the sites TDD, US, SPR, DS, SP 

2 Enhance frequent communication between sites PR, TDD, SPR, DS, SP, SR, RE, 

BAC, SOS 

3 Reduce Communication Delay SPR, DS  

4 Focus on solving issues, misunderstandings, and 

impediments timely 

CI, TDD, SPR, DS, SP, SR, RE, BAC, 

SOS 

5 Reduce knowledge management difficulties PP, TDD, DS 

6 Induce more one-to-one communication between the sites DS 

7 Enhance visibility of project activities SPR, DS, SP, SR, BAC, SOS 

8 Improve stakeholder collaboration PP, SPR, DS, SP, SOS 

9 Improve trust among stakeholders CI, SPR, DS, SR, BDC, SOS 

10 Increase team awareness and cohesion PP, SPR, DS, SP 

11 Improved shared understanding among distributed 

developers 

PP, TDD, DS, SP, SR, BAC 

12 Increase motivation and engagement of team members PP, CI, SPR, RE, SOS 

* TDD- Test-Driven Development, US- User Story, SPR- Sprint, DS- Daily Scrum,  

SP- Sprint Planning, SR- Sprint Review, RE- Retrospective, BAC- Product and Spring Backlog, 

SOS- Scrum-of-Scrums, CI- Continuous Integration, BDC- Burndown chart 

Another stream of literature argues that the ability to mitigate some of the DSD 

challenges, corresponding to coordination, communication and cooperation, also 

intrigues the adoption of agile methods in this context (Ågerfalk & Fitzgerald, 2006; 

Bannerman et al., 2011; Paasivaara et al., 2012; Temitayo et al., 2017; Vallon et al., 

2018). For example, in spite of fewer opportunities for face-to-face informal 

communication, several scrum practices such as daily scrum meetings, sprint iteration, 

sprint planning, and review meetings can help to develop both task and team 

awareness among the team members, implicitly supporting coordination. Several 
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studies also highlighted various agile methods that promote effective coordination by 

mitigating different types of coordination challenges. Bannerman et al. (2011) 

evaluated the effectiveness of seven scrum practices by their role in mitigating four 

coordination challenges: 1) increased coordination costs, 2) reduced informal contact 

to lack of critical task awareness, 3) inconsistent work practices across sites, and 4) 

reduced cooperation arising from misunderstanding, and reported that scrum practices 

play a distinctive role in mitigating both geographical and socio-cultural challenges. For 

example, scrum meetings such as time-adjusted daily scrum, scrum-of-scrums, sprint 

review and retrospective sessions, could alleviate spatial dispersion impacts by 

improving shared understanding and awareness of critical tasks. However, the scrum 

model fails to provide any advantage in reducing temporal dispersion challenges. 

While reporting their journey, the majority of the studies also shared the problems and 

relevant practices to overcome and suggestions for future practitioners that are 

discussed in the following paragraphs. However, the adoption of agile practices in the 

distributed project is still a significant challenge reported in these studies (Booch, 2015; 

Jain & Suman, 2016; Vallon et al., 2018) that demands more empirical evidence for 

successful project coordination. 

Most of the literature on DASD has identified communication as the primary feature 

that is challenged in adopting agile in DSD. The core principles of agile methods 

(Fowler & Highsmith, 2001) emphasise continuous communication and response to 

frequent changes in requirements, therefore team members need to communicate 

efficiently and effectively to coordinate themselves. Due to the inherent nature, the 

success of agile implementation heavily depends on informal face-to-face 

communication and coordination among team members, which is difficult to implement 

in a DSD environment; hence, a number of studies in the literature highlighted various 

types of communication challenges and their impacts on coordination. 

The complexities in DASD communication are primarily caused by the physical and 

temporal dispersion that negatively impacts team members’ availability. For example, 
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Cataldo et al. (2008) report that distributed developers face difficulties in identifying 

appropriate people to contact while coordinating interdependent activities. This finding 

is consistent with a later study in which Šablis & Šmite (2016) attempted to understand 

whether team members in a distributed agile context are isolated or connected, and 

highlighted that the poor availability of remote contacts is a perceived challenge in this 

development environment. In addition to physical and temporal dispersion, Ghani et al. 

(2019) identified two other types of dispersion: socio-cultural and knowledge, which 

negatively impact coordination. Socio-cultural dispersion refers to the difference in 

language, culture, ethics and work practices which may result in misunderstanding and 

personal conflicts. Socio-cultural distance could be present in co-located team 

members; however, the impacts are exaggerated by the physical distance between 

them due to the lack of informal communication opportunities. Knowledge dispersion is 

caused by differences in the level of knowledge or experience about the customer 

organisation. Nonetheless, the current body of literature has acknowledged fewer 

impacts of the latter types of dispersion than the former types.  

Another important factor for effective communication is the ‘Organisational culture’, 

which is defined as ‘the values, attitudes, and behaviour that represent an 

organisation’s working environment, vision, and subjective’ (Hofstede et al., 2005). 

Organisational culture influences communication architecture since it controls the tools 

and technical compatibilities across the sites (Alzoubi & Gill, 2022). A bureaucratic and 

rigid organisational culture is a perceived challenge for communication effectiveness; 

whereas a flexible organisational culture promotes rapid communication by providing 

rich technological support, which enhances trust among the distributed members. Agile 

Enterprise Architecture (AEA) is a prominent strategy that could provide a blueprint for 

an entire organisation’s operational environment for a flexible, responsive and lean 

communication structure (Alzoubi & Gill, 2020); this could potentially aid in mitigating 

DASD communication challenges. 
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Several studies have investigated communication challenges and suggested strategies 

for overcoming those challenges in DASD. Dorairaj et al. (2011), based on grounded 

theory research, assigned the causes of Lack of effective communication into four 

categories: time zone difference, lack of communication tools, language barriers and 

lack of teamwork. They suggested several strategies for effective communication, such 

as increasing overlapped working hours, creating formal and informal communication 

opportunities using various rich communication tools, building personal relationships 

and regular site visits for developing trust. In a systematic review study, Alzoubi et al. 

(2016) categorised six types of communication challenges perceived in DASD projects 

and suggested techniques to overcome those challenges. For example, team 

configuration issues are the most impacting on DASD coordination which can be 

reduced by encouraging face-to-face meetings at the beginning of the project, frequent 

product demo sessions and increased virtual meetings between the distributed teams. 

Since distributed team members spent 38% more time on such group meetings (Stray 

& Moe, 2020), it is important to define and ensure the effectiveness of these type of 

communication, which is yet to be discovered (Kostin & Strode, 2022). 

Furthermore, while conducting the literature review on coordination in DASD, the 

researcher of this study and his team discovered that about half of the selected studies 

have mentioned several coordination challenges in their studies (Talukder et al., 2017). 

The results show that all the dispersion factors to some extent challenge the 

coordination process, and challenges related to coordination are interrelated because 

one reason can affect other aspects of coordination at the same time, such as 

communication challenges can create challenges in project management, team 

cohesion, and bonding. The researcher has explored whether all these reported 

challenges can be characterized using HOT (Human, Organization, Technical) 

perspectives that have been used by Hazzan and Dubinsky (2009). For a better 

understanding of the effects of dispersion in coordination, all the reported challenges 

are mapped using the HOT perspectives as shown in Table 2.4. To alleviate these 
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coordination challenges, appropriate coordination mechanisms need to be applied to 

effectively mitigate the coordination challenges. 

Table 2.4: HOT classification of DASD Coordination challenges adapted from (Hazzan & Dubinsky, 2009) 

  HOT Perspective 
  Human Organization Technical 

D
is

ta
nc

e 
Fa

ct
or

s 

Geographical 

- Unavailability of customer or 

proxy 

- effective remote conferences 

- misunderstanding complex 

requirements 

- Team cohesion and bonding 

- Skill and experience 

Difference 

- organizational standards 

- Cost of coordination 

- Increase documentation 

- Infrastructure difference 

- Lack of standard artefacts 

Temporal 
- Meeting synchronization and 

planning 

- delay in Feedback 

- Public holiday and vacation 

- Lack of standardization 

- Lack of control 

- Lack of project visibility 

- Delay in artefact 

management 

Socio-
technical 

- Directness and Honesty 

- Notion of responsibilities 

- Language 

- lack of critical awareness 

- Reduced trust 

- Traditions 

- Reduced Cooperation 

- Lack of shared 

understanding 

- Inconsistent work practice 

- Task conflicts 

 

More recent attention has focused on effective inter-team coordination in DASD 

projects. While this study notifies coordination, in general, as managing interdependent 

activities, inter-team coordination refers to the coordination of the dependent activities 

between teams. As multiple, interdependent software teams are involved in the 

development of the same software product, they form a team-of-teams structure that is 

closely similar to the Multi-Team System (MTS) architecture (Mathieu et al., 2002). A 

single team in the MTS structure has its proximal goals, and at the same time, 

collectively with other teams shares a common end goal. In DASD, these teams and 

their members are distributed across different geo-locations, therefore challenges of 

effective management of the dependencies between cross-site, distributed teams have 

been exaggerated. 

While investigating inter-team coordination in a large-scale DSD setting, studies 

reported several types of challenges that had an impact on coordination performance. 

Bick et al. (2016) identified that a lack of proactive identification of interdependencies, 

possible priority conflicts, and inefficient centralized control are the main challenges of 
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inter-team coordination. A static and programmed way of coordination is not sufficient 

to identify and resolve all types of dependencies, rather a proactive dependency 

identification mechanism should be in place to avoid inter-team work priority conflicts 

due to last-minute ad-hoc coordination needs and work blockers. Collaborative 

planning sessions including planning workshops and cross-team testing and bug-

solving under a dedicated product owner are effective mechanisms for proactive 

management of dependencies. Moreover, regular joint planning activities prior to each 

sprint incorporating distributed team representatives are effective to identify the 

dependencies and improve the dependency awareness that could be managed in 

subsequent inter-team coordination meetings. These findings are analogous to the top-

down planning and bottom-up adjustment suggested by (Scheerer & Kude, 2014) 

which is suitable for the hybrid coordination approach where traditional and agile 

development practices are effectively adopted in coordination (Bick et al., 2017). 

Fostering shared awareness across sites is another key challenge for inter-team 

coordination. There are five types of awareness that are vital to fostering cross-site 

coordination, these are: who (presence, identify, roles and responsibilities), what 

(action, intention, artifact), where (location), how (work procedure, artifact history), 

when (event notification) (Smite & Dingsøyr, 2012). Having a shared awareness of the 

presence and availability of remote site individuals, and being familiar with their 

identity, roles, and responsibilities support knowledge and expertise sharing across 

sites. Knowledge about what is going on in other teams including their work progress, 

and final goals (e.g. code changes, features) fosters awareness. Besides, knowing the 

location of the remote members such as local times, work hours and holidays, how 

they work, and when changes occurred could effectively support inter-team 

coordination. Improved accessibility to the different technical solutions and dedicated 

strategies are required to develop these types of shared awareness. However, it is 

important to shift the mindset, work habits and culture alongside the adoption of 

technological solutions. 
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It is a general belief that self-organising teams can control and adjust their 

communication to effectively manage their interdependencies (Hoda, 2011). However, 

it is challenging to control the communication structure while coordinating between 

distributed autonomous teams (Berntzen & Wong, 2021). The authors identified that 

distributed autonomous teams could perceive a high level of coordination when the 

received task interdependence is low. The received task interdependence represents 

the ad hoc needs for coordination caused by the workflow from other teams’ jobs, 

whereas initiated task interdependence is analogous to the flow dependency 

mentioned in Coordination Theory (Malone & Crowston, 1994). This finding is 

consistent with a recent literature survey (Ekasari et al., 2022) which states that 

managing collaboration and coordination between distributed autonomous teams is the 

primary communication challenge reported in the literature. Thus, it is established that 

distributed autonomous teams face difficulty in coordinating ad-hoc coordination needs, 

which negatively impacts their coordination effectiveness; therefore there is a need to 

constantly adjust the team communication structure by establishing dynamic 

collaboration and coordination mechanisms. 

 

Figure 2.2: A proposed taxonomy of inter-team coordination mechanisms 

A number of previous studies investigating inter-team coordination in large-scale 

distributed agile development have proposed several coordination mechanisms. The 

mechanisms suggested in these studies include scheduled and unscheduled meetings 

(Dingsøyr, Moe, et al., 2018; Moe et al., 2018), different communication tools such as 
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Slack and Jira, and artefacts such as a shared task board, backlogs, source code 

(Bass, 2016; Stray & Moe, 2020), designated boundary-spanner roles such as TAR, 

product owners (Gustavsson, 2017; Paasivaara & Lassenius, 2014). In continuation of 

this line of research, Berntzen et al. (2022) proposed a taxonomy of inter-team 

coordination mechanisms composed of three primary types of mechanisms: meetings, 

roles, tools and artefacts (as shown in Figure 2.2). Meetings could be either planned or 

unplanned and involve different types of participants depending on the purpose. For 

example, weekly demo sessions are regular inter-team meetings to showcase and 

demonstrate the work features, which facilitates team awareness (i.e. ‘what is going on’ 

and ‘which team is doing what’). The coordination roles could be individual or team that 

are external to the development team and mainly coordinate with other teams and 

stakeholders. For example, a development manager is responsible for collaborating at 

the team leaders’ level having knowledge of high-level team goals and inter-team work 

priorities. Finally, several coordination tools such as communication tools (e.g. email, 

slack), documentation management tools (e.g. Confluence, Jira) and artefacts such as 

Burndown chart, Release or product Roadmap, and Task boards collectively act as a 

coordination mechanism. This study also presented a framework to characterise these 

mechanisms based on technical, organisational, physical and social aspects that are 

believed to support the formation of an effective coordination strategy.  

Another influential aspect of successful coordination is the formulation of coordination 

strategies that can lead to achieving effective coordination. Coordination strategy can 

be defined as a combination of coordination mechanisms that are consciously selected 

rather than occurring by chance and fit together to manage the dependencies in a 

situation (D. Strode, 2012). From an organisational perspective, Okhuysen and Bechky 

(2009) claimed that an effective coordination strategy could solve coordination issues 

that fulfil three integrating conditions: accountability, predictability and common 

understanding. However, this study could not provide any guidance to the process of 

fulfilling these conditions in achieving effective coordination. Espinosa et al. (Espinosa, 
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Lerch, et al., 2002) first conceptualized the coordination strategy for DSD using an 

integrated framework. Focusing on the DSD project context, they proposed that a mix 

of explicit and implicit coordination mechanisms can provide a better way of managing 

dependencies effectively. They also underscored that while both types of mechanisms 

are important to form an effective coordination strategy, explicit coordination 

mechanisms have a greater influence on implicit coordination in this context.  

A later study by Li & Maedche (2012) adopted the coordination strategy concepts of 

Espinosa et al. (2002) and proposed a process of strategy formulation for DASD 

settings. They proposed that a combination of three main types of coordination 

mechanisms (i.e. mechanistic, organic and cognitive) could formulate an effective 

coordination strategy. In their preliminary understanding, they found that combining 

agile and plan-driven methods (i.e. hybrid approach) can serve as explicit mechanisms 

which are eventually influenced by or influence the implicit mechanisms and further 

lead to coordination effectiveness. Their preliminary results show that several 

situational factors such as task, team, technology, and organization have similar effects 

as in conventional GSD; however, several critical situational factors emerged that were 

not present in the literature. For example, customer requirements change has become 

an important factor that requires both mechanistic and organic coordination. Though 

several of these studies underlined the importance of coordination strategy formulation 

for different contexts and suggested several mechanisms (Espinosa, Lerch, et al., 

2002; D. Strode, 2012; D. Strode & Huff, 2015), there is no formal conceptualisation of 

coordination strategy for DASD projects. 

A growing body of literature proposed mechanisms for coordination in DASD drawing 

on different organizational theories. For example, from a multiple case-based study, 

Hossain et al. (2009) and Hole & Moe (2008) have drawn on Mintzberg’s theory to 

identify coordination issues due to spatial, temporal and socio-cultural distribution and 

revealed positive impacts of agile practices to reduce coordination risks. From their 

studies, it appears that formal mechanisms, i.e. coordination by standardization and 
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direct supervision, are more common in traditional DSD. Whereas mutual adjustment 

and feedbacks are more applicable in DASD since agile methods mostly rely on people 

and creativity and emphasize informal communication. While reporting the outcomes, 

they have shown that agile practices such as daily stand-up meetings with the aid of a 

synchronous communication environment can help to build mutual adjustment as well 

as minimize project coordination overhead (Hossain et al., 2009). 

Another longitudinal study applied work theory (Strauss, 1988) to analyse the success 

of Scrum in distributed project management activities (Pries-Heje & Pries-Heje, 2011). 

The articulation work theory explains that in order to pursue a common goal, all the 

dependent tasks performed by multiple actors within the project need to be articulated 

effectively. Alongside, an understanding should be established about who is doing 

what, when they do it, and when and how to coordinate their work. While working in a 

distributed environment, team members face issues related to articulating and 

establishing this understanding and four scrum practices (i.e. product backlog, sprint 

backlog, scrum board and daily scrum meeting) seem to be able to address these 

issues. For example, the tasks, their sequence, and their status are visible through 

sprint backlog and the scrum board that allows the team members to get an overview 

of the tasks and understand who is doing what, and further enables them to approach 

other team members directly to resolve any common issue. Additionally, scrum 

practices allow team members to develop a shared understanding of the development 

activities and realize the need for coordination (Bjørnson et al., 2018).  

While some studies have advocated agile practices as coordination mechanisms, their 

effectiveness is also criticised while coordinating in the DSD context. Paasivaara & 

Lassenius (2014) based on a case study performed in Ericsson, have reported that 

Scrum-of-Scrum (SoS) meetings are not effective in coordinating distributed team 

members and often proved time-consuming and not productive. Another four-year case 

study involving 120 participants has also reported similar results using a paradigmatic 

assumption and stated that scrum-of-scrums are not an appropriate scaling mechanism 
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for distributed agile projects. Furthermore, agile methods do not promote formal 

communication in distributed projects. One study pointed out that when using agile 

methods in distributed development, a mismatch of adequate communication 

mechanisms sometimes hinders team coordination (Pikkarainen, M. et al., 2008). 

Another stream of research suggests that adopting a hybrid approach, combining 

traditional plan-driven and contemporary agile development, can provide better 

coordination support in distributed development projects. Literature supporting this 

combined approach argues that hybrid approaches provide predictability, 

dependability, stability and effective use of resources (Moreno, 2013) that could create 

an ambidextrous strategy by balancing the flexibility-stability conflict (Saxena et al., 

2016). In a theory-based approach, Barlow et al. (2011) presented a framework for a 

hybrid approach with recommendations for successful implementation in large 

organizations. They proposed several hybrid methods that include practices such as 

segmented upfront design, surrogate customer, flexible pair programming, and Short 

release cycles with a layered approach and recommended that organizations should 

apply these hybrid methods based on project size, volatility, and project 

interdependencies. However, these theoretical-based hybrid methods are actually 

proposed for large-scale organizations, and their applicability in DSD is not understood. 

Therefore, it would be a good approach to investigate which mechanisms are effective 

in what situations in this complex development environment.  

Furthermore, due to the distributed arrangements, coordination activities in DASD are 

dependent on technology and computer-mediated tools. Procter et al. (2011) observed 

that coordination in this paradigm adopts different mechanisms for effective 

communication, such as Skype chat, Wiki, mailing lists, and Concurrent Versioning 

System (CVS). Many studies also reported that several collaboration tools are already 

been used in practice (Alyahya et al., 2011, 2013; Schuemmer & Lukosch, 2009). For 

example, while proposing a computer-based automated progress awareness tool, 

Alyahya et al. (2011) presented a review of several agile project management tools that 
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are popular to support agile practices, such as Rally, VersionOne, and XPlanner (Rally 

Software®, 2022; VersionOne, 2022; XPlanner, 2022). Recent coordination studies 

revealed that distributed team members heavily rely on informal communication tools, 

such as Slack for their ad hoc communication, which potentially reduces the need for a 

formal mode of communication (Henrik Vedal, Viktoria Stray, Marthe Berntzen, 2021; 

Stray & Moe, 2020). 

Another line of research investigated the usefulness of existing commercial and non-

commercial collaboration tools. Though there are already a number of tools available 

and being used to support various aspects of the coordination process, they lack 

support for effective coordination which probes innovative solutions. For supporting 

coordination in distributed Scrum teams, Feiner (2016) developed an open-source tool 

called Scrumpy which can support the coordination of requirements, time schedules, 

to-dos and code artefacts. In another solution proposal, Mak & Kruchten (2007) 

propose the NextMove tool to support asynchronous task prioritization and allocation 

for DASD projects that could resolve conflicts in inter-and intra-team task coordination. 

Nonetheless, their applicability and effectiveness to support DASD coordination are yet 

to be verified. Moreover, supporting tools and artefacts used in distributed agile 

projects have been less frequently discussed in the literature (Jain & Suman, 2016), 

which is particularly true in the context of coordination. 

Coordination in the DASD setting possesses risk resulting from different aspects. 

Several studies discuss risks associated with the adopti(Damian & Moitra, 2006; Emam 

Hossain et al., 2009)(Damian & Moitra, 2006; Emam Hossain et al., 2009). Lack of 

coordination, communication delays from time zone differences, inefficient tool support, 

and lack of shared understanding of the dependencies are the key risks in agile 

adoption. Several contextual aspects also generate risks that potentially affect project 

outcomes. For instance, the coordination and communication risks are exaggerated by 

geographical and temporal dispersion; the higher the dispersion, the greater the risks 

(Ambler, 2012). Likewise, other project contexts such as project size, product maturity, 
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and task complexity could result in risks which in turn impact the coordination. 

Shrivastava & Rathod (2015) categorized the DASD risk factors into five categories: 

software development lifecycle, project management, group awareness, external 

stakeholder collaboration and technology setup. All these risk categories include 

factors that are directly associated with effective coordination. For instance, 

coordination, collaboration, communication and trust are key elements of group 

awareness and a lack of such awareness, potentially creates risks impacting those 

elements. Their study presented a mapping of agile practices to the risk factors that 

could potentially mitigate those risks. These risk factors are aligned with the risks 

reported by Emam Hossain et al. (2009). Based on a review of extant literature, they 

proposed a framework to present the key risks due to GSD project contextual factors; 

however, the impacts of these risks on the dependencies and their coordination are not 

highlighted.  

In summary, all of the studies reviewed in this section confirm that DSD melding agile 

practices have gained significant attention in recent years. Until now most of the 

research in coordination in this setting has been focused on identifying challenges, 

proposing mechanisms, tools, and techniques by adopting existing agile practices to 

form strategies. While these studies have proposed solutions for coordination in DASD, 

they have also highlighted that practices and tools tend to have varying strengths in 

different areas of coordination support and little is known as to why they succeed in 

some cases and fail in others, which motivates a thorough investigation of the 

effectiveness of these coordination approaches. Moreover, several factors are also 

contributing risks and challenges to the coordination process that also need to be 

considered for effective coordination. This research attempts to explore these particular 

areas by answering the key research questions (as discussed in Chapter 1).  

2.2.6 Coordination Effectiveness 

‘Effective coordination means that the right actions are performed by the right agents at 

the right time and place’ (Heylighen, 2016, p. 8). 



Page 73 

The above statement defines the characteristics of coordination effectiveness and is 

consistent with a preliminary definition proposed by Crowston et al. (2006). In that 

study, the authors denoted coordination effectiveness as the extent to which different 

dependencies are well managed. That means the more effectively the dependencies 

are managed, the more effective the coordination. Another study on coordination from 

an organisational perspective elaborates that three distinctive conditions, 

accountability, predictability and common understanding need to act in concert to 

achieve effective coordination (Okhuysen & Bechky, 2009). Accountability indicates 

that each team and their members would have a shared understanding of their 

individual responsibilities (i.e. what to do and when) that will contribute to the overall 

goal. Predictability reflects that teams will be able to predict potential dependencies 

and parties (i.e. who is dependent and for what) that need to be involved earlier so that 

they get enough lead time to communicate and coordinate with dependent teams 

without causing delays by blockers. Common understanding refers to the shared 

understanding of the collective and interim goals (i.e. know why) and understanding 

how their and others work fit together to accomplish the goals.  

These three integrating conditions of coordination closely relate to each other. For 

instance, accountability promotes proactive behavior that initiates mutual relationship, 

shared knowledge of tasks and their progress which creates shared awareness of the 

tasks and actions of involved parties; thus making the dependencies predictable. 

Likewise, accountability generates common understanding about the tasks and goals 

that help to position each other’s actions in a coordinated fashion. This study also 

identified five distinct categories of coordination mechanisms: plans and rules, objects 

and representations, defined roles, routines, proximity and familiarity, that if applied 

simultaneously and combinedly, could serve the above integral conditions of effective 

coordination.  

In an empirical research study based on asynchronous and geographically distributed 

task context, Espinosa et al. (2002) designated coordination as the ‘state of 
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coordination’ which depends on the extent to which the mechanisms effectively satisfy 

coordination needs; the more efficiently the dependencies are managed, the higher the 

‘state of coordination’ can be achieved. They argued that a mix of explicit and implicit 

coordination mechanisms might lead to achieving coordination success (i.e. higher 

state of coordination) in DSD (see Figure 2.3). While explicit coordination mechanisms 

emphasise overt activities, implicit coordination mechanisms focus on constructing a 

shared cognition of team members, their expertise, and availability, task allocation, and 

status which enables them to know what to do next. In the case of geographically DSD, 

shared mental models of activities and goals, task awareness (i.e. what is happing and 

when), knowledge of expertise location (i.e. who knows what), and presence 

awareness (i.e. who is around) can act as an aid in coordinating effectively. They have 

also underscored that explicit coordination mechanisms have a greater influence on 

implicit coordination. This emphasises the importance of combining both explicit and 

implicit mechanisms for effective coordination. The explicit and implicit mechanisms 

and their relation to coordination effectiveness presented in this prior study can be a 

prospective resource for taking one step forward by applying in Distributed Agile 

context. 

Another stream of coordination research in an ASD context claims that formulating a 

coordination strategy integrating multiple mechanisms is helpful for achieving 

coordination effectiveness. Strode et al. (2011) proposed a conceptual framework of 

coordination in a co-located ASD context. While proposing a ubiquitous theory of 

coordination, they proposed a unified definition of coordination effectiveness based 

upon their case study research and exploiting the work of Espinosa et al. (2002). In 

their study, Strode et al. urged for two essential considerations while conducting any 

coordination research irrespective of contexts (e.g. co-located, distributed) and 

methodologies (e.g. agile, waterfall). One is to “find out what activities and artefacts in 

a situation support coordinated action”, and another is to “identify the features and 

characteristics of a highly coordinated state” – i.e., what such a state “looks like”. 
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According to their research, for achieving coordination effectiveness (i.e. a highly 

coordinated state) we should have a better understanding of what are the features and 

characteristics of coordination effectiveness and what coordination mechanisms can 

support achieving that state of coordination. Finally, they proposed a definition of 

coordination effectiveness that is applicable for co-located agile development projects 

which further needs to be evaluated in Distributed Agile context. Since this definition 

closely aligns with this particular research aim, we have discussed the model and its 

component’s in the following subsection. 

 

Figure 2.3: Espinosa et al.’s (2002) integrated Framework for Coordination in DSD  

Later, Darnell (Darnell, 2015), in his quantitative study, attempted to evaluate the 

components of coordination effectiveness proposed by Strode et al. (2011). Darnell’s 

aim was to predict the success of ASD projects. Based on the analysis of non-

experimental, cross-sectional survey results, it is evident that both implicit and explicit 

coordination mechanisms are important for co-located agile project success. However, 

explicit mechanisms have shown a greater impact on agile project success. As the 

effectiveness of explicit mechanisms is severely reduced in distributed contexts (Yadav 

et al., 2007), the validity of these findings warrants further research.  
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Further, Li & Maedche (2012) posed an initial framework of coordination strategies in 

DASD. Their findings are based on theoretical examination and literature review of 

DASD studies. The framework combined organic, mechanistic and cognitive 

mechanisms to form a coordination strategy that can lead to coordination effectiveness. 

Their framework also articulates the influence of several situational factors (i.e. task, 

team, technology, and organization) on the effectiveness of distributed agile team 

coordination.  

While exploring coordination in agile global software development, Scheerer & Kude 

(2014) presented a conceptual framework of coordination strategies. This framework 

adopted Espinosa et al.’s (2002) prior work to define coordination effectiveness. Their 

research findings present different archetypes of mechanistic, organic and cognitive 

mechanisms to form a coordination strategy. However, the findings are based on 

conceptual insights that need to be evaluated in a real-life context. 

The extant literature has made several attempts to shed light on coordination 

effectiveness and its importance on project and team success. A summary of the 

current literature on coordination effectiveness, mentioning their context and primary 

focus, is shown in Table 2.5. The underlying aim of this research is to specifically focus 

on realizing the process of achieving effective coordination in the DASD context. In 

doing so, the researcher will start by analysing of most relevant literature i.e. the work 

of Espinosa et al. and Strode et al.’s work (Espinosa, Lerch, et al., 2002; D. E. Strode 

et al., 2011), which will be used as a baseline for this research to gain an in-depth 

understanding of this concept. 

Table 2.5 Summary of Literature on Coordination Effectiveness: 

Authors Year Context Research Focus 

Xu and Cao 2006 ASD Coordination mechanisms and their impact on the effectiveness 

Strode et al. 2011 ASD Definition of Coordination Effectiveness 

Strode et al. 2012 ASD Theory of coordination 

Darnell 2015 ASD Evaluating Strode’s coordination effectiveness model to project 
success 
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Espinosa et al. 2002 DSD Coordination mechanisms in DSD 

Espinosa et al. 2007 DSD Effect of team cognition on coordination effectiveness 

Li & Maedche 2012 DASD Formulation of Coordination strategy for Coordination 
Effectiveness 

Scheerer et al. 2014 DASD The interplay between Coordination Strategy and inter-team 
coordination effectiveness 

Stavrou et al. 2014 DASD Effects of structural incongruence on coordination effectiveness in 
MTS 

* DSD= Distributed SD, ASD= Agile Software Development, DASD= Distributed Agile Software 
Development 

 

2.2.6.1 Strode’s Model of Coordination Effectiveness 

The most recent and relevant study to define coordination effectiveness has been 

reported by Strode et al. (2011), presenting a theoretical concept of coordination 

effectiveness in an agile software project context (see Figure 2.4). As an outcome, a 

definition of agile project coordination effectiveness has been developed that states: 

“Coordination effectiveness is a state of coordination wherein the entire agile software 

development team has a comprehensive understanding of, the project goal, the project 

priorities, what is going on and when, what they as individuals need to do and when, 

who is doing what, and how each individual’s work fits in with other team members 

work. In addition, every object (thing or resource) needed to meet a project goal is in 

the correct place or location at the correct time and in a state of readiness for use from 

the perspective of each individual involved in the project”. 

According to the definition, coordination effectiveness consists of an explicit 

component, i.e. the ‘right thing’ is in the ‘right place’ at the ‘right time’, and an implicit 

component, i.e. know why, know what is going on and when, know what to do and 

when, know who is doing what, and know who knows what. This concept of 

coordination effectiveness has been derived from a broader work by Strode (2012) 

where a theory of coordination in ASD has been presented. In that work, the author 

stated that coordination effectiveness is an outcome of a particular coordination 

strategy (i.e. synchronization, structure, and boundary spanning) and the coordination 

strategy varies depending on the customer association in the project. If the customer or 

their representative is present, coordination strategy including synchronization and 
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structural coordination mechanisms will lead to a higher state of coordination. On the 

other hand, if the customer or their representative is absent, additional boundary-

spanning mechanisms are needed along with synchronization and structural 

mechanisms (Espinosa et al., 2007b). 

 

Figure 2.4: Strode's Coordination Effectiveness Model 

 Drawing upon the above two strands of research, Strode et al.’s works provide a 

pragmatic theory of coordination along with a clear definition of coordination 

effectiveness and its relationships in an ASD context. Moreover, while defining 

coordination effectiveness components, the present research adapted Espinosa et al.’s 

(2002) work, which focused on DSD projects. Therefore, it is more likely to be 

applicable in a distributed agile context. However, several contradictory characteristics 

of the distributed context require a review of this definition to generalise for distributed 

agile settings. 

Firstly, some of the coordination mechanisms of the suggested strategy are not 

available in DASD settings. For example, in the case of structures, achieving proximity, 

availability, and substitutability of remote members is not feasible in distributed 

settings, and synchronization activities such as performing daily stand-up meetings 

from all locations at the same time or informal interaction via face-to-face conversation 

are not possible due to geographical and temporal separation. Another effect of 
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distribution is that, though some of the mechanisms are still present in both co-located 

and distributed settings, the effectiveness of those mechanisms is affected due to a 

lack of co-presence. For example, distributed team members can use video 

conferencing for communicating in real-time, but several physical and contextual 

references are missing in this virtual communication (Espinosa et al., 2007b). Since 

coordination via team cognition mechanisms in co-located and distributed members 

differs significantly (Espinosa et al., 2007b), implicit components of coordination 

effectiveness might need to be re-assessed and adjusted accordingly. For example, 

presence awareness or knowing who is available can promote effective coordination 

(Steinfield et al., 1999), which is not considered in Strode et al.’s model.  

The overall understanding drawn from the above analysis shows that coordination 

effectiveness in ASD requires both explicit and implicit components, and to secure a 

highly coordinated state, an appropriate coordination strategy should be employed to 

satisfy both components. As per the discussion, this conceptualization is worth 

applying in the DASD context and finding new insights that will help to extend this 

concept complementing DASD project characteristics. Moreover, there is a lack of 

comprehensive understanding of the risks associated with different dependency types 

and their impacts on coordination effectiveness in DASD settings (Bick et al., 2017).  

2.2 Systematic Literature Review 

This systematic review is a part of the groundwork for this research and the goal was to 

get a useful classification and structured overview of the current research on 

coordination in DASD. It is also a valuable baseline to assist new research efforts 

(Kitchenham & Charters, 2007a) which was another purpose of this review. This review 

process follows the established guidelines and procedures proposed in the literature 

(Dybå et al., 2007; Kitchenham & Charters, 2007; Okoli & Schabram, 2010). The 

review process consists of the following steps: establish review protocol, conduct 

search, screening and selection of papers, and data extraction and classification. 
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2.2.1 Establish literature review protocol 

A systematic literature review is described as a “systematic, explicit and reproducible 

method for identifying, evaluating and synthesizing the existing body of completed and 

recorded work produced by researchers, scholars and practitioners” (Fink, 2019, p. 3). 

Therefore, it should follow a clearly defined protocol that will make this process 

rigorous and able to be replicated by other researchers. A clearly defined review 

protocol should have a specific rationale and intention, literature searching and 

selection criteria, and an established data extraction and classification scheme. 

In this research, the motivation is to identify the state-of-the-art of coordination 

research in DASD. The main objectives of this review are to (i) establish the body of 

knowledge by identifying and classifying the available research on coordination in 

DASD, and (ii) identify the main types of research published.  

2.2.2 Searching Relevant Studies 

The search strategy applied in this review included electronic databases and manual 

searches of conference proceedings. The search process was conducted in two main 

phases. In the first phase i.e. the preparation phase, we used a basic search string to 

identify an initial set of studies referred to as primary studies. These primary studies 

were the basis for refining the search string that would provide the same set of studies 

in all the databases. Finally, the keywords for the search were finalised based on the 

results received from Google Scholar and Scopus databases. 

In the second phase, the final search string was applied to four comprehensive and 

widely used databases: Scopus, ACM Digital Library, IEEE Xplore, and AIS Electronic 

Library (AISeL). In addition, all volumes of the XP and Agile Development Conference 

proceedings were searched manually. Search strings were formulated by combining 

three key concepts using the ‘AND’ operator. Keywords in each key concept were 

combined using the ‘OR’ operator to ensure good coverage of papers related to that 

particular context area. The final search string, illustrated in Table 2.6, was adopted to 

meet the specific idiosyncrasies of each database search form. 
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Table 2.6: Search terms used in this study 

 ‘A’ AND ‘B’ AND ‘C’ 

A Agile OR scrum OR XP OR extreme programming OR lean OR Kanban 

B Global* OR distributed OR disperse* OR “large-scale” OR “large scale” 

C coordination OR “co-ordination” 

Agile methods were limited to the most commonly used methods in practice, i.e. agile, 

scrum, extreme programming, lean and Kanban, and all types of distributed contexts 

were included (e.g. large-scale, global, and dispersed development). Any previous 

review studies, either a systematic literature review or mapping studies (Petersen et al., 

2015) were also considered. 

 

Figure 2.5: Stages of the study selection process 

2.2.3 Screening and Selection Procedure 

The search string applied on the four databases (i.e. ACM Digital Library, Scopus, 

IEEE Xplore, and AISeL) retrieved 178 papers. The summary of these screening 

results is illustrated in Table 2.7. Two researchers (the candidate and one supervisor) 

independently analysed the 178 publications and applied the inclusion and exclusion 

criteria. This included excluding studies based on titles and abstracts, and removing 

duplicates, non-English publications, and non-peer-reviewed scientific papers. This 

process resulted in 53 papers being excluded and 125 studies included. Next, three 

researchers (the candidate and two supervisors) analysed the 125 papers over a two-

week period. Both during and at the end of this period, meetings were held to conduct 

in-depth reviews of each paper. The outcome of this produced 50 papers that were 

Identify relevant studies – 
search databases and 

conference proceedings 

Obtain primary papers and 
critically appraise studies 

 

Exclude studies on the basis 
of titles and abstracts 

Stage 1 

Stage 2 

Stage 3 

n = 178 

n = 125 

n = 50 
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assessed for quality using the criteria proposed by (Dybå & Dingsøyr, 2008) (see 

Figure 2.5). 

Table 2.7: Summary of screening results 

Database Search Results Relevant Paper 

SCOPUS 323 72 

IEEE 114 37 

ACM 508 21 

AISel 1061 48 

Studies were eligible for inclusion in the review if they clearly addressed specific 

aspects of coordination in DASD and presented empirical data. Studies published 

between 2006 and 2016 were included. Only studies written in English were included. 

Studies were excluded if their main focus was not coordination in DASD. For example, 

studies that focused on large-scale agile development, but not in a distributed context 

were excluded. In cases where studies were published in more than one outlet, then 

the most recent version was included. For example, if there were two studies, one 

conference and a later journal publication, then the conference publication was 

excluded. Non-peer-reviewed scientific works (e.g. books, book chapters, experience 

reports) were excluded. 

2.2.4 Data Extraction and Classification 

The derivation of the classification scheme was based on Petersen’s classification 

guidelines (Petersen et al., 2015). First, the abstracts were reviewed to identify the 

main concepts and themes related to coordination in DASD using the `keywording' 

process described in the guideline. Second, the set of keywords collected from different 

papers was combined together to develop a high-level understanding of the theme, 

context, and contribution of the research in order to form three classification categories: 

Theoretical Foundation and Application, Techniques and Tools, and Challenges 

(shown in Table 2.8). All the extracted data were mapped into these categories. To 

minimise the threat of researcher bias, the extraction and classification process was 

reviewed by the two supervisors. 
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2.2.5 Threats to validity 

Construct validity relates to the alignment of what is investigated to what the 

researchers had in mind, as well as the completeness of the results. To reduce this 

threat, a data collection process was designed in advance  that  defined  the  research  

questions  and  the search  strategy.  Search  terms  were  clearly defined  that would 

enable  us  to identify the relevant literature. In addition, we used synonyms of the main  

terms  to  capture  variations  that  may  appear  in  the  literature.  To  address  the  

second  aspect  of construct validity  (i.e. completeness of  results), ensuring we found 

all the  papers on the topic area of interest,  we  undertook  the  search  in  publication  

databases  that  are  reputed  to  be  well  indexed. Reliability (repeatable with the 

same results) of the data collection was ensured by defining our search terms  and  

procedures  in  sufficient   detail   so  they  can   be  replicated   by   other  researchers.   

The inclusion/exclusion criteria are also described to a  level  of detail  that can  be 

replicated by  others  and have little room for misinterpretation. The categorization is  a  

possible threat to validity  and although the  procedure  is  described,  it  is  not  certain  

that  others  would  come  up  with  the  same  classification schemes.  To  address  

this,  the  classifications  were  conducted  by  the  first  author  and  validated  by  the 

second and third authors. Internal reliability is a low threat in this study since only 

descriptive statistics were used in the analysis of the data. External validity is not in 

question for this study since we do not try to generalise our results to other review 

studies. 

2.2.6 Results Summary 

Our literature review showed that the majority of research (40%) had focused on the 

application of general coordination theories to understanding various aspects of 

coordination in DASD, e.g., activities, roles, mechanisms, and strategies. For example, 

CT is most commonly used as a theoretical lens to gain a better understanding of the 

process of formulating coordination strategy (Bick et al., 2014; Xu, 2009) and to 

understand the role of communication in supporting coordination (Li & Maedche, 2012; 
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Modi et al., 2013). Another theoretical framework of coordination proposed by 

Mintzberg consisting of three main mechanisms (i.e. direct supervision, standardization 

and mutual adjustment) has been applied to understand the relevance of agile 

organisational context (Hossain, 2008a; Hossain et al., 2009; Morken, 2014b). 

Table 2.8: Classification Scheme developed from data 

Classification Scheme Key Reported Aspects 

Theoretical Foundation and Application 

Theories related to coordination in DASD: application of 

well-established theories to conceptualize activities, 

dependencies, dimensions, and effectiveness and 

coordination roles. 

Techniques And Tools 

Coordination practices and mechanisms, strategies, 

artefacts, conceptual frameworks and tools for coordination 

support 

Challenges Coordination challenges related to DASD 

The second line of research that gained popularity in this field investigated different 

types of dependencies and their effective management. As Malone and Crowston 

stated, “If coordination is defined as managing dependencies, then further progress 

should be possible by characterizing different kinds of dependencies and identifying the 

coordination processes that can be used to manage them” (Malone & Crowston, 1994, 

p. 91). 

While understanding coordination from various aspects, studies have investigated 

different types of coordination needs and mechanisms to manage them effectively as 

discussed in the previous sections. However, the review revealed that there is relatively 

limited research on the effective implementation and management of these aspects in 

DASD. For example, while a few papers highlight the significance of specific roles for 

effective coordination in DASD, there is no specification of the functions and obligations 

associated with these roles. Some studies have contributed to gaining a better 

understanding of coordination effectiveness and strategy formulation in general; 

however, there is an apparent lack of specific guidelines on the strategy formulation 
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process and measuring and monitoring coordination effectiveness in DASD. This 

presents a promising future area for more research to understand coordination in this 

dominant context. 

The main type of research has been evaluation research, followed by solution 

proposals and philosophical papers. While there is some research on proposing and 

developing solutions to support coordination, there is a relative lack of research on their 

evaluation in real distributed agile settings. The outcomes of this review and 

classification scheme should help researchers position and plan their future research. 

2.3 Limitations of Current Literature 

Based on the above literature review, this section first summarises the current status of 

the knowledge and points out the limitations of the literature. At the same time, this 

section explains how this research seeks to fill the gap by answering the research 

questions of this study.  

Coordination is a contemporary problem in both DSD and agile contexts and current 

literature has acknowledged multiple issues. Several kinds of literature have 

documented coordination problems and challenges related to DSD or agile, while the 

combination is not well examined in a real-world situation. Some of the literature 

advocated for agile approach to mitigate DSD issues, whilst others believe both DSD 

and agile approaches contradict each other in nature, therefore, imposing a 

coordination burden. Temitayo et al. (2017) highlighted the need for empirical in-depth 

studies to investigate the fundamental challenges in adopting Scrum in DSD projects 

and strategies to address those challenges. Their study also outlined the importance of 

studying the contextual factors and their impact on the effective use of Scrum practices 

in DSD projects. Hence, there is a need for a comprehensive study of challenges 

related to coordination while combining agile and DSD, which is answered by RQ1.4. 

While a taxonomy of dependency has been proposed in an ASD context, its 

applicability and validity in the DASD context have not yet been evaluated. The 
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research reported in this thesis seeks to evaluate the existing taxonomy by answering 

research question RQ1.1. 

Most studies in the field of DASD described a number of agile practices as coordination 

mechanisms and consider ways of formulating them as strategies for effective 

coordination. While some studies suggest adopting a pure agile approach, others 

suggest a hybrid approach can be more beneficial. However, both approaches have a 

record of failure and there is no guideline for situations in which the agile or hybrid 

approach can better support coordination. Herbsleb (2007) articulated a similar 

problem by asking what practices are effective in DSD and when. Though his question 

was targeting DSD projects, this question applies to DASD projects as well. Moreover, 

coordination mechanisms in one context may not necessarily exhibit the same level of 

performance in other contexts, due to other antecedents such as task complexity, team 

configuration, the technology used and organizational structure, as well as dispersion 

factors. Therefore, there is a pressing need for research that investigates the 

effectiveness of coordination mechanisms in the DASD context and that at the same 

time looks for emerging technologies that can support coordination effectiveness. The 

current research addresses this knowledge gap by answering RQ1.2 and RQ1.3.  

The review outcomes singled out that several studies have mentioned coordination 

effectiveness as a prerequisite for project and team performance. Some have made 

effort to define the construct of coordination effectiveness from an agile project context 

(D. E. Strode et al., 2011), while others defined it from a distributed project context 

(Espinosa, Lerch, et al., 2002). However, there is no literature that has covered both 

these contextual aspects and provided a comprehensive understanding of the 

necessary conditions for coordination effectiveness in globally distributed agile teams 

(Bick et al., 2017). This particular research seeks to redefine the concept of 

coordination effectiveness in DASD by answering RQ1.2. 

Finally, most of the review studies conducted in DASD highlighted the lack of 

theoretical models or frameworks based on empirical works to provide a generalised 
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understanding of agile adoption in DSD projects (Jain & Suman, 2016; Vallon et al., 

2018) and coordination in particular. Accumulating the knowledge gathered from the 

supporting questions, this research strives to develop a comprehensive understanding 

of coordination and, further proposed a theoretical model of coordination in DASD to 

answer the overarching research question (i.e. RQ1). 

2.4 Preliminary Model Development 

One of the key aims of this research is to develop a conceptual model of coordination 

in DASD based on prior theoretical understanding elicited from the existing literature 

and data analysis findings. A preliminary conceptual model has been developed by 

combining the understanding of the foundational concepts of coordination in similar 

contexts, which is further amended at a later stage to form the complete model. The 

benefit of this approach is that having a priori specification of the constructs is helpful to 

the design of any theory-building research (Eisenhardt, 1989). As discussed, the 

researcher systematically reviewed the extant literature to understand the requirements 

of coordination and what measures can lead to successful coordination outcomes. This 

understanding is combined into a preliminary model of coordination, which is illustrated 

in Figure 2.6. 

Coordination in the DASD context can be well described adopting an ‘input-process-

outcome’ (I-P-O) model (McGrath & Hollingshead, 1994) that has already been used in 

previous coordination research (Espinosa, Lerch, et al., 2002; Espinosa & Pickering, 

2006; Li & Maedche, 2012). The input variables (I) alternatively referred to as 

situational factors, will include several contextual factors that affect the coordination 

process. The variables will include geographical distance, temporal separation, and 

other factors relating to task, team, organization, and technology. Process (P) will 

comprise a mix of prioritised coordination mechanisms termed a coordination strategy. 

The coordination strategy will include both explicit and implicit coordination 

mechanisms, to effectively satisfy coordination needs. And finally, the coordination 

outcome (O) can be portrayed by coordination effectiveness and coordination costs 
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which can lead to better team and project performance. This research initially adopted 

Strode’s definition of coordination effectiveness (D. E. Strode et al., 2011) and further 

refined it based on the data analysis findings to match the context of this research. 

According to Espinosa & Pickering (2006), success of the coordination process should 

also consider the substantial cost of coordination incurred in managing distributed task 

dependencies, including extra effort for communicating, clarifying misunderstandings 

and costs of delay and rework involved due to misunderstanding. For this reason, this 

model includes both coordination effectiveness and coordination cost as measures of 

coordination outcome as shown in Figure 2.6. 

 

Figure 2.6: The preliminary conceptual model of coordination in DASD 

As mentioned earlier, a definition of coordination effectiveness exists which is 

appropriate for the co-located agile context, but its applicability in distributed agile 

projects is not established yet. Following this as the key concern of this research, a 

preliminary model of coordination effectiveness has been formed drawing upon two 

empirical works by Espinosa et al. and Strode et al. (Espinosa, Lerch, et al., 2002; D. 

E. Strode et al., 2011). 

Firstly, Espinosa et al. (Espinosa et al. 2002) presented an integrated framework of 

team coordination incorporating both explicit and implicit coordination mechanisms 

(see Figure 2.3). This framework is applicable for asynchronous and spatially dispersed 

environments. They emphasised a combination of explicit and implicit mechanisms to 

achieve a ‘state of coordination’ (i.e. coordination effectiveness). In distributed 

development settings, explicit activities (i.e. task programming, team communication) 

cannot effectively coordinate the needs of team members. The reason is that effective 
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coordination demands a shared cognition among the members about the task, process, 

people, expertise, and availability, which helps them to coordinate effectively. 

Additionally, explicit coordination has a significant impact on implicit coordination. 

Therefore, any theory related to distributed team coordination should consider both the 

explicit and implicit mechanisms for effective coordination. 

 

Figure 2.7: Initial Model of Coordination Effectiveness in DASD adapted from Strode et al. (2011) 

While developing a coordination perspective on ASD, Strode et al. (2011) proposed a 

theory of coordination based on three independent agile projects and one non-agile 

project. They proposed a coordination effectiveness perspective which exploited 

Espinosa et al.’s work discussed in earlier paragraphs. While conceptualizing, Strode 

et al. considered an explicit part (i.e. ‘right thing’ should be present in the ‘right place’ at 

the ‘right time’) and an implicit part (i.e. Know why, Know what is going on and when, 

Know what to do and when, Know who is doing what, and Know who knows what) and 

several influencing factors (i.e. the size of the project, its complexity and level of 

uncertainty). Finally, they proposed a definition of coordination effectiveness that is 

applicable for co-located agile development projects. Due to the presumable loss of 

better understanding of the dependencies, shared goals (for particular sprint), location 

of expertise, and lack of overall knowledge of sprint planning, distributed agile 

development potentially differs from that undertaken in a co-located context. Moreover, 

this definition lacks in covering some of the coordination issues that are particular to 

DASD such as: knowing who is available in other sites (i.e. presence awareness) 
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(Espinosa, Lerch, et al., 2002), standardization of artefacts, tools, norms, work process 

and practices, building mutual trust, which motivates further research to validate and 

upgrade the definition for Distributed Agile Development context. For example, the 

model of coordination effectiveness is the refined form of Strode et al.’s model 

including a new implicit component “know who is available” based on Espinosa et al.’s 

suggestion (shown in Figure 2.7). 

From the above discussion, it is worthwhile to plan and position research to develop a 

conceptual model of coordination effectiveness using Strode’s theoretical model of 

coordination effectiveness as a platform. The preliminary models adopting the above 

studies are presented in Figure 2.6 and Figure 2.7, which are refined and finalised in a 

later stage based on further literature review and case study data analysis. 
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Chapter 3 : Research Design and Methodology 

 

A research methodology offers ways to systematically address the research questions. 

Such a methodology will contain a research strategy and a research design that 

includes data collection and data analysis methods. In this study, the research strategy 

constitutes a mix of positivist and interpretivist paradigms applied in a multi-case study 

approach. This methodology is appropriate for developing theories by analysing real-

world data coll(Eisenhardt & Graebner, 2007)s (Eisenhardt & Graebner, 2007). 

The central aim of this research is to understand the ways Distributed Agile Software 

Development (DASD) teams can achieve effective coordination. To build the 

understanding, this work first focuses on identifying the key dependencies and 

mechanisms applied in each case. Further investigating these data, this study seeks to 

understand what constitutes an effective coordinated state and the factors that can 

influence the constituents of coordination effectiveness.  

In the second phase, this work establishes the relationships between the techniques 

and tools adopted for coordination and the components of coordination effectiveness 

i.e. which techniques and tools contribute to which components. While doing so, the 

researcher also identifies the challenges that can hinder the effectiveness of 

coordination and possible opportunities to mitigate those challenges. Finally using 

those multi-phased outcomes, this work will fulfil the aim of the research by interpreting 

the outcomes to answer the research questions. The research questions are presented 

in the following to facilitate a better understanding of the relevance of the adopted 

research design and applied methods: 

RQ1: How are the key dependencies coordinated effectively in DASD? 

RQ 1.1: What are the key dependencies in DASD? 

RQ 1.2: How are they coordinated? 
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RQ 1.3: Is this coordination effective? 

RQ 1.4: What are the challenges and factors associated with the coordination 

mechanisms?  

This chapter contains a discussion about the selection and justification about research 

strategy and approaches applied in this study. The discussion has the following 

structure: 

• Research design 

o Methodology selection 

o Case study research 

o Case study protocol 

• Research implementation 

o Unit of Analysis 

o Case selection 

• Data collection 

• Data Analysis 

• Ethical considerations 

• Validity, reliability, rigor and relevance 

• Summary 

3.1 Research Design 

The selection of research methodology needs to be appropriate to address the study’s 

research questions. The researcher needs to explore the available research methods 

to investigate the suitability and applicability of each in the research. The selection of 

the research methodology will further guide the research design that includes 

procedures to summarise the outcomes from a broad range of assumptions through 

the data collection and analysis (Creswell & Creswell, 2017). In any Information 

Systems (IS) research, the research topic and philosophical perspectives lead to the 

selection of research methods (Dubé & Paré, 2003). This research follows a multiple 

case study approach that helps to explore, understand and explain a contemporary 

social-technical phenomenon (Klein & Myers, 1999). In the following sections, we 
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discuss how the philosophical perspective of the researcher and the primary research 

questions influenced the selection of this particular research method. 

3.1.1 Methodology selection 

3.1.1.1 How the philosophical perspective influences the research approach 

The selection of any research methodology is essential to address specific research 

questions that support the research paradigm. The research paradigm or philosophical 

stance comes from the belief system that originated from the researcher’s 

epistemological and ontological beliefs (Guba et al., 1994). There are several 

epistemological beliefs already established in the research paradigm. Each 

epistemology defines ‘what is true knowledge’ and ‘how to obtain it’. At the same time, 

ontological beliefs are based on the world’s reality. Ontological believers argue that 

reality is fixed irrespective of how we attempt to understand it. Understanding the 

difference between these two beliefs is an integral part of any research because the 

stance we adopt will affect the choice of methodology, and that will lead us to 

acceptable evidence to answer the research questions. People possess different 

philosophical stances, Easterbrook et al. (2008) suggest that the researcher should be 

explicit in their philosophical stance as it will help to pose logical arguments for their 

methodology selection.  

There are four predominant philosophical stances already established in software 

engineering research, and those are: Positivism, Constructivism or Interpretivism, 

Critical Theory and Pragmatism (Creswell & Creswell, 2017). Each of the philosophical 

stances is discussed in the following paragraphs to help the reader to understand the 

stance adopted in this research. 

Positivism 

This philosophical stance is based upon the belief that all gained knowledge is logically 

extracted from the observed phenomena. In simple words, any positivist will observe a 

set of prevailing phenomena in their contextual setting. They will try to understand them 

and relate them to other phenomena to create valid knowledge out of them. They also 
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believe that these relationships are repeatable and measurable in similar contexts. 

Positivists are also referred to as reductionists as they seek to break things into smaller 

components to better understand them. From the ontological perspective, positivists try 

to establish that there is only one reality, and it is knowable by observing the 

phenomenon. In the real world, these beliefs are questionable due to doubts about the 

reliability of the observation of the world (Easterbrook et al., 2008). Due to this doubt, 

most positivists focus on developing falsifiable hypotheses and try to test them to 

establish and validate their knowledge. A positivist also believes that any social 

phenomena and their meanings are independent of social actors and should satisfy 

expectations of falsifiability, logical consistency, relative explanatory power, and 

survival. Hence, case studies, surveys and controlled experiments are most closely 

associated with positivism. 

Constructivism 

Constructivists are concerned about people and their relationships in a particular social 

setting and what influences their behaviours and actions. Constructivism is also 

commonly referred to as Interpretivism (Klein & Myers, 1999) as the researcher tries to 

interpret the social interactions and the reasons behind those actions. Interpretivists 

believe that there are multiple realities possible in any social setting and each reality 

may represent different social situations. Each social situation influences the social 

interactions between the actors. A researcher following this paradigm argues their 

perceptions of the causality of each social interaction that creates valid knowledge. For 

example, in a Distributed Software Development (DSD) context, different teams adopt 

and perform the same agile practices in different ways. Each team has their own 

thinking and reasons for their choice. Constructivists study those occurrences and 

attempt to build theories from emerging knowledge. As this paradigm concentrates on 

the social settings and interactions and activities between the actors, rich qualitative 

data is necessary. Therefore, research methods such as ethnographies, exploratory 

case studies, surveys are most often used in Constructivism. 
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Critical Theory 

Epistemologically, Critical theory researchers believe that the current view or thoughts 

about the system are strongly entrenched by power structures. Critical theorists 

attempt to relieve people from these restrictive systems of thought  (Calhoun, 1995). 

Critical theory research challenges the existing knowledge and critically evaluates the 

reality of that knowledge. Finally, the outcome of this research makes an effort to 

improve the current understanding and practices. Therefore, researchers in this belief 

seek to actively engage the people whom it will help, and they perform the 

emancipatory role. From the ontological viewpoint, critical theory research is a holistic 

approach. It covers both historical and contextual elements in the study so that the 

research can include the historical actions and their perspectives. At the same time, it 

validates the present actions to find opportunities for constant improvement. Hence, 

critical theory research tends to follow longitudinal or ethnographical methods 

(Orlikowski & Baroudi, 1991). However, action research also closely relates to this 

philosophical stance. 

Pragmatism 

The Pragmatism paradigm acknowledges the interplay between knowledge and action. 

Pragmatic researchers believe that knowledge is not absolute for every single 

occurrence in the world. All the actions and their outcomes (i.e. changes) are relative. It 

means that no action is effective and applicable in every other scenario that are similar. 

It varies from person to person which makes the knowledge relative to the person who 

is observing. Pragmatists believe that knowledge can vary based on the method by 

which it is obtained (Menand, 1997). Therefore, researchers in this paradigm attempt to 

find what action works at the time can be entitled as truth. As a result, any method that 

gives the researcher an opportunity to intervene in the world instead of just observing, 

is more appropriate for this paradigm. Moreover, the pragmatic paradigm emphasises 

more on practical knowledge over abstract knowledge, so whatever method is fit for 

that purpose can be applied. A mix of multiple research methods can be used to 
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identify and solve the problems under study. As per Goldkuhl (2012), a combination of 

Action research and Design research is the best option in such cases. Action research 

enables the researcher to actively intervene in the problem domain and effect changes 

that are necessary. On the other hand, the design research approach supports building 

artefacts as an outcome of the research. Due to the inherent belief system, Pragmatic 

research usually faces criticism about the validity of the outcomes. Pragmatic 

researchers rely on the consensus of the participants to verify the truth uncovered 

during the process. 

3.1.1.2 Paradigm for this research 

Guba et al. recommended three factors to be considered while choosing the paradigm 

for any research. Those are: the basic belief system of the researcher, the research 

questions, and the nature of the phenomenon of interest (Guba et al., 1994; Orlikowski 

& Baroudi, 1991). 

The definitions and examples of different paradigms suggest that both positivist and 

interpretivist paradigms help to develop a view of the world in a particular context and 

can be used to develop theories. Hence, both paradigms have merits to be accepted 

for this study. Critical theory is not appropriate for this study because the researcher is 

not performing any critical evaluation of any theory or existing knowledge. Rather, the 

researcher is seeking to develop a theory of coordination in a specific context, which 

could further lead to critical theory research. Similarly, pragmatic beliefs are also not 

appropriate for this study. The research participants will primarily be involved in the 

data collection and, possibly, in the evaluation phase, but they will not be involved in 

other research activities such as Action research. Rather, this study will investigate the 

coordination mechanisms for assessing coordination effectiveness, which can further 

be reported as a recommendation for practitioners. These recommendations can be 

used for solving coordination issues, which is the primary intention of Pragmatists. 

Though part of the study objective overlaps with the Pragmatic paradigm, the overall 

research objective is different. 
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The research questions of this study could reasonably be answered by either a 

positivist or interpretivist approach, given the focus of this research is to understand the 

coordination needs and their management techniques in DASD projects. Both positivist 

and interpretivist perspectives could be applied to understand the phenomenon and 

develop theories in this context. 

The development of theories is considered to be a significant feature of any scientific 

study. Theories help to identify any phenomenon and then explain the reasons for the 

occurrence so that predictions can be made to contribute to changes. One of the key 

aims of this study is to develop theories for effective coordination in DASD context. All 

four philosophical stances have merits that contribute to the theory-building process. 

Easterbrook et al. (2008) explained how each stance can have a role in the theory-

building process from a software engineering perspective. They mentioned that “To the 

positivist, science is the process of verifying theories by testing hypotheses derived 

from them. To the constructivist, science is the process of seeking local theories that 

emerge from (and explain) the data. To the critical theorist, theories are assertions of 

knowledge (and therefore power), to be critiqued in terms of how they shape that 

power. To the pragmatist, theories are the products of a consensual process among a 

community of researchers, to be judged for their practical utility.”  

This research will employ a mix of positivist and interpretivist approaches following a 

well-established framework (A. S. Lee, 1991). His integrated framework consists of 

three levels of understanding, Subjective, Interpretive, and Positivist (see Figure 3.1). 

The first level understanding, i.e. Subjective understanding, is gained by understanding 

the coordination process. This understanding consists of daily activities and 

interactions that are purposefully performed to collaborate in a DSD process. While 

collecting data, the researcher asked questions to get individual participant’s 

perspectives about their day-to-day needs for collaboration. Their perspectives are 

accumulated to form a common sense of coordination needs that give rise to 

collaborative behaviours in the form of coordination. 
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Figure 3.1: Positivist and Interpretivist approach taken in this research (A. S. Lee, 1991) 

The second level understanding, i.e. Interpretive understanding, are devised from the 

researcher’s interpretation of the first level of understanding. The researcher postulates 

a common-sense understanding of the dependencies, coordination mechanisms and 

coordination effectiveness. While reporting their interpretations, the researcher uses 

thick descriptions, pictorial presentations, and quotations from the interview transcripts 

to make it robust and meaningful.  

Finally, the third level understanding, i.e. Positivist understanding, is created in the form 

of constructs, their definitions, and relationships between them. This understanding 

belongs to the researcher that is used to develop theories, and formal assumptions to 

explain reality. In this research, the key constructs relate to dependencies, coordination 

mechanisms and effectiveness of coordination that help to develop a theory of 

coordination in the DASD context. The theoretical assumptions also consider relative 

factors that might influence the key constructs.  

3.1.1.3 How our study topic influence on research method 

Yin (2018), One of the pioneers in case study research, suggested that the selection of 

a case study as the research method should depend on three primary factors. First, the 

primary research question uses ‘how’ or ‘why’ keywords that focus on the phenomena 

of interest. Second, the investigation will be performed in an environment under which 

the researcher has minimal or no control over the events. Finally, the intention of the 

research should focus on understanding a phenomenon that prevails in a real-life 

context. 
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This very research attempts to explore and understand the way software developers 

works are coordinated among distributed segments while using Agile development 

methodology. This understanding will be achieved by investigating the coordination 

needs that emerge during the software development process and how those needs are 

fulfilled using different mechanisms. The mechanisms involve people, their efforts and 

behaviours towards development of the software in a synchronised way. The role of the 

researcher would be collecting all these data without intervening the actions and 

behaviours of the participants. The data collection would focus on capturing all the 

coordination activities from the real environment. Further analysis of these real-world 

data would help us to develop a clear understanding about coordination in that context. 

Therefore, the case study research method is a suitable choice for this research. 

Qualitative research methods are considered to be most suitable to study topics 

involving human subjects. Seaman (Seaman, 1999) argues that “The principal 

advantage of using qualitative methods is that they force the researcher to delve into 

the complexity of the problem rather than abstract it away”. It is well established that 

coordination is a complex phenomenon in the DSD context. An extensive investigation 

of the scenario will help us to better understand the phenomena. While performing 

such investigation, exploratory questions are suitable as they can open new knowledge 

arenas which is otherwise difficult (Easterbrook et al., 2008). Easterbrook et al. 

suggested that a research method that offers rich data should be selected for 

answering exploratory questions. The data consider as rich are not limited to numbers, 

such as words and pictures. Qualitative data offers rich as they are collected from 

study participants’ settings. This setting allows the researcher to understand the 

participant’s decisions and actions, at the same time, understand the context which has 

influenced the actions performed (Myers, 1997). The key research questions and the 

context of this research requires an empirical method that supports rich data collection 

and qualitative data analysis techniques. An Exploratory Case study research design 
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fulfils all these requirements which makes it a suitable choice for conducting this 

research. 

Another objective of this study is to build theories based on our analysis findings. Our 

developed theory would help us to explain the coordination activities in a DASD context 

and make predictions to improve coordination performance. Exploratory case study 

method is better suited to induct theories by investigating some phenomena in real 

context (Eisenhardt, 1989). From all the above discussion, it is clear that an exploratory 

case study research closely aligns with the research questions and study objectives, 

which is rational for our research method selection. In section 3.2.3, we have discussed 

the characteristics of the exploratory case study method along with the advantages and 

disadvantages that need to be considered. 

3.1.2 Discussion about case study research 

3.1.2.1 Definition of case study research 

Case study research has been the most common research method in social science 

research. However, this method has received great attention in information systems 

research, especially in software engineering. The fundamental thinking behind adopting 

case studies in this field is to increase the understanding about different phenomena 

which will further improve the process and outcomes (Runeson et al., 2012). To identify 

the applicability of case study approach, the researcher needs to understand the 

definition and relevant criteria of this method which will guide further research activities.  

Yin (2018) instituted the twofold definition of case study research covering the scope 

and feature. He defines case study as “an empirical method that investigates a 

contemporary phenomenon (the “case”) in depth and within its real-world context. 

Especially, when the boundaries between phenomenon and context may not be clearly 

evident”. The feature specific definition states, “A case study copes with technically 

distinctive situation in which there will be many more variables of interest than data 

points and as one result benefits from the prior development of theoretical propositions 

to guide design, data collection, and analysis, and as another result relies on multiple 



Page 103 

sources of evidence, with data needing to converge in a triangulating fashion” (Yin, 

2018). 

Runeson et al. (2012) have translated popular case study definitions posed in other 

fields and defined case study research for software engineering as, “Case study in 

software engineering is an empirical enquiry that draws on multiple sources of 

evidence to investigate one instance (or a small number of instances) of a 

contemporary software engineering phenomenon within its real-life context, especially 

when the boundary between phenomenon and context cannot be clearly specified”. 

From the above definitions of case study research, it is clear that five essential aspects 

are there to distinguish case study from other similar research methods. We call them 

similar methods since each method might comply with some of the aspects. The five 

aspects are: empirical investigation, contemporary phenomenon, rea-life context, 

multiple data sources and unclear boundary between phenomenon and context 

(Runeson et al., 2012).  

Besides case study, there are other empirical methods available that depends on rich 

data sources to study a contemporary phenomenon. Those are: Ethnography, Action 

research and Grounded theory (Easterbrook et al., 2008; Myers, 1997). Each method 

has its own protocol and preference of data collection or data analysis techniques. And 

each one comes with different kinds of benefits and drawbacks. It is recommended to 

know the distinctions between case study and other methods to get most out of this 

method (Yin, 2018). 

There are no definite criteria to differentiate each of them which makes it difficult for the 

researcher to select the appropriate one. However, it is better to present how these 

methods are not the best fit for this research. In the following, we will discuss each of 

them in brief with the definition, key features and how they differ from the research 

objective in terms the context, research question, researcher’s involvement. 
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3.1.2.2 Discussion about other empirical methods  

Ethnography 

Ethnography is a research method that focuses on studying any community and their 

attitude towards a particular phenomenon. In a software engineering domain, the 

community may represent the technical communities who are involved in the 

development process. An ethnographer attempts to investigate their collaborative 

actions and strategies while participating in collective work. This method can be useful 

in studying Computer Supported Collaborative Work (CSCW) domain and develop 

collaboration tools. However, this method lack attention in current empirical software 

engineering research (Sharp et al., 2016).  

Ethnography notably differs from case study in the sense that it avoids using any pre-

existing theories and tries to capture the perceptions of the community members 

towards their social and cultural setting (Easterbrook et al., 2008). Whereas in a case 

study, researcher depends on theoretical understanding which guides their course of 

actions. For instance, explanatory case studies are well-known method to confirm 

existing theories. Ethnography concentrates on the community; their social and cultural 

settings and the researcher observes the community to develop a rich and detailed 

understanding of their culture. Since, the aim of the research does not focus on the 

cultural or social understanding, ethnography is not a suitable method for this study. 

Action Research 

Action research is a popular research method where the research attempts to influence 

or change some aspects of the phenomena of interest to solve any contemporary 

problem (Robson, 2002). The key feature of this method facilitates the researcher to 

actively participate in the study and purposefully intervene the undergoing actions to 

improve the situation. Action research is gaining popularity in IS and SE research since 

it is more practitioner-oriented approach to study and solve any problem.  

From the philosophical perspective, action research closely resembles Critical Theory. 

An action researcher actively engages in the study with a Problem Owner to identify 
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the problem and iteratively attempt to solve the definite problem. The researcher 

captures the experiences throughout the process and investigates them to generate a 

critical understanding of the situation which can be supportive to other practitioners.  

Action research is similar to a case study as both attempt to solve a contemporary 

phenomenon. However, they strongly contradict each other in terms of the researcher’s 

involvement in the study. While conducting a case study, the researcher participates in 

the case to observe and collect data rather than being involved in the study that is done 

in action research. The researcher of this study will observe and collect data about the 

coordination needs and their management for the case setting without interfering with 

the existing process. This objective fits well with the case study method which makes it 

suitable for this study.    

Grounded theory 

As the name suggests, the Grounded Theory (GT) is an empirical research method 

that intends to develop a theory that is grounded on the data. The GT research follows 

a rigorous process where data goes through continuous comparison until a set of 

conceptual hypotheses is generated which further produce a theory about the 

investigating phenomena (Glaser & Strauss, 1967). In GT, the research needs to 

gather data and then systematically generate concepts and categories from the data 

which indicates a pattern. These patterns are relevant and grounded on data which 

further helps the researcher to generate hypothesis.  

Glaser & Strauss (Glaser & Strauss, 1967) restrictred the researchers to use their pre-

exisitng values and knowledge to interpret the data, rather encouraged them to use 

them as another source of data which will support the categorisation and theory 

generation process. Because of this restrictions, GT is not sutiable for this reseach. 

This research uses the researcher’s pre-existing knowledge and experience to develop 

a preliminary conceptual model which guides the data collection and data analysis 

process. The preliminary model would be reviewed and updated though the analysis to 

develop a theory of coordination in DASD context. Case study method is the best well-
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known alternative for generating and testing theories which is adopted in this research 

(Eisenhardt, 1989). 

3.1.2.3 Case Study Research 

Case study research methods can be of four types depending on the purpose or motive 

of the research aim. These are Exploratory, Descriptive, Explanatory and Improving 

(Robson, 2002). As per Robson’s classification:  

Exploratory or Evaluatory case study seeks new insights while investigating what is 

happening and generates new ideas in the form of hypotheses and build theories. 

Descriptive case study investigates the ongoing events to illustrate a particular situation 

or phenomenon. 

Explanatory case study seeks an explanation for the current status or situation of a 

phenomenon. 

Improving case study attempts to improve aspect(s) of a certain phenomenon. 

Exploratory case studies are the most popular in software engineering research. The 

primary reason for this popularity is the belief that case study is more suitable for 

exploratory purpose. But there are evidence that other types of case studies are also 

helpful and been used in this field (Runeson et al., 2012). The application of different 

types of case studies profoundly depends on the philosophical perspective. 

Explanatory case study closely relates to the Positivist approach where the researcher 

seeks evidence to conform or generalise formal proposition and test existing theories. 

On the contrary, Constructivist or Interpretivist approach are similar to exploratory or 

descriptive type as they rely on researcher’s interpretation of the study phenomena and 

develop new theories. Since this study aims to develop a conceptualisation of 

coordination, an Exploratory case study method is adopted. 
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Single vs Multiple case study 

Single and Multiple-case studies are two primary types of case study research design. 

Yin (2018) has proposed a total of four variations of case study design as shown in 

Figure 3.2, those are:  

• Type 1: single-case (holistic) design,  

• Type 2: single-case (embedded) design,  

• Type 3: multiple-case (holistic) design, and  

• Type 4: multiple-case (embedded) design.  

It is recommended to select one of the four variations that is more suitable given the 

nature of the research. Likewise, the data collection process relies on the decision of 

the design. In a single case, the researcher wants to study one single entity (e.g. a 

person from a specific group) or a single group (e.g. a group of people) or a single 

event or incidents (Yin, 2018). A multiple-case study design consists of two or more 

cases that are being studied under a single case study research. One of the substantial 

motivation behind a multiple-case study design is that the researcher wants to get a 

broader view of the phenomena of interest (Easterbrook et al., 2008). This broader 

view can provide a generalised understanding by performing cross-case comparison of 

the cases. The choice of the design entirely depends upon the context and the type of 

case that are being studied. For example, if a single case can provide sufficient data 

that can be investigated and draw empirical outcomes. On the other hands, multiple-

case study can give a similar (literal replication) or a contrasting (theoretical replication) 

outcome that can better validate the research contributions (Yin, 2018). 

As mentioned earlier, this study will follow a multiple-case study design. In this 

research, The phenomena that is under focus of this research is coordination and the 

context is DASD. The understanding this study wants to explore is that how distributed 

teams achieve coordination in the DASD context. Additionally, we are interested in 

exploring how agile methods can support effective coordination in this context. One of 

the ways to achieve this broader understanding is doing within-case and across-case 
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data analysis, which is possible in multiple-case design (Yin, 2018). Another benefit of 

using multiple-case study design is that it gives the opportunity to replicate findings 

across case which can lead to discover new and contrasting outcomes (Baxter & Jack, 

2008). This opportunity is not possible if the researcher selects a single-case study 

design. In a multiple-case holistic case study, each case represents different contextual 

settings, and hence, researcher will be able to explore the impacts of the contextual 

factors. Such kind of research outcomes are considered to be robust and reliable 

(Baxter & Jack, 2008).  

While selecting a multiple-case study design, the researcher needs to consider its 

relative strengths and limitations. Multiple-case study can deduce compelling evidence 

which can provide reliable outcomes. However, this type of study is considered to be 

expensive as it requires extensive time and resource to conduct. Moreover, case 

selection is a crucial step in multiple-case study. Cases need to be selected based on 

the intended replication logic of the outcomes, either similar results (i.e. literal 

replication) or contrasting results but for reasonable cause (i.e. theoretical replication). 

Yin (2018) suggested that for achieving literal replication, two or three similar types of 

cases need to be selected. In contrast, for theoretical replication, more numbers of 

cases should be selected that are believed to provide extreme outcomes. This 

research intends to achieve a literal replication of outcomes; therefore, two cases are 

selected that are believed to produce similar outcomes. Moreover, it is a as realistic 

number of cases to study within the limited timeframe of this doctoral study. But we will 

be open for any contrasting outcomes that can guide future research directions. 
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Figure 3.2: Types of case study design (Source: COSMOS corporation) 

3.1.2.4 Strenghts and Limitation of case study 

It is also important to acknowledge the strengths and limitations of the selected 

method. It is beneficial to know the strengths and avail them while doing the study. On 

the other hands, it is also neccesary to acknowedge the limitations and take measures 

to mitigate them.  

Like any other, case studies have openly acknowledged strenghts and weaknesses. 

Case study research can give deeper insight about the occurance of certain 

phenomena and its related contextual factors. Case study research desing allows 

flexibility in selecting the case whether single or multiple. Case studies are applicable 

for both generating and testing theories in the form of logical assumptions (aka. 

hypothesis) or conceptual frameworks. In general, theories generated from case 

studies are novel, testable and empirically valid (Eisenhardt, 1989). 

Although case study method has the above strengths, there are some major limitations 

of this method. Case study research design supports high degree of realism which 

comes at the cost of level of control. Case study allows very minimal level of control on 

the study subjects so that the study can be conducted in real-life settings which may 
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result in major deviations in the expected results. Another drawback of case study is 

the interpretation and researcher bias (Easterbrook et al., 2008). While conducting a 

case study, there is a possibility that the reseracher may form bias for the subject, or in 

the data collection, or interpreting the data. Since the reseacher is also a human being, 

they can be subjective in several occasions leading to researcher’s bias which makes 

the design vulnerable. Moreover, due to the design flexibility, it is difficult for the 

reseracher to achieve high level of rigor in case study. Since there is no strict 

guidelines how and from whom the data will be collected and analysed, it is more open 

for the reseacher to choose from a list of options which may raise validity threats. It is 

also challenging to report the finding to make it plausible for the readers. The research, 

being a human, tends to prejudice about what is important and may ignore other 

important aspects. On the other hand, the interpretations and explanations are 

subjective to the researcher’s personal knowledge which may not be easy for the 

readers to understand.  

Each method has some advantages and disadvantages which the researcher needs to 

acknowledge. Since the selection of the research method depends on several factors 

and the same study can be conducted using multiple methods (Easterbrook et al., 

2008), the researcher should take the responsibility to choose the most suitable one. 

As per Yin (2018), the criteria to validate the choice depends on the philosophical 

perspective taken by the researcher. We have already presented our philosophical 

stance and the case study research is best fit for this exploratory study as discussed. 

To compensate the issues due the design limitations, we will follow the established 

case study protocol (Brereton et al., 2008; Maimbo & Pervan, 2005) to minimise validity 

threats. We will also use our preliminary conceptual framework to analyse and interpret 

the findings as suggested by Yin (2018). 

3.1.3 Case Study protocol 

The research activities follow a case study protocol that has been crafted from the well-

established protocol templates in this field (Brereton et al., 2008; Eisenhardt, 1989; 
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Maimbo & Pervan, 2005). Following an established protocol helps researchers to 

achieve repeatability that improves the validity of the study. A Case study protocol 

defines a set of process that need to be executed in a structured way to complete the 

research. The protocol will guide the researcher to know what to do, when and, 

especially, what not to do whenever applicable. Therefore, it provides a greater validity 

and, if intended, generalisability of the research outcomes. 

The construction of the case study protocol is influenced by the philosophical stance 

taken by the researcher. However, most of the approaches are quite similar to the high-

level design. Eisenhardt (1989), taking a positivist approach to developing theories, 

suggests eight key steps for case study research as shown in Figure 3.3: 

1. Getting started- knowing the problem, define research questions 

2. Selecting cases- identify the target population and use theoretical aspects in 

case selection 

3. Crafting instruments and protocols- define data collection methods, prepare the 

research instruments to contact participants and collect data 

4. Entering the field- apply multiple data collection methods from multiple sources 

5. Analysing the data- follow the data analysis method(s), perform within-case and 

cross-case analysis 

6. Shaping hypothesis- identify constructs and existing relationships evident in the 

data and attempt to explain them 

7. Enfolding literature- search for similar literatures either to support or contrasting 

the findings 

8. Reaching closure- attempt to reach theoretical saturation to confirm that no 

more interesting findings are achievable 
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Figure 3.3: Eisenhardt’s Case Study Research Framework (Eisenhardt, 1989) 

Based on her work, Maimbo & Pervan (2005) developed a unique case study protocol 

suitable for IS research presented in Table 3.1. This case study protocol outlines the 

procedures and rules that will administer the research activities. They have adapted 

Eisenhardt’s framework and divided the research activities into three phases: Model 

development, Model testing, and Model refinement. The model development phase 

consists of literature review, research model development, research instrument and 

protocol crafting, and case selection activities. The next phase focus on implementing 

the model in the form of data collection and data analysis. Data collection and analysis 

activities can be performed sequentially or in parallel to each other. While collecting 

data, the authors recommended that the primary focus should be on Triangulating both 

the data and the perspectives. They have outlined a structured guideline for data 

analysis using an exemplar that uses priori coding of themes and patterns. This priori 

coding influences the data collection process and is further used in analysing collected 

data. However, the priori coding technique is not necessary for data analysis, for 

instance, this research will use the Thematic content analysis technique where the 

codes are created during the analysis process and further grouped together to develop 

themes and patterns. In addition, this data analysis process includes ‘Within-case’ and 

‘Cross-case’ analysis methods to facilitate overarching research findings. 



Page 113 

Table 3.1: Case Study Protocol developed by (Maimbo & Pervan, 2005) 

Section Contents Purpose 
Preamble • Confidentiality and data storage 

• Publication 
• Documentation 
• Layout of protocol 

Contains information about the 
purpose of the protocol, guidelines 
for data and document storage, 
publication 

General • Overview of research project 
• The case research method 

Provides a brief overview of the 
research project and the case 
research method. 

Procedures • Initial approach to organisations  
o Selection of cases 
o Number of cases 
o Establishing contact 

• Scheduling of field visits 
• Length of sessions 
• Equipment and stationery 

Detailed description of the 
procedures for conducting each 
case.  
These procedures should be 
utilised to ensure uniformity in the 
data 
collection process 
and consequently, facilitate both 
within case and cross case 
analyses 

Research 
Instrument(s) 

• Research instrument(s) that may either 
be:  
a) Qualitative- interview guides utilising 

either open-ended or close-ended 
questions 

b) Quantitative – survey questionnaire 
applied in face-to-face interviews 

It is recommended that these 
research instruments be highly 
structured to facilitate the data 
collection 
process and uniformity in the 
collection of said data. 

Data analysis 
guidelines 

• Overview of data analysis processes 
• Details regarding 

a) How convergence of data from 
multiple sources will be achieved 

b) How triangulation of perspectives 
from multiple participants will be 
achieved 

• Description of ‘Within case’ analysis 
process 
a) Descriptive Data 
b) Explanatory Data 
c) Individual Case report 

• Description of ‘Cross case’ analysis 
process 

• Description of ‘Cross Sectional’ analysis 
process (where necessary) 

• Data schema 
a) Summary of primary data types, 

sources and purpose 
b) Summary of secondary data types, 

sources and purpose 
• Description of data displays that will be 

used in analysis 
• A priori list of codes that will be used 

during qualitative analysis 

Provide detailed guidelines for 
data analysis. 

Appendix • Participation request letter Template letter sent to potential 
participants inviting them to 
participate. 
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Figure 3.4: The activities flow of this research 

In this research, a case study protocol was crafted by adapting the case study protocol 

templates from (Brereton et al., 2008; Eisenhardt, 1989; Maimbo & Pervan, 2005; Yin, 

2018). In this protocol, we have included five phases- model development, designing 

the study, model testing, model refinement, and finally, validation and closing. 

At the same time, we have included detailed activities similar to those (Stake, 1995) 

which involve the researcher and one of the supervisors separately performing the 

coding and analysis to support the interpretive approach taken in this research. The 

case study protocol is presented in Table 3.2, outlining the activities performed under 

each phase. 
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Table 3.2: The Case Study Protocol used in this research 

 Phase Stage Activities 

1 Model Development Getting started • Literature Survey & Systematic 

Mapping study 

• Problem Statement and Research 

Question formation 

• Research methodology selection 

Conceptual Model 

development 
• Analyse secondary data 

• Develop initial conceptual framework 

2 Designing the study Case Selection • Define Unit of Analysis 

• Selection of cases 

• Number of cases 

• Establishing contact 

Crafting Case Study 

Protocols 
• Data collection guideline 

• Data analysis guideline 

• Plan validity 

• Limitations 

• Reporting 

• Schedule 

3 Model Testing Data Collection • Identify the data to be collected 

• Identify the data collection plan 

• Ensure Triangulation 

Data Analysis • Transcribing the transcripts 

• Thematic content analysis 

• Within-case analysis 

• Cross-case analysis 

4 Model Refinement Shaping hypothesis • Iterative tabulation of evidence for 

each construct 

• Replication logic across cases 

• Search for the cause, i.e. the ‘why’ 

behind relationships 

Enfolding the literature • Comparison with conflicting literature 

• Comparison with similar literature 

5 Validation and Closing Reaching Closure • Refining and finalising the conceptual 

model 

• Validate the findings 

• Develop the Conceptual model 
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The activities outlined in this protocol are sequentially executed to maintain the rigor of 

this case study research. However, phase 3 (model testing) and phase 4 (model 

refinement) activities required to be iterated a number of times for each case. The flow 

of the research activities indicating their aims to be achieved during that phase are 

illustrated in Figure 3.4. The model development process has been thoroughly 

discussed in previous chapters. The rest of the research activities are discussed in the 

following sections. 

3.2 Designing the study 

In this phase, the unit of analysis for this case study is finalised, which is followed by 

the development of the case section criteria and the case selection process as 

discussed in the following subsections. 

3.2.1 Unit of Analysis 

Defining a unit of analysis is one of the five components of case study research design 

(Yin, 2018). A ‘unit of analysis’ of a case study defines a clear boundary within the 

case. In more general terms, the unit of analysis of the study helps to specify the unit 

(e.g. who or what) that will be analysed. For example, the unit might be a particular 

aspect of the case or a group of aspects or the whole case. Therefore, it is important to 

define the ‘case’ before determining the unit of analysis of any case study. Miles and 

Huberman (1994a) defined the case as, “a phenomenon of some sort occurring in a 

bounded context.” The case is, “in effect, your unit of analysis” (p. 25). Once the case 

is identified, then a unit of analysis needs to be defined. The unit of analysis can be 

defined as an individual, or group of individuals, a specific project, process, activity, a 

particular event, or a series of events, an organisation, a nation, or a geographical 

location (Miles & Huberman, 1994a). The unit of analysis helps to design the study and 

determine what data to be collected and analysed under the study. 

For this research, the case would be the Distributed Agile Software Development 

process. Under this process, we could investigate the whole software development 

process, or a specific aspect of the software development process such as the 
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requirement engineering process, ASD process, and coordination process. To define 

the unit of analysis from the above options, we have used Yin’s (2002) guideline that 

states, “the definition of the unit of analysis (and therefore of the case) are related to 

the way the initial research questions have been defined.” (p. 22). The key research 

question of this study focuses on the coordination process to manage the 

dependencies arising in the DASD process. therefore, the ‘coordination process’ is the 

suitable unit of analysis for this research.  

While investigating collective work in IS development, Korpela et al. (2002) 

recommended that the unit of analysis should be the ‘activity’, rather than any 

constituent part of it. They have adopted the definition of the work ‘activity’ from 

(Engeström, 1987) which defines development ‘activity’ as a systematic entity that 

consists of a number of elements which must fit together to achieve any shared goal. In 

this research, the definition relates to coordination process that can be defined as an 

activity that constitutes a number of actions as elements that must fit together to 

achieve an overall outcome, i.e. well-coordinated state. Due to the similarities in 

definition, this research has selected ‘coordination process’ as the unit of analysis 

following the recommendation of Korpela et al. (2002).  

3.2.2 Case Selection 

The case selection process is crucial while conducting a case study research. while 

conducting a multiple-case study, the primary motive is to explore the targeted 

phenomena through replication strategy. This replication logic is considered to be the 

strength of multiple-case study design. While designing a multiple-case study, Yin 

(2002) suggested that the research should carefully select cases that will either provide 

similar results (literal replication) or contrasting results for known reasons (theoretical 

replication). The purpose of following such replication strategy is that it will help the 

research to achieve expected outcomes. Therefore, it depends on the researcher 

which type of case will be selected based on their choice of replication. For instance, if 

the researcher wants to achieve both kinds of replication, they need to select some 
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cases that will aim for literal replication and some for theoretical replication. Another 

researcher might aim for single type of replication, and hence, will select cases that will 

support desired replication.  

In this research, the case selection process followed Yin’s guidelines to choose case 

that are contextually similar that could support the ‘Literal replication’ of the cases. The 

reason for targeting literal replication is that it will enable us to support our preliminary 

theory. Eisenhardt (1989) regarded that by achieving literal replication, the researcher 

will get substantial support for the preliminary theory that describes the phenomena. 

The following criteria are used to select the cases to support the literal replication: 

• Each case should have distributed segments involved in their software 

development process. 

• The DSD process should use any of the established ASD methods, e.g. Scrum 

or XP. 

• The adoption of the agile method should be mature enough. Majority of the 

team members should have a minimum of 1 year of experience. 

• Majority of the team members are working together for a reasonable time so 

that they know how the DSD works. 

• The DSD process had a clear business value, e.g. product, that is developed 

for external clients or for other parts of the organisation. 

• A minimum of five and maximum ten members involved in the software 

development team, so that we can collect sufficient data to ensure data 

triangulation. 

• The Software development process should not be involved in developing highly 

complex products that might represent extreme or critical case which will not be 

suitable for literal replication. 

There is no established rule to determine the suitable number of cases for a multiple-

case research. While achieving replication, the single most important criteria is that the 

number of cases should be sufficient enough to achieve the replication (Yin, 2018). He 

suggested that it is possible to attain literal replication by conducting two or three case. 

But the condition is that the theoretical framework should be straightforward enough to 

support the replication logics. The term straightforward is further clarified by the 

statement that “the framework needs to state the conditions under which a particular 
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phenomenon is likely to be found” (pg. 46). The preliminary conceptual model 

established in this study is considered to be straightforward since it is grounded upon 

well-established definitions and taxonomies (Espinosa, Lerch, et al., 2002; D. E. 

Strode, 2016) to identify the dependencies and their mechanisms to achieve ‘State of 

coordination’ (Espinosa, Lerch, et al., 2002) that are applicable in both distributed and 

ASD context. Moreover, there is a strict time constraint in the completion of this 

research work which also influenced the selection of the case numbers. Considering all 

these factors, this research has selected two literal replicating cases for this case study 

research. 

The selection of a potential case in case study research is crucial as it can illuminate 

the research questions by providing sufficient access to the appropriate data for this 

research (Yin, 2002). In this research, the researcher used his personal as well as his 

supervisor’s professional network to identify potential cases. The researcher advertised 

on the Agile Auckland LinkedIn page (https://www.linkedin.com/groups/56202/) and 

also presented in the Agile Auckland meetup (https://www.meetup.com/Agile-

Auckland/) group to locate candidate cases. There were several candidate cases 

identified that met the section criteria, but the final selection of the cases was made 

upon several criteria, such as willingness to participate in this research, agreement to 

provide access to required data, meet the required distributed structure, uses agile in 

full or partially for supporting coordination process. Finally, two cases were selected 

that met all the selection criteria. Details of each case are discussed while reporting the 

case findings in the next chapters (see Chapters 4 & 5).  

3.3 Data Collection Approach 

Case study research design offers different data collection strategies from different 

kinds of sources. While doing a case study, it is important to choose the data sources 

that can provide sufficient coverage that supports triangulation. 

https://www.linkedin.com/groups/56202/
https://www.meetup.com/Agile-Auckland/
https://www.meetup.com/Agile-Auckland/
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3.3.1 Triangulation 

Achieving Triangulation is an important aspect of case study research since it 

enhances the reliability and construct validity of the research findings. Construct 

Validity is one of the four different kinds of validity as mentioned in Yin’s (2018) case 

study guideline (discussed in detail at the end of this chapter). As mentioned in Yin’s 

book, there are four basic types of triangulation: data triangulation (i.e. multiple data 

sources), investigator triangulation (i.e. more than one evaluator), theory triangulation 

(i.e. different perspectives of the same data) and methodological triangulation (i.e. 

multiple methods). Due to the time and single researcher constraint, only data 

triangulation has been used in this study.  

Data triangulation refers to collecting data from multiple sources, for example, 

participants’ interviews, observation of actions or events, document analysis, and 

physical artifact collection. This study achieved data triangulation in two ways, by 

collecting data on the same topic from different sources of the same type and by 

collecting data from different types of the data source. For example, for collecting the 

same data from multiple sources the researcher asked the same question to different 

persons performing different roles in the project. And for the second approach, data 

were collected by using multiple data types, such as participant interviews, observing 

project activities, analyse different types of documents, such as project documents, 

system documents, and photographs. We have applied semi-structured interviews as 

the primary data collection method supported by observations and physical artifacts 

collections. 

3.3.2 Participant Selection 

The initial contact was made with one of the representatives of the case organisation 

and a ‘kick-off’ meeting is conducted to demonstrate the purpose of this research and 

the probable benefits of the organisation. After the meeting, a consent form has been 

sent via email to attain consent for contacting candidate participants. The researcher 

has sent email invitations including the participants’ information sheets (attached in 
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Appendix B) to the candidate participants. An appropriate candidate would be a 

member of a software development team that is involved in different phases of the 

DSD process using agile methodologies, such as scrum master, product owner, 

developers, testers, and QA. Furthermore, this research has used several other criteria 

for participant selection from the selected cases, such as participants should have a 

good amount of experience (e.g. one or more years of experience) as a part of 

distributed agile project so that they can provide meaningful information on various 

coordination related aspects of the project, they should be available and accepted the 

invitation by signing the consent form.  

Finally, the participants are recruited based on the above eligibility criteria for the 

current research. For example, team members from both local (NZ) and global 

locations will be chosen based on their experience working in DASD. A variety of 

participants from different roles have been selected to maintain data triangulation. All 

the participants signed a participant consent form and sent it to the researcher prior to 

the interview. It is mentionable that the researcher has received ethics approval from 

the Auckland University of Technology Ethics Committee (AUTEC) prior to 

commencement of the research (see Appendix A) 

3.3.3 Interview and protocols 

Interviewing the participants is considered to be a powerful method of data collection in 

case study research. Interviews are conducted with carefully selected participants from 

various roles and situations related to the case study topic. Asking specific questions 

focusing on the key aspects of the phenomena of interest can provide valuable insights 

reflecting participant’s relativist perspectives. It can also provide explanations (e.g. 

hows and whys) about the key events (Yin, 2018). Interviews can be conducted in 

three different ways: structured, semi-structured and unstructured. In a structured 

interview, the researcher will prepare a set of pre-formulated questions. Both the 

interviewer and interviewee have to follow the regulations of the interview, such as the 

order of the question, and the time limit for each question. Structured interviews are 
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helpful to describe and explain the relations between the constructs of the research 

(Runeson & Höst, 2009). Semi-structured interviews are more relaxed than the earlier 

format. In this type of interview, the researcher also prepares a set of pre-formulated 

questions mixing both open and close-ended questions, but there is no necessity to 

adhere to those questions. The researcher can include any new questions or improvise 

the existing ones following the conversation. The purpose of the pre-formulated 

questions helps the researcher to guide the interview process and stay focused on the 

topic. There is no restriction in terms of ordering and timing allotted for each question. 

However, there should be an approximate time limit for each interview to provide 

control. Semi-structured interviews are helpful when the researcher wants to explore 

any phenomena and explain the way it is present in the current context (Runeson & 

Höst, 2009). In an unstructured interview, there are no or very few pre-formulated 

questions prepared beforehand. The researcher has full freedom to ask any sort of 

open-ended questions related to the topic. In most cases, there is no time limit or other 

restrictions imposed to provide full flexibility to the researcher. This type of interview is 

the mostly exploratory purpose (Runeson & Höst, 2009), and the interview sessions 

are not typically time bounded. 

Considering the benefits and limitations, we have chosen semi-structured interviews to 

support both the exploratory and explanatory purposes of the study. The interviews are 

conducted involving various stakeholders of the project. The variety of the stakeholders 

involved in the DASD process can represent diverse views that improve reliability. Like 

any other data collection method, interviews have weaknesses too. One of the major 

weaknesses is the Bias in articulating interview questions and response bias. Using a 

semi-structured interview method, helps to avoid the bias issues. Moreover, we have 

developed a set of questionnaires focused on the key research questions and 

submitted to AUTEC to get verified. Another problem of interview is the Reflexivity, e.g. 

forcing the interviewee to answer the way the interviewer wants. Though, Reflexivity is 

considered to be the important feature of the interview, it might be creating problems 
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while exploring key insights. Following a semi-structured interview protocol, the 

researcher kept the discussion open for new insights and perspectives to emerge. At 

the same time, tried to keep each interview session within a time limit (45-60 mins) to 

reduce the opportunities for the researcher’s bias toward the participants or 

presumptions that are likely to pose a reflexive threat. 

The interview protocols of this research are developed as part of the ethics approval 

requirement following the sample provided in Strode’s doctoral thesis (D. Strode, 

2012). In her thesis, she has investigated dependencies, and coordination mechanisms 

in a similar context, i.e. ASD, therefore, it is reasonable to use that as a guideline. We 

have designed two different versions of the interview protocol, one for the managerial 

roles (e.g. Product or project managers, Product Owners) and another for the team-

level roles (e.g. developers, testers, scrum masters, analysts, team leads). Each 

version of the protocol is submitted and verified by AUTEC before conducting the 

interviews (attached in Appendix B).  

To prepare for data collection and, at the same time, verify the protocol, the researcher 

started with an informal meeting with the Product Manager from the first case. The 

researcher and one of the supervisors conducted the interview following the developed 

interview protocol. Based on the initial meeting, some changes are made in the 

protocol before continuing with actual participants. The pilot interview data are only 

considered for refinement of the data collection plans and protocol refinement. That is 

why the interview was not recorded and not used in the later analysis process. 

Besides, this pilot interview data has given a preliminary insight into the organisation’s 

software development process, its products, its purpose, and an overview of the 

coordination process. This elementary data confirmed the contemporary issues in 

coordination present in their DASD process. This insight confirmed the efficiency of the 

protocol to collect necessary data for detailed analysis. 



Page 124 

3.3.4 Direct Observation 

Direct observation is considered to be another data collection method while 

investigating concurrent events. In case study research, the researcher aims at 

understanding a phenomenon in real-world context. Direct observation, without 

interrupting the events occurrences, can provide such opportunity by closely observing 

the actions, its participants, and the environmental settings. Such data can provide 

evidence and explanation of ‘how’ or ‘why’ the events are occurring that directly relates 

to the investigating phenomena. Direct observation data collection activities can be 

performed formally or casually (Yin, 2018). While doing formally, the researcher might 

need to develop an observation instrument that will indicate what types of events or 

actions will be observed, how it will be conducted and frequencies or schedules if 

applicable. On the contrary, casual observations are kinds of data collected about the 

environments or surroundings while taking interviews or field visits. 

This research used direct observation as the second data collection method. Since, 

observational data can provide additional information about the study topic (Yin, 2018), 

it will be useful to support interview data. We have developed an observation protocol 

and received approval from the AUTEC as part of the case study protocol. We have 

used both formal and casual observations in both cases. While doing the formal 

observation, we have asked for consent to attend some of the group sessions. Our 

target was to observe the group meetings that include distributed parts to see what 

types of dependencies are coordinated, how they coordinate, what tools they use and 

gather experience as a participant in those sessions. To enhance the reliability, this 

research followed Yin’s suggestion and two people (the researcher and one supervisor) 

participated in most of the observation sessions. Each observer has taken individual 

notes that have been used to verify the collected data. At the same time, details of all 

the physical and electronic materials used during each observed session are also 

collected and further analysed to identify their contributions to the coordination process. 

However, no actual physical documents are being collected or analysed in this study. 
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Both the investigators have observed a number of coordination sessions for both cases 

and the list of the sessions observed is presented in Table 3.3. These meetings 

provided a good amount of evidence related to coordination involving distributed 

members for each case. 

3.3.5 Photographs 

Photographs are the final source of data used in this research. Photographs are used 

to collect evidence of physical artefacts such as Squad boards, Dependency boards, 

Definition of done, Definition of ready, retro wallboard, scrum-of-scrums board. These 

are publicly visible artefacts that are obtained while taking interviews and observational 

sessions. Due to access concerns, almost all the photographs are taken from the 

second case. We have taken permission from the project manager before capturing the 

photographs. In this research, photographs are used as evidence of the physical 

artefacts used in each case, for example, Dependency board is an important artefact 

used in the second case to radiate the dependencies between teams. 

3.3.6 Website 

The researcher collected additional information about the case organisations and their 

products through their official website. Both the organisations have their own public-

facing website, that provides information about their business goals, functions, 

structure and size. For the first case, the researcher gathered important information 

about their product, its features and a list of clients through their website. This 

information is used while discussing the case organisations and their detailed 

backgrounds. 

3.3.7 Data collection process 

This research followed Yin’s four data collection principles to address design issues. 

Those are, a) using multiple sources of evidence, b) create and maintain a case study 

database, c) maintain a chain of evidence, and d) exercise care when using data from 

social media sources. All these principles direct the data collection activities for all 

kinds of data sources used in any case study research.  
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Table 3.3: List of coordination meetings observed in both cases 

SL# Case What Participants Duration Method & Tools 
1 Case 01 Coordination meeting for 

Team-C 

1 from NZ 

1 from USA 

30 minutes Phone conference, 

Screenshare 

(occasionally) 

2 Case 01 Coordination of integration 

across squads 

4 from NZ (office) 

2 from USA 

1 from NZ (home) 

30 minutes Phone conference, 

(occasionally) 

screenshare, and  

Confluence 

3 Case 01 Daily Standup of Team-R 5 from NZ (office) 

1 from NZ (home) 

10-15 

minutes 

Phone conference & 

Slack 

4 Case 01 Testing review and Triage 

issues for Team-R 

5 from NZ (office) 

1 from NZ (home) 

1 hour (but 

sometimes 

takes 15 

minutes) 

Phone conference, 

Skype for 

screenshare, 

Jira for item review 

5 Case 01 QA coordination 1 from Japan 

1 from India 

4 from NZ (office) 

1 from NZ (home) 

30 minutes Phone conference, 

Skype for 

screenshare,  

Jira for item review 

6 Case 01 Support – Triage 

production 

issues 

5 from India 

1 from India 

(home) 

3 from NZ (office) 

1 from NZ (home) 

1 hour Phone conference, 

WebEx for 

screenshare, 

Jira for item review 

7 Case 01 Prioritisation with Product 

Mgmt. 

2 from NZ (office) 

1 from NZ (home) 

1 hour Phone conference, 

WebEx for 

screenshare, 

Confluence & Jira for 

item review 

8 Case 01 Tech Sync meeting (most 

complex coordination 

meeting)- Censored 

 

6 from NZ (office) 

2 from NZ (home) 

5 from USA 

(multiple 

locations) 

1 hour Phone conference, 

WebEx for 

screenshare, 

Confluence & Jira for 

item review 

9 Case 02 Daily Standup 9 from NZ 

1 from Hawaii 

10-15 mins Video conference 

using Skype in 

phone, 

WebEx for 

screenshare 

10 Case 02 Sprint Planning 8 from NZ 

1 from Hawaii 

30-45 

minutes 

Video conference 

using Skype in 

phone, 

Jira for Backlog 

sharing 
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These steps make the data collection process transparent and insightful for later 

process, i.e. data analysis and reporting outcomes. We have followed all the principles 

except the fourth one, since this research did not collect any data from social media 

(e.g. Facebook, twitter). 

The first principle guides us to use more than one data sources while collecting data 

Which is being achieved by the triangulation of the data sources. To follow the second 

principle, the researcher has created and maintained a case study database. The 

purpose of this principle is to organise the data collection and documentation process. 

We have electronically created a folder for each case and all the data collected from 

each source for that case are stored under that folder. We have organised the data into 

subfolders based on their source, e.g. interview folder to store interview data, 

observation folder to store observation notes, photos folder for storing all the 

photographs. All the raw data (interview recordings, observation notes) and transcribed 

data are kept in a separate folder to avoid data corruption. We have created a data 

analysis subfolder to store all sorts of analysis findings for each case, such as excel 

files, different types of diagrams, and tables. The case study database has been stored 

in the University’s Cloud storage (OneDrive) and only the research team (the 

researcher, and two supervisors) has permission to view and edit the files to ensure 

data protection. Hard copies of the interview and observation notes are scanned and 

stored in respective folders in online storage. All these data will be stored in the cloud 

as per University’s data storage policy. 

Maintaining a chain of evidence is essential to increase the construct validity in case 

study research (Yin, 2018). This principle guides the transformation of any raw data 

into valuable information by maintaining links (aka chains). If presented properly, this 

chain of evidence validates that the study findings are logically linked to the data 

collected for this research. Failing to maintain or establish the chain will eventually 

question the study findings and lose the quality of the case study. The following 
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diagram from Yin’s (2018) book shows the steps of maintaining a chain of evidence 

(see Figure 3.5). 

From the top, all the research findings are directly linked to the stipulated objects from 

the case study databases. These findings are the resultant of the analysis performed 

on the data collected from both cases. We have followed a structured data analysis 

process using a framework of analysis. The details of the data analysis process are 

discussed in the next section. Whenever required, excerpts from actual data are 

included in the findings to show their evidentiary source from the case study database. 

Sometimes the excerpts are exactly quoted, some other times, they are rephrased to 

make it meaningful for the readers. For example, we have used the following direct 

quotation from one of the interview transcripts to present a key dependency that has 

potential to raise dependency issues. 

 

Figure 3.5: Steps to maintain chain of evidence (Yin, 2018) 

[PSM1] says, “…you're trying to do some feature that you haven't talked to us about, its 

2 or 3 weeks and you need our help. so it is not going to deliver because of us”. 
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This piece of information is linked to the question asked to the participant about ‘what 

sorts of information they need to exchange to coordinate their work process’. The 

response to that question indicated that one team depends on another team’s work (i.e. 

work dependency), so they need to share their requirements with other teams. But the 

problem arises, when the dependency is not identified earlier, or not notified or 

exchanged until it is too late. Such kind of situations has the potential to block work 

deliveries and create delays.  

This example shows how one piece of information is collected (through interview 

questions), stored in a case study database (folders and subfolders for case data) and, 

finally, cited in the report to present a key dependency. This key dependency is 

identified to answer RQ1.1, i.e. what are the key dependencies in the DASD context? 

This chain of evidence has been maintained throughout the case study process to 

ensure the quality of the data collection and its findings. 

3.4 Data Analysis Approach 

Data analysis is an iterative process where the researcher attempts to analyse a large 

amount of data to make sense of them. The sense-making could be in any form, such 

as patterns, themes, causal relationships, hypotheses, and theories. In a positivist 

approach, the researcher wants to evaluate their hypothesis using the data to validate 

their knowledge. Whereas, in a more constructivist approach, the researcher efforts to 

interpret the data by analysing their causalities to formulate a hypothesis. Following the 

philosophical beliefs, this research applied a mix of data analysis techniques in two 

phases. In the first phase, the researcher analysed each independent case separately. 

In the second phase, cross-case analysis is performed to compare and contrast the 

findings between cases and finally, develop a theoretical framework of coordination in 

DASD context. However, before performing actual data analysis, the data are prepared 

for subsequent analysis process. 
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3.4.1 Data preparation 

As mentioned, semi-structured interviews were the primary data source for this study. 

Though our initial plan was to record all the interviews, it was not possible for the 

second case. All the interviews in the second case were done in the team’s workspace 

which was very noisy because of the open office plan. Both the interviewers (the 

researcher and one supervisor) took notes during the interview and verified them 

afterwards. The data preparation process started soon after the interview recordings 

and notes are available. All the audio recordings have been transcribed by the 

researcher and reviewed a couple of times by the other interviewer (one of the 

supervisors) to confirm the accuracy. After completing the process, all the transcripts 

were loaded into NVivoTM (2022) tool for the later analysis process.  

After each interview, the researcher gathered all the field notes (interview and 

observation) and checked them for any confusion and consulted with the second 

interviewer to sort them out. All the field notes were scanned as pdf and saved in the 

case study database. The hardcopies were kept in a secure location as per the case 

study protocol. The photographs taken from each case were also uploaded under 

respective folders in the study database. Since the data collection and analysis were 

performed in parallel, the researcher started the first iteration of case data analysis 

soon after the completion of the data transcription process. 

3.4.2 Within-case analysis 

Each case data are analysed using Content Analysis techniques (Braun & Clarke, 

2006; Fereday & Muir-Cochrane, 2006a), followed by the activity analysis and 

coordination analysis. Content analysis techniques are applied to locate the patterns 

and categorisation of themes from the data which supports the concept-building 

process. The software development activities are analysed using the activity-based 

framework (Korpela et al., 2002) for describing the elements involved in the software 

development process which is useful for cross-case comparison. To get a deeper 
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insight into the coordination, this study has performed the analysis of the coordination 

activities using a priori- developed framework presented in the following sub-section. 

The content analysis technique is a popular qualitative data analysis technique. The 

benefit of using content analysis is to identify patterns and themes inherent in the 

collected data. These patterns and themes are used to answer the research questions 

and develop high-level concepts. This research has employed both inductive and 

deductive content analysis at the latent level (Braun & Clarke, 2006) to understand the 

underlying ideas, assumptions and conceptualization of the key dependencies in 

DASD. Table 3.4 shows the steps followed while doing the content analysis indicating 

the inductive and deductive approaches used in that step. 

The content analysis activities are performed in multiple rounds. In the first iteration, 

the researcher performed the coding of all the interview transcripts to gather 

preliminary ideas. In the next iteration, the primary supervisor followed the same steps 

on a subset of transcripts and coded the scripts to identify dependencies and related 

concepts. And in final iteration, the researcher and the two supervisors discussed the 

coding to reach a consensus about the coding process. Based on the consensus, the 

primary researcher continued the rest of the analysis process to generate the high-level 

themes which is again reviewed by the supervisors and modified to report the findings. 

We have followed the same process for both cases to address validity and reliability 

concerns. Further data analysis is performed using our ‘framework of analysis’ to 

examine each dependency, its impact and coordination effectiveness. 

Table 3.4: Content Analysis Steps (Braun & Clarke, 2006) 

Steps Process 

1. Familiarise with the data Transcription of data and reading the data (iterations) and note 
or underline initial ideas related to dependencies, related issues, 
mechanisms, challenges (deductive approach) 

2. Generating initial codes Coding interesting features of the data (inductive) 
Collating data relevant to each code (inductive & deductive) 

3. Categorising and creating 
themes Categorise relevant data under potential theme (inductive & 

deductive) 
Gathering all data relevant to each potential theme 
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4. Review themes Checking if the themes work in relation to the coded extracts 
(Level 1) and the entire data set (Level 2),  
Generating a thematic ‘map’ of the analysis. 

5. Creating high level themes Ongoing analysis to refine the specifics of each theme, 
Generating clear definitions and names for each theme 
(inductive & deductive) 

6. Producing report Finalising the analysis, 
Creating relations to the research questions and literature, 
Produce scholarly report of the analysis 

 

3.4.2.1 Activity-based framework 

The Activity-based analysis process (termed as activity-based framework) is founded 

upon the popular ‘Activity theory’ (Engeström, 1987) to understand the ‘real-life work 

activity in context’ (Korpela et al., 2002). According to this theory, an activity is a 

collective approach of a number of elements intending to transform a shared object into 

an outcome. While achieving the desired outcome, all the elements that are part of the 

joint work should, to some extent, fit together. It means that all the elements need to 

engage in a certain way to achieve a jointly produced outcome. Since the coordination 

in software development bears similar characteristics, therefore, it is plausible to use 

this framework to analyse the activity and its constituent elements to understand their 

coordination process.  

The activity-based framework is useful to analyse the IS software development as 

presented by (Korpela et al., 2002). Nonetheless, it has been applied to understand 

software development activities on different scales, from small to large to globally 

distributed contexts (De Souza & Redmiles, 2003; Tell & Babar, 2012). This framework 

depicts the actors and their organisation, and how they work, interact, and coordinate 

themselves within the organisational boundary to accomplish a shared goal which 

makes it useful to apply in this case analysis. 
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Figure 3.6: The Framework to analyse coordination in the DASD context 

3.4.2.2 Framework of analysis 

For analysing the coordination process of each case, we have developed a framework 

based on the preliminary model of coordination presented in Figure 2.6 under Chapter 

2. The purpose of this framework is to analyse the data in a structured way to increase 

the repeatability of the analysis process. Likewise, this framework will assist in 

presenting the findings associated with the research questions and synthesize the 

concepts of the final model. This framework, presented in Figure 3.6, specifies the 

individual components that will be explored while analysing the coordination process in 

each case.  

Dependency 

The Coordination Theory (Malone & Crowston, 1994) defines coordination as 

“managing dependencies between activities”. According to this definition, there are 

some components (who) that depends on another component (for what) to accomplish 

any activity and there is a cause (why) that urges the components to coordinate 

themselves. To analyse the coordination, we need to understand the dependency 

structure by answering the following questions: 
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- Who are dependent? (e.g. developers, testers, parts of the software etc.) 

- For What they are dependent? (e.g. Knowledge, process or resource etc.) 

- Why they are dependent? (e.g. to solve a bug, task prioritisation, develop 

shared understanding of the epics or user stories etc.) 

The answer to these questions helps us to identify the dependencies in the 

investigating process. This list of dependencies will be examined to identify the ‘key’ 

ones that are potential to create dependency issues. Dependency issues can be 

described by delay, misunderstanding, rework, additional communication, technical 

debt, and poor-quality output. All these dependency issues can be grouped as a form 

of ‘Delay’ because they somehow lead to some sort of delay. For example, when a 

task-in-action depends on relevant information (dependency), the required information 

should be communicated (mechanism) in a way that creates a shared understanding. If 

the information is not properly communicated, it may create misunderstanding resulting 

a wrong output from the task. Whenever such situation occurs, the task needs to be 

reworked which will create delay in delivering the output. 

Coordination Mechanism 

Likewise, what techniques or activities are followed to address those dependencies 

also need to be investigated in a structured way. Coordination activities or techniques 

referred as mechanism have different types and patterns. A single mechanism can be 

applicable to manage multiple types of dependencies, but it is not guaranteed that the 

same mechanism can effectively manage all of them (Espinosa, Lerch, et al., 2002). 

Besides, the applicability and efficiency of coordination mechanisms are not unique 

and straight-forward, it is important to explore the characteristics of different 

coordination mechanisms that has been applied in any scenario. Amalgamating the 

researcher’s theoretical understanding and professional experience, the following list of 

characteristics are identified that can better describe the coordination mechanisms:  

- Actors/Roles involved 
- Artefacts shared 
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- Format (Written, Verbal, Cognitive) 
- Mode of exchange (Personal either group or individual, Impersonal) 
- Notification Mode 
- Synchronicity (Synchronous, Asynchronous) 
- Time Sensitivity 

It is worth to be mentioned that not all characteristics are appropriate for each 

mechanism, rather it is a generic form to cover the majority of them. While analysing 

the mechanisms, it is important to measure the quality of the mechanism. Based on our 

preliminary analysis findings, it was identified that quality of any mechanism can be 

described by several distinctive features, such as Fit for purpose, Timely, Shared 

Understanding, and Awareness. For instance, if any task-in-action depends on the 

output of another task (i.e. producer/consumer dependency (Malone & Crowston, 

1994), the mechanism needs to ensure that the output is fit for purpose. Otherwise, the 

dependency might be managed but not well-managed. Similarly, the output should be 

available at the right time to be used by the consumer task. Shared understanding is 

another quality requirement for mechanism used for knowledge dependencies. A 

qualified mechanism should not only ensure the timely communication, but also need 

to ensure a shared understanding. Otherwise, it may create dependency issues such 

as rework or poor-quality work output. Finally, any mechanism applied to manage a 

certain type of dependency should foster awareness of the activities and its effects on 

the other side, particularly in distributed software development. For example, Team A 

depends on work output from Team B, Team A needs to communicate the work 

requirements so that Team B can identify ‘what needs to be done’ and ‘when’. The 

mechanism applied for this dependency is inter-team communication by sharing the 

work requirements in a certain format. The mechanism would be considered as high-

quality if Team B can develop the awareness of ‘what needs to be done’ and ‘when’. 

We have applied these requirements to measure the quality of the identified 

coordination mechanisms. 
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The choice and application of coordination mechanisms could be affected by two 

factors:  Dispersion and Task. Dispersion factors contains time, spatial and cultural 

factor. Task factors may relate to Uncertainty, degree of inter-dependence, complexity 

and duration. While analysing the coordination mechanisms, these factors have been 

considered to investigate their impacts on the quality of the mechanisms.  

Effectiveness of Coordination 

As discussed in the literature review chapter, coordination effectiveness characterises 

the extent to which key dependencies are effectively managed (Espinosa et al., 

2007b). To evaluate coordination effectiveness, Strode et al.’s (D. E. Strode et al., 

2011) framework have been adapted for the DASD context as presented in the Figure 

2.8 (Chapter 2). The framework contains explicit and implicit components. Explicit 

components are ‘right thing’, ‘right place’ and ‘right time’, whereas implicit components 

are ‘Know why’, ‘know what is going on and when’, ‘know what to do and when’, ‘know 

who is doing what’, ‘know who knows what’ and ‘know who is available’. While 

analysing the key dependencies for each case, we have used these components to 

identify how effectively the applied mechanisms managed those dependencies. Since 

the poorly managed dependencies leads to dependency issues, it has direct impact the 

coordination effectiveness. We have used this relationship to identify how dependency 

issues impact the components of coordination effectiveness. 

3.4.3 Cross-case analysis 

The cross-case analysis is a popular technique applied in case study research to 

achieve robustness, generalisability and applicability of the study findings (Yin, 2002). 

In this approach, multiple similar cases are selected based on the particular 

phenomenon under investigation and the findings of the analysis are compared and 

contrasted for essential elements and components across cases (Khan & 

VanWynsberghe, 2008). The cross-case analysis outcomes are theorised to build a 

conceptualisation of the phenomenon that would offer a greater understanding of the 

phenomena. In this research, we have performed a cross-case analysis of the two 
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selected cases from two interrelated perspectives. Firstly, we have compared the 

cases based on their contextual elements following Korpela et al.’s (2002) activity 

framework and other elements. Secondly, we have compared the coordination aspects 

including dependency coordination mechanisms, coordination effectiveness and 

associated issues.  

The cross-case analysis findings have ratified each of the steps of the theory 

development process discussed in Chapter 7. During the cross-case analysis, we have 

focused on the types of dependencies and their associated issues that possess high 

risks. The results are used to develop a generalised view of the key dependencies and 

their associated risks in the DASD context. Then, a list of coordination mechanisms 

has been populated that can support the key dependencies in a similar context to 

reduce their impacts. The final list of components of coordination effectiveness has 

been portrayed based on the case evidence. Finally, the relationships between the key 

concepts of coordination, Dependency, Coordination mechanisms and Coordination 

Effectiveness are drawn to complete the theory.  

3.5 Ethical Considerations 

This research findings are dependent on the interview, observations, and documents 

relating to personal and organizational knowledge which require human participation. 

As per the AUTEC’s instruction, all research work involving human subjects requires to 

receive approval for ensuring the privacy, safety, health, social sensitivities, and 

welfare of human participants. Therefore, this research followed the formal procedures 

to get Ethics approval from AUTEC before making any formal contact with any of the 

case organisations. 

The research team has ensured that all data related to this research and their 

participants are considered ‘Confidential’ and a confidentiality agreement has been 

signed beforehand of the collection of data. All the data collected from each case has 

been stored in a secure location as committed to AUTEC. Both the interviewees signed 

a Non-Disclosure Agreement (NDA) form for each case organisation and are 
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responsible to maintain the confidentiality of sensitive organisational data and the 

anonymity of each participant. The research team acquired signed consent from the 

management representative of each case to collect data from participants and other 

sources. Each participant is provided with a participant information sheet in advance 

and briefed about the purpose of the research at the time of the interview. Each 

participant signed the participant consent form prior to the interview. All the study 

participants are well informed about their rights and protocols to assure their privacy 

and alleviate discomfort during and after the interview. A draft containing the case 

description and findings has been shared with case representatives to confirm that 

confidentiality and anonymity are maintained accurately.  

Table 3.5: Aspects of Quality Assessment applied in the study 

Aspects of Quality Assessment Definition 
Construct Validity Establishing correct operational measures for the 

concepts being studied 
Internal Validity Establishing a causal relationship, whereby certain 

conditions are shown to lead to other conditions. as 
distinguished from spurious relationships 

External Validity Establishing the domain to which a study's findings can 
be generalized 

Reliability Demonstrating that the operations of a study can be 
repeated with the same results 

 

3.6 Validity, Reliability, Rigor & Relevance 

The quality of any research depends on how well the research design, data collection 

and data analysis process meet the validity and reliability standards. Though there are 

no definite standards established for studies using qualitative methods (Miles & 

Huberman, 1994a; Wilson & Creswell, 1996; Yin, 2002), Yin (2002) has suggested a 

framework for case study research. The framework includes four aspects of quality 

assessment, namely, Construct Validity, Internal Validity, External validity, and 

Reliability. He further guided case study researchers by presenting some tactics to deal 

with each assessment. Following his guidelines, this exploratory case study research 

addressed all these aspects to enhance the validity and reliability of the research 

outcomes. The definition of these four aspects are outlined in Table 3.5 and the 
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application of these aspects in this study is discussed in chapter 8 (section 8.4) while 

evaluating the research. 

Rigor and Relevance 

Dubé & Paré (2003) established a list of attributes to assess the rigor in any positivist 

case study research. Since this case study follows a mix of positivist and interpretivist 

approaches, these attributes are valuable while evaluating methodological rigor in 

activities performed in the research design, data collection and data analysis phase. 

The following Table 3.5 presents the list of attributes that are being applied in this 

research and is further discussed in Chapter 8 (section 8.3). Since this study follows a 

multiple-case exploratory research design, only relevant attributes to this approach are 

included in this table. The table contains three divisions to cover each specified area 

and each division contains a discussion about how rigor has been achieved in that 

area. While evaluating from an interpretivist perspective, (Fossey et al., 2002) 

proposed five distinctive criteria: authenticity, coherence, reciprocity, typicality, and 

permeability, that conform to the well-accepted principles for evaluating interpretive 

studies in IS research (Klein & Myers, 1999). The details of each criterion and their 

application are presented in the discussion chapter (section 8.3 in Chapter 8) while 

evaluating the quality of the interpretations to produce a convincing explanation of the 

phenomena of investigation 

Research relevance is an important factor to improve the acceptability of the research 

to the practitioner audience. Relevance refers to the fact that the research outcome 

should be relevant to practice and can be directly applied to professional practice 

(Robey & Markus, 1998). In IS research, there can be three dimensions of relevance: 

importance, accessibility, and applicability (Rosemann & Vessey, 2008). A research is 

considered to be relevant if the research can cover these three dimensions. From 

these perspectives, this research is important as it aims to understand the coordination 

process in a trending DASD context and provide plausible suggestions to improve the 

state of coordination. This research can be considered accessible since we have tried 
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simple stylistic attributes to make it appealing to non-academic readers (Robey & 

Markus, 1998). For example, we have used diagrams to portray delay scenarios that 

are easy to understand. We have used tables to summarise the key case findings that 

will provide a snapshot of the overall findings. Additionally, this researcher follows a 

clear and simple writing pattern that is readable for non-academic readers. 

Finally, the research meets applicability concerns by suggesting ways to improve the 

coordination states. We have thoroughly discussed the key dependencies, and their 

associated issues and then presented recommendations (whenever needed) to 

improve the condition by using alternate mechanisms. These recommendations can be 

applied in similar scenarios (suitability) that deemed this research applicable to 

practice.  

Table 3.5: Attributes used for Assessing Rigor in Exploratory IS research (Dube & Pare, 2003) 

Attribute Purpose 

Research Design 

Clear research question • Links the study’s theoretical and practical contributions 

• Addresses reliability concerns (Miles & Huberman, 1994a) 

A priori specification of constructs • Shapes the initial research design showing constructs of interest 

Clean theoretical slate • Reduce research bias while analysis 

• Limits researcher’s interference on limiting the findings 

Multiple-case design • Produce robust and more generalised results than single case 

• Enable cross-examination of case results to maximise theoretical coverage 

Replication logic in multiple-case 

design 
• Case selection based on substantive significance or theoretical relevance 

• Addresses external validity concerns (Yin, 2002) 
Unit of analysis • Define a clear boundary within the case 

• Guide the data collection and applicability of theoretical contributions 

Context of the case study • Describe the contextual elements in which the research was conducted  

• Enhance the credibility 
Data Collection 

Elucidation of the data collection 

process 
• Elucidate the data collection process including  

o what data has been collected 

o how those data are collected 

o what sources are used and why 

o how collected data contributes to the findings 

• Enhance reliability and validity (Benbasat et al., 1987) 
Multiple data collection methods • Collect evidence from multiple sources to provide rich insight of the 

investigating phenomenon  

• Ensure construct validity (Yin, 2002) 
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Data triangulation • Converge evidence from multiple data sources to strengthen research 

outcomes 

• Enhance construct validity (Yin, 2002)  

Case study protocol • Documenting details of the research procedures 

• Ensure the research process can be repeated by other investigators and reach 

to similar conclusion 

• Enhance research validity and reliability (Yin, 2002) 

Case study database • Organise and manage study documents  

• Enhance research reliability (Yin, 2002) 
Data Analysis 

Elucidation of data analysis 

process 
• Demonstrate how the final outcomes are drawn from the data 

• Enhance reliability and reduce researcher bias 

Field notes • Supporting evidence for other data collection methods 

Coding and reliability check • Demonstrate how the final outcomes are drawn from the data 

• Enhance reliability and reduce researcher bias 
Data displays • Demonstrate how the final outcomes are drawn from the data 

• Enhance reliability  
Logical chain of evidence • Demonstrate how the final outcomes are drawn from the data 

• Enhance reliability and construct validity (Yin, 2002) 
Explanation building • Demonstrate how data are interpreted to textually explain the phenomenon 
Searching for cross-case patterns • Look for similarities and differences between cases using categories and 

dimensions 

Quotes (evidence) • Supporting evidence to develop theoretical concepts and show their 

relationships 

Comparison with extant literature • Strengthen study findings by showing supportive or contradictory literatures 

 

3.7 Summary 

This study has selected an exploratory case study research method. This chapter has 

presented the influence of the philosophical perspective of the researcher followed by 

the contextual influence on the methodology selection. This research has adopted a 

mix of positivist and interpretivist stances to answer the key research questions. The 

research design process is presented with a case study protocol, followed by 

implementation details including the selection of the case and participants, data 

collection and data analysis. All the ethical considerations and how this research has 

addressed them are discussed. The validity and reliability concerns are first described, 

followed by a discussion of how this study addresses those concerns. A detailed 

discussion about the process followed to ensure the rigor and relevance of this study 

are presented. Finally, the elements of theory for this research are briefed to highlight 

the research goals, and the outcomes are presented in Chapter 7. The next chapter will 
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present the findings from the within-case analysis, followed by a cross-case 

comparison with a related discussion.  
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Chapter 4 : Case 1 Findings 

 

This chapter presents the analysis and findings of the first case, a mature product 

development project involving globally distributed teams and work streams. The 

product was being used by a large number of clients spread across the countries, 

which was supported and enhanced by teams working from five different time zones. 

Due to the nature of the product and the software development process, a large 

number of critical dependencies were identified involving local and global teams in 

which coordination anomalies and challenges were analysed. 

An overview of the project background and the DASD process are presented in 

sections 4.1 and 4.2. This discussion provides a better understanding of the project 

structure and how the software development activities are conducted. A discussion of 

the project activity analysis process and its findings are presented in section 4.3. The 

coordination analysis process, mainly focusing on the dependencies and their 

management, is discussed in section 4.4. Then follows the findings of the analysis in 

section 4.5, with a detailed discussion about the results for better interpretation for the 

readers presented in section 4.6. The chapter concludes with a summary presented in 

section 4.7, providing the foundation for the cross-case analysis presented in Chapter 

6.   

4.1 Project Context 

The first case, code-named ‘Pigeon’, is the key project for a US-based multinational 

company that focuses on developing software systems for managing health 

informatics. This project is considered a DASD project since there are globally 

distributed teams and stakeholders involved in two work streams and adopted agile 

practices in their software development process; thus deemed suitable for this 

research. The case organisation is a prominent healthcare service provider that 

regularly collects and stores complex healthcare-related data into the cloud database 
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and provides advanced analytics through innovative technology solutions to support 

better decision-making and customer service. The key product developed in Pigeon 

delivers unique and valuable insights into diseases, treatments, costs, and outcomes to 

their clients. The organisation is globally spread in more than 100 countries involving 

50,000 employees to help clients run their operations more efficiently. 

The case Pigeon involves the ongoing development of a mature product that has been 

used by its clients on a regular basis to get critical, real-world disease and treatment 

insights. The product has a front-end service that utilises the strong backend 

infrastructure to provide critical insights for healthcare-related services. This product 

can be classified as critical from both the organisational and client perspectives, as it 

drives the organisation’s business and enables it to provide end-to-end service to its 

clients. Likewise, the clients depend on this solution for their day-to-day services to 

access sensitive healthcare data and analytical insights to support their customers. An 

overview of the Pigeon case is presented in Table 4.1. 

The product development activities are primarily divided into two main streams of work, 

existing features enhancement, and bug fixing and support. Both work streams involve 

six teams in total that are globally distributed in NZ, Europe and the US. Four 

development teams are located in NZ, code-named as Team R, Team FT, Team RT, 

and Team M. Another two teams are USA-based, code-named Team FW and Team C. 

Quality Assurance (QA) and Client Support teams are external to the organisation and 

distributed in different parts of Europe and Asia. The development teams are module-

based and specialising in specific parts of the product, as described in the following 

paragraphs. Several of the product’s core modules are strongly inter-connected with 

each other creating high interdependencies between the globally distributed 

development teams. The teams’ organisation and their inter-relationships due to the 

product architecture are portrayed in Figure 4.1, which helps to provide a clear 

understanding of the teams and their contributions to the product. 
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Table 4.1: Overview of Pigeon case Project Context 

Case Name Pigeon 

Organisation 

Organisation Type Commercial 

Organisation Size Large (>250 employees) 

Business activity 
Healthcare data analytics and client 

support 

Market Global (distributed over 100 countries) 

Project 

Project Status Ongoing  

Project Purpose 
Enhance the product features, Bug 

fixing & Client support 

Project Criticality Medium 

Project Stakeholders 
Global POs, Proxy PO, Development 

teams, QA teams, Support teams 

Product 
Product Size Medium 

Product Status Mature 

Team 

Team Size 
7 (Team R) 

6 (Team RT) 

Interviews 
Seven from Team R 

One from another Team RT 

Development 

Method 

Agile Approach 

 

Scrum (primarily) 

XP (occasionally) 

All but one of the participants of this study are members of Team R, that is specialised 

in data replication services. A list of all the interview participants from Team R and their 

roles is presented in Table 4.2. The replication service is one of the core back-end 

services of the product that assesses which bit of data needs to go to which remote 

machines like tablets or iPads. This service ensures the optimised data replication 

facility so that only the necessary amount of data is replicated or copied to the user’s 

machine to avoid copying the whole database simultaneously to save device space 

and bandwidth. 
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Table 4.2: List of study participants, their roles, and representative codes 

Participant No Participants Role Code Team 

1 Development Manager PDM Team R 

2 Developer 01 PDV1 Team R 

3 Developer 02 (TL) PDV2 Team R 

4 Developer 03 PDV3 Team R 

5 Developer 04 PDV4 Team R 

6 Tester PTS Team R 

7 Scrum Master 01 PSM1 Team R 

8 Scrum Master 02 PSM2 Team RT 

9 Product Manager PPM Team R 

Team R is located in NZ and has seven members: one Development Manager (DM), 

four developers, one tester and a Scrum Master (SM). The tester is a regular team 

member who performs the acceptance tests for all the development works before 

submitting them to the Product or integration tester. The Product/Integration testers 

and Quality Assurance personnel are referred to as QA. There are two groups of QA, 

one for integration testing and the other for QA. All the QA team members are global 

and located in USA, India and Japan. Initially, QAs were shared by all the teams, but 

later this was changed to each team having their own QA to enhance coordination and 

performance. 

Team C has three members who are located in different parts of the USA: one team 

lead, one developer and one integration tester. Team C is responsible for ensuring the 

connection establishment and data transactions within the product features. Team C 

and Team R have high inter-functional overlapping in which multiple module features 

are calling services from each other. Due to this multiplex relationship, both teams 

need to maintain intense collaboration with each other. For example, Team R needs to 

coordinate with Team C to establish a connection before replicating any data from the 

database to any target device. Since Team R and Team C are located in different time 

zones around the globe, all their dependencies are coordinated via a formal channel 

facilitated by the Scrum Master, who is communal for these two feature teams. The 
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Scrum Master corresponds with each team separately for its internal activities and 

conducts joint coordination sessions weekly with both teams. Due to the time 

differences, there are few opportunities for these teams for informal communication to 

coordinate their dependencies. 

 

Figure 4.1: Product architecture and different team's involvement in the product 

Team FT, an NZ-based team, is responsible for managing the admin tools and 

provides all kinds of environmental settings (i.e. services, clusters, the database). This 

team also acts as a representative for the client teams to set up for their tenants, 

including their configuration settings for their apps, e.g. adding users, configuring how 

the users can interact and security settings etc. They also develop the UI for the front-

end services to initiate the back-end jobs. 

Team RT is also an NZ-based team that works with all sorts of build tools, development 

and DevOps tools, and configuration management (i.e. how does install, how to 
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authenticate etc.). Team M, based in NZ, specialising in integrating the web servers for 

offline and online services. Finally, Team FW is a US-based team ensuring data 

management for the front-end services. For understanding the relationships between 

teams and their functional areas in the product, a diagram of the system architecture is 

presented in Figure 4.1. 

 

Figure 4.2:Teams organisation indicating their locations 

All Product Owners (PO) for this product are located in different parts of Europe, and 

there is a liaison person in NZ who acts as Proxy PO. All the team’s organisations and 

their structure, including the product owners, are presented in Figure 4.2. Regarding 

stakeholders, Global POs, clients and Proxy PO (local) are primary stakeholders for 

product requirements. and other teams (e.g. replication, deployment, client support) 

and QAs are the stakeholders for feature development and bug fixing.  

This case represents a widely distributed vendor development workforce with highly 

inter-connected product features, and clients and development teams distributed 

globally. For successful product development and client support, all the global 

touchpoints need to collaborate in their day-to-day work. Successful coordination of this 

complex and distributed product development is necessary. An overview of the DASD 
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process of this project is presented in the next section, which highlights the 

coordination touchpoints and their relationships to better understand the coordination 

needs. 

4.2 Overview of the DASD Process 

Product feature enhancement and bug fixing are the two primary work streams 

consuming most of the work and coordination efforts. Each workstream consists of 

several interdependent activities involving co-located and distributed teams. All the 

teams involved in the process need to synchronise their work so that outputs can be 

integrated and released to the clients without any issues. While working in these 

activities, a significant amount of knowledge and expertise needs to be shared, which 

demands frequent communication among the parties. The teams' physical and 

temporal differences are being considered while managing this work and knowledge 

coordination. A coherent understanding of the process and work requirements would 

be crucial to identify the critical dependencies, and how they are currently managed, 

thus, helping to evaluate their effectiveness and associated challenges. The 

subsequent sections separately discuss the work processes under each stream that 

supplements the analysis process of this study. 

Since the analysis process followed in this study focused on Team R’s coordination 

efforts, a diagram showing all the top-level activities performed by Team R in the two 

main work streams is presented in Figure 4.3. The diagram is segmented into five main 

parts based on the generic software development activities, such as requirements 

gathering, requirement analysis, development and testing, and release. Part A & B 

relates to product feature enhancement activities discussed in section 4.2.1. Part D & E 

are specific to bug fixing, and support activities discussed in section 4.2.2. Part C 

relates to the core development and testing activities, which successively lead to a new 

release. While discussing each part of the development process, coordination 

touchpoints are identified, which provides the basis for the coordination analysis and 

discussion presented in the later part of this chapter. 
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Figure 4.3: Overview of the Software Development Process 

4.2.1 Product Enhancement (PE) Process 

4.2.1.1 Requirement Gathering for PE workstream (Part-A) 

In the product or feature enhancement process, global POs are the primary sources of 

new ideas and requirements. Since they are from different parts of Europe, the Proxy 

PO coordinates with them and manages the work requirements and prioritisations. 

While the proxy PO in NZ is the key contributor to the release requirements, other 

teams also contribute to the requirement gathering, and on approval, their ideas are 

also included in the release backlog. Therefore, the requirement gathering and 

prioritisation activities rely on the POs, Proxy PO and the development team 

representatives. An Issue tracking system, i.e. Jira is used to record and manage all 

the release requirements.  

Additionally, the reported bugs that are complex and have high user impacts and may 

require multiple teams’ involvement are also an important source of requirements, as 

indicated in part E. In Team R, the DM takes the decision for such bugs and pushes 

them to the requirements list in Jira for collaborative decision-making.  As illustrated in 

diagram 4.3, all the preliminary requirement ideas from all these sources are recorded 
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in Jira as indicated in Part A, which is further discussed and approved to be the release 

goals as discussed in part B. 

4.2.1.2 Requirement Analysis for PE workstream (Part-B) 

In this segment, all the requirements listed in Jira go through the analysis and decision-

making process. The POs, both local and global, and development teams are 

responsible to finalise the ideas that will go through the development process. All 

selected enhancement ideas are analysed according to the feature and expertise 

needed. Based on this analysis, teams with matching expertise are assigned to release 

requirements. Requirements confirmed for release are prioritised in this phase which 

might be changed at a later stage of the development. The prioritisation decision 

includes what features to be included in the current release or queued for future 

releases. Coordination of this decision making, and work distribution activities are 

performed in a group meeting named ‘Release Planning’ chaired by the PM. The 

meeting is pre-scheduled and conducted over the conference call to connect all the 

distributed parties from different time zones. 

Product feature requirements related to a specific module are managed by the team 

specialised in that module. The Team leads from each specialised development team 

participate in the release planning meeting. They are involved throughout the analysis 

and decision-making process to have a mutual understanding of the release 

requirements. The team leads of assigned teams are now responsible for continuing 

the further development process along with other team members to meet the release 

deadlines.  

4.2.1.3 Development and Testing for both streams (Part-C) 

All sorts of coding and testing activities for the two streams are performed in this 

segment of the process. The development teams follow different sprint cycle duration 

for their convenience, for example, Team R initially followed three weeks sprint which 

later on switched to two weeks sprint to synchronise with the release cycles better. The 
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new product feature releases are scheduled around every four months, which includes 

all the sprint releases and major bugs fixed within that time. 

The breakdown of activities performed in the core development process is shown in 

Figure 4.4. It starts with the ‘Sprint planning’ activity, which is a group session where all 

the Team R members participate in setting up the sprint actions. Team members 

collectively decide the sprint duration, sprint goals and the way to achieve the goals. 

The planning starts with a list of user stories that are created based on the release 

goals. Team R depends on the Senior Development Manager to convert the release 

requirements into user stories. Team members then participate in the ‘planning poker’ 

session in which the tasks are broken down to estimate the time required to complete 

the story. Based on the estimation, the team decides on the stories to be included in 

the next sprint. Sprint planning sessions are separate meetings, but occasionally they 

are combined with the ‘backlog refinement’ session. Usually, backlog refinement 

sessions are used to review the user stories and clarify any misunderstandings. Team 

R records and maintains the sprint stories in Jira termed as ‘Sprint Backlog’. SM 

coordinates the tasks related to sprint backlog items and the ‘self-task assignment’ 

during the sprint planning. 

The sprint planning session is another coordination touchpoint that helps to surface 

dependencies and risks that might impact the sprint activities. The dependencies might 

be between the tasks or might be between teams. Team R performs a stakeholder 

analysis at this stage to identify the potential involvement of other development teams. 

For Team R, this analysis is a way of identifying potential work or knowledge 

dependency on other specialised teams that might be involved in the upcoming sprint. 

For example, if Team R identifies that any sprint work item requires a connection 

establishment, then Team C needs to be involved as they are responsible for that kind 

of task. However, the data indicates that not all the development teams follow the same 

process, and as a result, several coordination issues occurred as discussed in the 

findings section.  
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Team R maintains an electronic ‘Squad board’ using Jira for task allocations and 

tracking work progress, which serves as an ‘information radiator’ for the team members 

(Buchan et al., 2019; Fröling, 2018). Each work item is recorded as Jira tickets and 

their status is visible to all team members. In terms of coordination, Team R conducts 

iterative sessions to reinforce the shared understanding of the sprint goals and the 

team’s progress. the ‘Daily standup’ meeting is a coordination point to share work 

updates and manage blockers. Team members use the ‘Slack’ tool to report their daily 

work updates during the daily standup. Development-related issues and impediments 

are discussed further in a separate meeting to examine and respond, and if required, 

escalated to other development teams for their support. Team R members also 

conduct regular code review sessions during the sprint which helps them refine their 

understanding of ‘what needs to be done’. At the end of the development, completed 

Jira tickets are queued in the testing backlog for acceptance tests. 

In terms of the testing, Team R has a tester in the team to perform all the acceptance 

tests for the completed backlog items. The tester is an essential part of the team and 

participates in all the meetings and ceremonies like other team members. Based on 

discussion and feedback about the user stories, the tester can start thinking about the 

possible test cases and prepare a ‘test plan’. The test plan is a graphical presentation 

that specifies the test coverage and action items are reported as bullet points. 

Team R conducts regular ‘test case review’ sessions to review and give feedback 

about the test cases and test plans. The tester also attends the developer’s code 

review session to know ‘what has been done’ in terms of coding and testing, so that, if 

possible, he can skip some test cases to save time. Tester maintains a separate 

‘Testing Squad board’ for testing activities which shows the progress of testing 

activities and their status. The team structure and software development practices 

indicate the tester is an integral part of the development team. However, the testing 

cycle (i.e. sprint) differs from the coding cycle which starts at the end of the coding 

sprint.  



Page 154 

 

Figure 4.4: Agile SD Activities performed in Part-C 

After completing the acceptance tests, the tickets are forwarded to the QA team for 

approval before releasing their work. Both the developers and tester need to exchange 

information with the QA regarding the tickets or any problem they are facing. Since the 

QA team members are located in India and Japan, email and comments on Jira tickets 

are the primary communication channel used between these parties. The QA members 

can access the tester’s squad board and see the ticket details and comments 

specifically done for the QA. Besides, Team R attends a regular ‘QA meeting’ every 

fortnight with the QA leads to answer their queries and resolve work issues. Other 

development team members also attend this meeting. Team R used to conduct ‘Sprint 

review’ sessions after each sprint which is now altered by ‘QA Demo’ for sharing the 

recent development outputs and how things work. All the failed tickets are registered as 

‘Bug’ in the system which needs to go through the bug fixing process.  

Team R performs ‘Retrospective’ sessions to evaluate and improve the team’s sprint 

performance. The Scrum Master uses an ‘online tool’ to collect and share improvement 

ideas between team members. This meeting is an ‘Ad-hoc’ kind of meeting conducted 
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after every couple of sprints. Based on the discussion and feedback, team members 

work together to make plans to implement them in upcoming sprints. 

4.2.2 Bug fixing & Support (B&S) Process  

The Bug fixing and support process is another work stream that adds workloads for the 

team throughout the year. It is a continuous process that not only focuses on the 

reported bug resolution but also solves customer support issues. Bugs related to 

specific features or functionalities are handled by the respective teams who developed 

them. For Team R, the bug fixing activities require 50% of their work efforts. The 

current process for handling the bug-fixing workloads differs across teams. For 

example, while Team C integrates all the bug fixing requests with the new 

enhancement workflow, Team R handles bug and support activities separately from 

product enhancement. In Team R, the majority of the firefighting works are handled by 

the Development Manager (DM) without interrupting the development team’s workflow. 

With his product knowledge expertise and development experience, the DM manages 

all the bug and support requests along with one or two developers who are assigned 

intermittently. The overall bug fixing process goes through several key phases (shown 

in Figure 4.5), those are Bug identification or creation, reporting (Part D), and reviewing 

and Categorising (part E), which are discussed separately in the following subsections. 

 

Figure 4.5: The activity flow of the bug fixing process 

4.2.2.1 Requirement gathering for B&S workstream (Part-D) 

All the incoming bugs are categorised under three levels (Level 1, 2 & 3) depending on 

their reporting sources and customer impacts. The bugs reported by the developers 
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and integration testers are categorised under Level 1, QA reported bugs under Level 2, 

and customer support members reported bugs under Level 3. The benefit of using 

separate levels for the bugs is to support the prioritisation of the bugs based on their 

reported source. For instance, Level 3 bugs get the highest priority because of the 

potential customer impacts. Current sprint-related bugs, i.e. Level 1 bug gets the next 

priority and then the Level 2 bugs since in most cases this needs to be included in the 

next sprint. 

The bug fixing process starts by identifying any potential bug by any of the teams 

involved. In most cases, the bugs are identified by the local tester or the QA team who 

is working offsite. Other parties, such as the support team or customers can also report 

any bug through different channels. Once the bug is identified, they need to be 

reported to the development team using the designated channel. If the bug is identified 

by the tester or the QA team, they need to report that by creating a new Jira ticket with 

details of the problem they are facing. In the case of the support team or clients, then 

they have to use an online tool called ‘SMART’ that is specifically developed in-house 

for this purpose. Another communication channel commonly used for this purpose is 

Email. Any of the parties can directly report any bug by sending an email to any 

predefined or known point of contact, such as DM or any specific developer. Based on 

the level and priority, the DM reviews all the requests and either works or allocates 

them to the supporting team members which are discussed in the next section.  

4.2.2.2 Requirement Analysis for B&S work stream (Part- E) 

The next activities include bug processing and categorisation, which are handled by the 

DM. Once the reported bugs are reviewed and categorised, they are either recorded as 

potential improvement ideas (from Part E to Part A) or go through the development 

process as illustrated in Figure 4.3. 

Whenever any bug is reported through any of the channels, the Development Manager 

reviews the bugs before it goes to the next phase. As mentioned earlier, the DM is the 
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central decision-making authority and technical resource to handle most of the bug 

review and development activities. He possesses sound technical and product-specific 

knowledge and experience to perform these activities which creates a central 

knowledge and work dependency structure. Therefore, other team members heavily 

rely on him for his expertise knowledge and decisions throughout the bug fixing 

process.  

Next, the request goes through the categorising process to measure the importance of 

the issue based on the user impacts, i.e. impact analysis, which is primarily done by 

DM, but also involves POs (both local and global), PO Proxy (local), SM and 

development teams if the bug leads to product enhancement. In such cases, the rest of 

the process follows the steps mentioned earlier in terms of product enhancement. 

Any Ad-hoc support cases are resolved by the firefighting team led by the DM. The 

subsequent development activities such as coding, testing, and QA are performed 

along with other sprints. The bug-fixing activities need to elicit the knowledge and 

expertise of other teams (some global) to debug and solve the issue. Scrum Master 

organises phone conferences using WebEx with respected teams to coordinate similar 

situations. 

Currently, Team R responds within 24 hours of a ticket being raised and dedicates 

three days for issue resolution. This schedule does not align well with the timing of the 

new enhancements (two weeks sprint) and the release cycle (three times per year). 

The overall bug fixing process goes through several process management activities 

such as decision making, impact analysis, task synchronization between local and 

global teams (both local and global), work progress tracking and sharing status 

between the team and management authorities. Therefore, proper management of the 

development and managerial activities play a vital role in coordinating the entire bug 

fixing process effectively. 
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Taken together, both the work streams consist of a number of activities and knowledge 

sharing that involve people working from local and distributed sites. While performing 

these activities, they need to synchronise their work because of the input-output 

dependency (Malone & Crowston, 1994), and exchange knowledge (Razzak & Ahmed, 

2014) and expertise (Faraj & Sproull, 2000). To manage effectively, appropriate 

mechanisms need to be applied accordingly to avoid coordination breakdowns 

(Cataldo & Herbsleb, 2013). The next sections illustrate the two-phased data analysis 

process and then report the findings of the analysis. 

4.3 Activity Analysis & Findings 

The software development activities of this case are analysed in two phases. At first, 

the activities are analysed following the guidelines suggested by (Korpela et al., 2002). 

This guideline provides a structured way of describing the elements of the software 

development activity that establishes a common ground to compare and contrast the 

activity elements of the two cases of this research. Secondly, the coordination process 

is analysed using the prior developed analysis framework presented in Chapter 3. 

Since ‘coordination process’ is the central unit of analysis of this research, this later 

analysis helps to identify and describe the dependencies, and their coordinating 

strategies and associated challenges with the SD process. 

As discussed in the methodology chapter (section 3.4.2), this activity analysis is 

conducted using Korpela et al.’s (Korpela et al., 2002) framework which is grounded on 

the activity theory. This activity analysis is useful to understand the Globally Distributed 

Agile Software Development (GDASD) project activities by articulating the actors, the 

work structures, ways of interaction, and coordination within the organisational 

boundary to achieve a shared goal. The following sections first describe the adaptation 

process of the framework for this case and then present the outcome of the analysis by 

mapping the activity elements following guidelines provided by (Korpela et al., 2002). 
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4.3.1 Adaptation of Activity-based Framework for Pigeon Project 

One of the important usages of the Activity-based framework is to analyse software 

development as an Activity to identify elements that are “misfit”, and hence, can 

improve those areas for a better outcome. Coordination in DSD is also a ‘collective 

work activity’ that involves multiple actors performing their activities in a way that fits 

with each other to achieve a common goal. If the coordination activities are not 

appropriate, it will create conflicts, tensions, and challenges in achieving the goal. 

Since this framework lacks visual notations, this research adapted Laurent et al.’s 

visual presentation guidelines to present the activity elements (Laurent et al., 2010). 

According to the checklist provided in this framework, the primary elements that are 

observed in an activity are Outcome, Object and process, Actors, Means of work, 

Means of coordination and communication, Group or team, and Mode of operation. 

Figure 4.6 illustrates the abstracted model used in the activity-based framework 

depicting all the elements. This model is being used while analysing the overall activity 

and its elements observed in the DASD process. 

In the following section, each of these elements are briefly discussed and mapped with 

this case data. It is mentionable that the framework is adapted to include the distributed 

segments of the project and portray the software development process as the way of 

working. The visual notations proposed by (Laurent et al., 2010) are also adapted 

accordingly to match this study’s context.  

4.3.2 Mapping Pigeon’s Work Activity Elements using Activity-based Framework 

In Pigeon, a production release involves activities to convert the release requirements 

into the working product. A single production cycle consists of several work elements 

that are mapped using the activity-based framework. In this mapping process, the 

software development activities discussed in section 4.2 are analysed and mapped to 

the elements suggested in the activity-based framework. Finally, an overview of the 

entire activity is presented amalgamating the mapped elements in a diagram. 
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Figure 4.6: Elements of Activity based Framework (Korpela et al., 2002) 

The visual elements presentation has three primary types: roles, sites and artefacts. 

Roles represent different kinds of stakeholders, Customers, Developers, Testers, 

Managers, Subject Matter Experts, Requirement Analysts, Local Spokes persons, and 

Users. Roles are depicted using Human shapes. There are three variants of 

stakeholders based on Multiplicity- One, Few and Many. Sites are represented by 

square boxes and have two variants, Single site and Multiple sites. The communication 

and relations between the elements are separated based on Co-location, Distribution 

and Access. Each relation is represented using a bi-directional arrow with different 

types of lines in between. The communication mediums are represented using 

common and well-known symbols and icons. The artefacts of the projects are depicted 

using the standard software engineering symbols. A summary of visual notations 

proposed in Laurent et al.’s work is shown in Figure 4.7. 
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Figure 4.7: Visual Modelling notations proposed by (Laurent et al., 2010) 

While presenting the actors and roles, Laurent et al.’s notations are enhanced by 

adding icons for Product Owners, Product Proxy, QA and other related stakeholders as 

shown in Figure 4.3. We have created notations for multiple teams and indicated their 

locations with their time differences from New Zealand Daylight Time (NZDT). The 

collocated and distributed elements are grouped and placed separately for clarity. 

These enhancements are reasonably performed to represent all the contextual 

elements and improve the readability of the notations. The visual notations of all the 

contextual elements will help to identify and highlight the coordination touchpoints 

within the work process.  

4.3.2.1 Object and Outcome 

The Object of the software development activity is the shared release goals (i.e. list of 

release requirements) upon which the actors perform their activities. The SD activity 

starts after release goals are finalised and allocated to the teams. The motive of these 

teams is to transform the shared object into an Outcome. In the case of software 

development, the requirements are the shared object based on which multiple 

development teams collaborate with each other to transform the requirements into a 

software release, i.e. the intended outcome of the activity. 
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4.3.2.2 Mode of Operations 

Mode of operation characterizes the way of operating the work as a whole. The mode 

might be collaborative, technology-driven or can be combined. In DSD, the activities 

are performed in a collaborative manner involving people from distributed locations 

which are apparent in this case. This distributed collaboration is facilitated by various 

tools and technologies; therefore, the mode of operation is both collaborative and 

technology driven. 

4.3.2.3 Actors and sites 

An actor can be an individual who perform their activities individually or a group to 

transform the requirements into a usable outcome. For example, in ASD, the product 

owners identify and share the product requirements, the developers write codes, the 

testers test the features and finally, the production/operations team releases the 

software for the customers. Each of the individuals, from the Product Owner to the 

Production team member, is an actor of the software development work. Each actor in 

the joint work might be part of a collocated team closely working together, might be part 

of higher management, or might be from part of a globally distributed group that 

occasionally works together. All of them are part of the actor group since their collective 

intention is to achieve a common goal. 

In Pigeon, the product development work is performed by multiple teams specialised in 

specific parts of the overall product; therefore these teams are the primary actors. 

There is a sixteen-hour time difference between the locations (i.e. NZ and USA) of the 

actors. Since English is the primary language in both sites, there are no language 

differences involved. The teams are working together for several years as the product 

is a mature one. Team C has three members who are working from different states of 

the USA. Other development teams have collocated team members who occasionally 

work remotely from home.  
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The feature enhancement requirements and prioritisation decisions are made by 

Product Owners (POs) who are located in different parts of Europe. The time difference 

with the POs is twelve-hour and six-hour with NZ and US teams, respectively. There is 

an NZ-based Product Manager (PM) who acts as the Proxy Product Owner for all the 

development teams. Much of the product enhancement ideas come from the Proxy PO 

and make the final calls for the priority conflicts between the teams. Once completed, 

the development works must be checked and approved by the QA teams before 

release. The QA Teams are distributed in three different sites in India and Japan, so 

the time difference ranges from four to eight hours with NZ teams.  

In summary, the actors of this development activities include Product Owners (POs), 

Proxy PO, Development teams and the QA teams. All the actors and their locations 

with their time zones are indicated in Figure 4.8. All the actors have specialised 

knowledge and expertise that are required in the development activity. They 

collaborate and coordinate their actions using mediating instruments to transform the 

requirements into a software release. 

4.3.2.4 Means of communication and coordination 

Since the actors are part of the collective work, they need to collaborate with others to 

perform their activities and finally, integrate them to form the outcome. The means of 

coordination and communication are used to coordinate each one’s work in the joint 

work process. Meetings, phone calls, division of labour, organisational rules, and 

schedules are some of the examples of means of coordination and communication. 

Both synchronous and asynchronous mediums of communication have been applied to 

coordinate between multiple sites. Synchronous communications are performed over 

meetings using Voice Conference calls. Teams also use other synchronous 

communication tools for internal communication. For instance, Team R uses Slack, an 

Instant chat messenger (IM), to frequently communicate and share their daily work 
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status that is being used in daily standup. Additionally, Email, WebEx, Jira and SMART 

tools are being used for communication and coordination between sites. 

4.3.2.5 Means of work or mediating instruments 

While working on this transformation process, actors use different kinds of instruments 

or means for their work. These means can be any material, e.g. tools, technology, or 

can be immaterial, e.g. language, skills, or theories. 

Examples of means of work and mediating instruments found in this case were an 

Issue-tracking system (e.g. Jira) and an electronic storyboard. Jira was used to share 

the requirements based on which teams were allocated specific requirements in the 

form of product enhancement user stories which were put back into Jira as Product 

Backlog items. The user stories were implemented in two-weekly sprints which were 

preceded by sprint planning activities. Daily standup meetings were used for regular 

coordination which was followed by sprint reviews and retrospectives. Along with 

Scrum artefacts such as product/release backlog, sprint backlog, and burndown charts, 

an electronic storyboard using Jira was also used to share and maintain the artefacts.  

Most of the project-related documents are shared using Confluence (wiki) where each 

team has its own workspace to create and share its knowledge resources. For 

instance, when Team R creates ‘How to’ documents to share details about new 

features, solutions of previous critical issues, and other important technical information, 

they can be updated by other team members. The Product Code is shared, and version 

controlled using version control software. Teams have their own branches along with a 

final branch for integration and production purpose. Besides, teams use other 

mediating tools for their software development activities, such as Docker for 

containerised work environments, and online tools for Retrospectives. 
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Figure 4.8: Elements of Distributed SD work activity in Pigeon 

Finally, we have accumulated and portrayed each of the elements of the Distributed 

Agile Software Development activity in Figure 4.8. All these elements need to fit 

together to complete the conversion of the release goals into a production release. The 

actors are represented using icons and notation of their roles or group names along 

with their geographical locations. The roles and groups of the actors are created by the 

organisation based on their specialisation. They perform their activities using means of 

work based on their assigned roles and division of work. Their collaborative work 

activities are harmonised by means of coordination and communication, which are 

shown using curved lines and arrows. The iterative development cycles depicted at the 
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bottom of the figure show the software development process used to transform the 

release goals into product releases which are elaborated on in the previous section. 

This high-level view of the activity supplements the coordination analysis presented in 

the next section. 

4.4 Overview of Coordination Process Analysis 

The analysis of the coordination process is crucial for this study since it focuses on 

understanding the dependencies and their coordination mechanisms; thus could 

evaluate their effectiveness in the DASD context. The framework consists of three main 

components: Dependency, Coordination mechanisms, and Coordination effectiveness.  

Before presenting the analysis of the case, the framework of analysis (first presented in 

Chapter 3, Figure 3.6) is summarised below:  

1) A dependency occurs when the progress of an action is dependent on the timely 

completion of another action/task, or the presence of a thing, where a thing can be 

an artifact or a person or a piece of information.  Dependencies are analysed 

based on purpose e.g. who, for what, and why. There are probable issues 

associated with the dependencies that could impact the outcomes, such as any 

forms of delay, misunderstanding, rework, technical debt, increased 

communication and poor-quality work output. The following tools are used to 

conduct the dependency analysis: 

a. Coordination theory (Malone & Crowston, 1994) to distinguish different 

types of dependencies in the SD process, 

b. Delay diagrams to analyse the delays caused due to dependency issues. 

2) Coordination mechanisms are used to address different types of dependencies 

that are identified in the process. A coordination mechanism could be an entity 

(person or artifact) or activity (practice or technique) used to manage a 

dependency. Additionally, identified mechanisms are further analysed based on 

the roles, format of the resources shared or involved, mode of exchange, 
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notification process, synchronicity and time sensitivity. While considering the 

quality of the mechanisms, four key aspects are applied: applicability (i.e. fit for 

purpose), timeliness, level of shared understanding, and shared awareness. 

The analysis of mechanisms includes investigating the activities either agile or 

non-agile practices, tools or artefacts or any other strategy that is evident in the 

interview data.  

3) The suitability and effectiveness of the coordination mechanisms are assessed 

by analysing whether the required resources (i.e. the right thing) are available at 

right time and at right place, and whether proper understanding is achieved 

about the desired outcomes (know why), current work process (know what is 

going on, who is doing what), individual responsibilities (what to do and when), 

the availability and location of the resources (who knows what and who is 

available). The decision rule applied to measure the effectiveness is that “Does 

the current coordination mechanism reduce or eliminate the dependency 

risks?”. We have presented an example of this evaluation process while 

discussing the case findings in Section 4.6. The purpose of these examinations 

is to get insight about the appropriateness of those mechanisms and, at the 

same time, identify factors involved in choosing the mechanisms.  

4) The selection of the coordination mechanisms depends on two types of factors: 

dispersion factors (time, spatial and culture) and task factors (uncertainty, 

complexity and duration) that have impacts on the selection and quality of the 

coordination mechanisms. 

Using this framework, the dependencies, mechanisms, and challenges are analysed in 

relation to the overall SD process and factors that impact coordination performance are 

identified.  

The analysis helped in locating the critical coordination areas within the SD process. In 

this research, the criticality of coordination is measured using three factors: the number 
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of dependencies per development cycle, the number of teams and globally distributed 

sites involved, and probable risks. It is obvious that a high number of 

interdependencies involving a higher number of resources would require a high level of 

coordination efforts (Dietrich et al., 2013) which creates difficulty in effective 

management of all the dependencies. Besides, global distribution reduces overlapping 

work hours and opportunities for informal communication between the parties, which 

complicates dependency management; hence considered a cause of criticality in 

distributed coordination. Another criterion for criticality is the number of risks involved in 

the dependency. If a dependency possesses a number of vulnerabilities that have the 

potential to cause high impacts, e.g. delay in the downstream work or release or 

feature delivery, then it is considered a potential risk; hence categorised as a critical 

dependency. The key dependencies are identified using these criticality factors, which 

are followed by the coordination mechanism analysis. An overview of the analysis 

process is illustrated in Figure 4.9 and the findings of this analysis are presented in the 

following section. 

 

Figure 4.9: Steps of the coordination analysis process 

 

4.5 Findings of the Coordination process analysis 

The dependencies are classified into two main categories: Critical and Non-critical. As 

discussed at the end of the previous section, critical dependencies are associated with 

probable high impacts, if they are not managed with effective coordination 

mechanisms, whereas non-critical dependencies do not.  
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The critical dependencies in the SD process are illustrated in Figure 4.10. Each 

dependency is presented with its description, justification of categorisation, and 

possible impacts with examples in Table 4.3. 

 
 

Figure 4.10: Critical Dependencies within the DASD process 

4.5.1 Dependency 1: Work output dependency between Development Teams 

Several issues related to lack of knowledge about other development teams’ activities 

led to unrealistic expectations between the teams. The following sections present a 

deeper analysis of the dependencies and coordinating activities related to the 

interdependency between development teams. 

4.5.1.1 Dependency Description: 

In this dependency, the work progress of one team relies upon the timely completion of 

work done by another team. For example, whenever a development team needs 

access to data related to any feature or product enhancement, they cannot proceed 

with their work until Team R complete its work is completed. This dependency is well-

illustrated in the PSM1’s statement 

“On the other end is we delivered software and then another team relies on, and they 

have issues how do we interact with that team.” (PSM1) 
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This was categorised as a ‘Pre-requisite’ work dependency since other teams rely on 

Team R’s work completion to be used for other tasks. It was later categorised as a sub-

type of “work-output dependency” based on the coordination needs between the work 

progress of teams’ development activities, i.e. the work progress of other development 

teams relies on the timely completion of Team R’s development work. 

 

Figure 4.11: Dependency on Data Replication Service 

This work-output dependencies can exist in any phase of the SD process, and they 

have potential high impacts the downstream work progress and release delivery 

activities in globally distributed teams; therefore, it is categorised as a high-risk 

dependency. As previously described in the system architecture, Team R is 

responsible for facilitating all types of data required by different modules for their 

functionality (See Figure 4.11). When data is requested, Team R must first complete its 

data replication work before other teams can access that data through the replication 

service. Until Team R finishes their coding and testing, other teams cannot complete 

their development and testing activities. The following scenario illustrates the 

complexity of this dependency and its potential impacts of this dependency. 
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Figure 4.12: Work-output dependency between Team R and Team FT 

For example, while working in the front-end services, Team FT needs to call a backend 

service that collects specialised data from the database and loads it in different parts of 

the systems which are then available for presenting in the front-end module. Since the 

existing service does not provide that specialised data, Team FT needs some changes 

to be made in the replication service side that is managed by Team R. In this situation, 

the dependency requirements are: 

• Team FT’s work progress depends on Team R’s timely work completion 

• Team R relies on Team FT to inform about the need of work 

• The nature of Team R’s data replication work depends on information from 

Team FT 

Team FT needs to communicate the work requests through the proper channel. Prior to 

starting the work and during their work, Team R requires additional information from 

Team FT, such as what features they are working on, what kind of data they require, 

what format the data needs to be in, by when and how it wants access to the data, and 

so on.  

In Figure 4.12, Point A represents the latest time for Team FT to be able to use the 

work output from Team R that should be completed before that point, in order to 

prevent blocking the progress of Team FT’s work. Teams need to share work updates 
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regularly and coordinate the information exchange required for the timely completion of 

work by both sides. The prescribed scenario represents the work-output dependency 

on Team R, which was the most common type of dependency observed in the SD 

process. The next section presents further analysis of the persistent issues and 

impacts related to this dependency. 

Table 4.4 presents examples with evidence from data illustrating different types of 

work-output dependencies on Team R. This table briefly describes each of these 

dependencies and explains why it is categorised as a work-output dependency. 
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Table 4.3: Summary of Key Dependencies in Pigeon 

SL# Dependency Dependency Description Impact Explanation/justification 

1. Work-output 

dependency 

between globally 

distributed teams 

The work completed by Team R is needed 

for another team to complete their work. 

For example, Team FT cannot proceed 

with their front-end development until the 

data replication work in completed by 

Team 

Interruption of work will create delay as 

Team R does not has any plan for the 

work need. 

Possible work delay for: 

Team R, if they accept requests during 

the sprint and delay their work, 

Other teams if Team R continues their 

work. 

Both teams, if Team R accepts the 

work but will take longer to finish due to 

work complexity 

Another team needs the work from Team R to 

complete their feature development and the 

delivery of the feature is blocked for the work 

from Team R. 

(PSM1) says, “…you're trying to do some feature 

that you haven't talked to us about, its 2 or 3 

weeks and you need our help. so it is not going to 

deliver because of us” (dependency issue) 

2. Dependency on the 

Dev. Manager 

Team R members extensively depend on 

Dev. Manager for expertise knowledge that 

is required to perform activities and 

decision-making. 

A high volume of debugging work relies on 

Dev. Manager. 

Availability and responsiveness of the Dev. 

Manager is crucial for decision-making and 

task allocation. 

Possible Knowledge Acquisition 

bottleneck at Dev. Manager. 

Local knowledge and debugging 

capability get siloed to Dev Manager. 

Dev manager being overwhelmed with 

firefighting to the detriment of team 

Nurturing. 

Being the central source of domain and expertise 

knowledge, the DM is creating high risk of single 

point of failure that has possible impacts in 

decision making and task allocation. 

3. Inter-module code 

dependency 

Replication and Communication modules 

have high overlapped functional areas that 

create a critical technical dependency 

between Team R and Team C 

Work output from either side has a roll-

on effect on other modules that can 

cause bugs. 

Delay in downstream work due to bugs 

raised from other side code 

Code changes made in other module is creating 

bugs that are blocking the deployment of features 

or critical customer bug fix. 

(PDV1) says, "Sometimes other teams’ bug 

which causes our stuff to break and then we get a 

lot of bugs, but it’s all one cause of other team's 

issue. Sometimes you can't deploy your fix' 
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4. Work-output 

Dependency on 

Testing and QA 

Testing and QA activities have strong 

work-input and work-output dependency 

that has implications for the overall work 

output of Team R 

Inconsistent work cycles have a high 

potential to delay work completion that 

can lead to under-delivery and poor-

quality work-output 

Possible activity bottleneck at the Solo 

tester 

The work output of the Tester ensures the work 

quality of the developers (i.e. work-input for local 

tester) is good enough to go to the next level (i.e. 

work-input for QA) and the QA ensures the 

developed features are releasable. 

(PDV4) says, “The local tester is testing 

thoroughly all the technical works, a bit low level. 

After it’s passed, we are confident about what we 

did is correct. then we are giving it to the other 

testers (offshore QA & integration testers)” 
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Table 4.4: Work-output Dependency categorisation 

SL# Secondary level 
coding 

Primary Coding Dependency Description Example Evidence from transcripts 

1 Work-output Review work The work completed by Team R needs to be 

approved by another team; otherwise the 

work progress is blocked (i.e. work cannot be 

submitted to QA) 

"we delivered software and then another team relies on, and they 

have issues how do we interact with that team.  and then when it 

needs to be documented and we have to talk to someone of them to 

get it approved and final step is actually the QA" 

2 Work-output Ad-hoc work Another team relies on Team R to do some 

work that is required for their work 

"ohh.. you're trying to do some feature that you haven't talked to us 

about, its 2 or 3 weeks and you need our help. so it's not going to 

deliver because of us. That’s not really fair, because you didn’t tell us 

about this upfront." 

 

"whenever anyone's got any problem or they want something done, 

you suddenly get something someone contact you or Reuben would 

say" 

 

"When someone comes into something and I say, how long have you 

been doing this? This impacts us and you should’ve including us for 

the past six months. If you not being successful, is because you are 

not talking to us." 

3 Work-output Support work Other teams require support from Team R to 

resolve their production issues 

"if someone has a production issue they've come to for help." 

4 Work-output Data Replication Development teams rely on Team R to 

facilitate data that is being consumed by the 

feature they are working on 

"The Replication Service is core and like if other product or software 

need some data, so we provide that. Definitely some enhancement is 

going on some other product and they need some data. we have to 
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make sure that by doing some coding." 

5 Work-output Bug Fixing Team R and Team C depends on each other 

for their development works because of the 

multiplexing effects of their work  

"I guess there' a sort of connection between the online-offline but we 

do it on top of framework, and Team C I guess take the other half... of 

the backend service"  

 

"Generally, we get their bugs and they get our bugs. " 

6 Work-output Pre-requisite work 
 

"there's parts that you don't touch, and you've got to feed into another 

team. Like You guys need to fix this part, and then we can do that" 

 

"On the other end is we delivered software and then another team 

relies on, and they have issues how do we interact with that team." 
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4.5.1.2 Dependency Issue & Impact 

One of the key issues associated with this dependency is the coordination of teams’ 

unexpected and uncertain work-specific expectations, i.e. lack of knowledge about the 

work that needs to be completed by a team that is required by another team to proceed 

with their work. For example, in the above scenario, Team R was not aware of the 

need to do work for Team FT until they were stuck and urgently needed the work. 

Hence, Team R faced difficulties in managing unanticipated requests during the sprints 

from other teams. In order to address this, Team R either has to interrupt its own 

scheduled work at the cost of its release goals; or create a delay in the progress of 

Team FT’s work. This highlights the potential risks of delay in either situation due to a 

lack of knowledge about the work requirements. 

On the contrary, Team FT did not inform Team R in advance about the work 

requirements because of the lack of awareness of any coordination needs until the very 

end when they were blocked.  “You need our help. so, it's not going to deliver because 

of us” (PSM1), i.e. Team FT needed some work output from Team R before the 

features under development could be released. The reason for this issue is that Team 

FT did not perform the stakeholder analysis to identify the work needed from other 

teams. If work requirements were identified well ahead, Team FT could have 

communicated with Team R to give them enough lead time to plan and coordinate the 

work requests from Team FT.  

Three possible scenarios are used to illustrate the impacts of this unanticipated 

dependency between multiple development teams. 

i. Team R accepts the delay 

ii. Team R transfers the delay 

iii. Team R delays to complete their work 

 

i. Team R accepts the delay 
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If Team R decides to temporarily stop their work by accepting a work request from 

Team FT, the impact of delay on Team FT is minimal. However, this will create a 

delay in Team R’s own scheduled work that might result in a delay in delivering 

customer feature/bug fixing (as shown in Figure 4.13). This situation is termed as 

‘Delay Accept’. In most cases, Team R accepted such requests and took extra 

load on top of their own sprint tasks, which implied poor quality in their output 

leading to rework and further delays. 

“And the technical people, who've been here, if someone has a production issue 

they've come to for help. If [DM] isn’t taking a lot on his shoulder, who else is 

gonna do it, is what he says. Which is fine up until the point when product 

management go over up that [DM] and his team hasn't delivered this thing, why 

not?” [PSM1] 

 

Figure 4.13: Example scenario of 'Delay Accept' for Team R 

ii. Team R transfers the delay 

If Team R decides to continue with their own work first, it will delay Team FT’s work. 

In this case, Team R is transferring the delay to the other side and Team FT has to 
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wait until Team R is ready to accept their work. This is termed as ‘Delay transfer’ as 

illustrated in Figure 4.14. 

 

 

Figure 4.14: Example scenario of ‘Delay Transfer’  

This situation was described in frustration by Team R’s Scrum master when 

another team requested some tasks from Team R which they were not aware of, 

“…ohh you're trying to do some feature that you haven't talked to us about, its 2 or 

3 weeks and you need our help. so it's not going to deliver because of us” (PSM). 

She indicated that it was a difficult choice for Team R to either accept in current 

sprint or defer for future sprint. Deferring the request meant delaying the delivery of 

other team’s features whereas accepting the request would interrupt their own 

delivery goals and schedules.  

 

iii. Team R delays to complete their work 

At times, Team R could not complete the work that was needed by another team on 

time which complicates the situation. For example, while Team FT is waiting for 

Team R to finish their development activities, there might be unexpected delay for 

several reasons, For instance, on several occasions works that were initially 

categorised as small, often turned out to be much bigger because they had 

misjudged the complexity of the work. 
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“Sometimes it easy and we can do it easily, but sometimes, it comes back as a 

bigger piece of work, and we've got to prioritisation choice, or you have to decide. 

We've got three more weeks to release, we can do everything we're in the middle of 

or we can drop it off”. (PDV3) 

In such situations, Team R needs additional time to complete their work which will 

keep the other team waiting. This could lead to two types of potential impact,  

a) In Figure 4.15, Team R finished their work and delivers the output at Point B 

which is past Point A. From point B, Team FT cannot complete their work 

within the deadline. Team FT must drop the work of this feature and plan to 

include it in a future release. 

 

Figure 4.15: Possible Delay scenario for work-output dependency between Team R & Team FT 

b) In Figure 4.16, where Team FT receives the work output from Team R at Point 

B, and they have a very short period to complete the remaining work. If Team 

FT decides to continue their work, they must speed up their development to 

meet the sprint deadline. In such a case, the team has to trade off the quality of 

the work with on-time delivery of sprint items. Poor quality works generally 

results in unstable system performance and often generates bugs and 

potentially creates technical debt (Salaou et al., 2020). 
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The root cause of the issues discussed above highlighted the lack of an effective 

mechanism for early identification of work required from Team R, i.e. Team R does not 

have any prior knowledge about the work needs of other teams, sometimes until very 

late when the delays become unavoidable.  

“Before we didn't know what’s other team were doing, until they have been blocked by 

us. it takes a while to figure out the problem, to then introduced the effects and then to 

get buy in.” (PSM1) 

 

 

Figure 4.16: Possible scenario for Technical Debt resulting from this dependency 

To avoid the impacts of a situation when there is a delay in Team R’s work completion, 

there should be a mechanism through which Team FT can get regular updates about 

Team R’s work progress. Team FT will also get early notification of any possible delay 

due to any blocker in Team R side work. Accordingly, Team FT can take necessary 

measures to reduce the delay, such as communicating with Team R to know the issues 

they are facing so that they can work together to address the issue. 

Using the above scenario, four kinds of delays resulting from this dependency can be 

anticipated: 
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• Delay 1: Possible delay between Team FT being aware of its need for Team R 

to do work and the time Team R is informed is 1 to 7 days. 

• Delay 2: Possible delay time from Team R being informed and starting the work 

is 1 to 2 weeks. 

• Delay 3: The time for Team R to start and finish the work (including testing) is 2 

to 3 weeks. 

• Delay 4: The time between Team R finishing work and Team FT releasing is 1 

to 2 weeks. 

The root cause for the delay 1 and possibly for delay 2 is the interval between the 

weekly coordination meetings (i.e. Tech sync meeting). Since Team R does not have 

any early awareness of Team FT’s work, it is challenging to promptly fulfil their request. 

Other factors such as complexity of the work, time differences, responsiveness from 

Team FT side, availability of the DM, and decision making can delay the 

commencement of the required work till the next sprint (i.e. 2-3 weeks considering two 

weeks sprint) as portrayed in Figure 4.17.  

 

Figure 4.17: Example scenario for Delay 1 & 2 

4.5.1.3 Analysis of coordination mechanisms  

The weekly group meeting, termed as ‘Tech Sync’ meeting was the primary 

mechanism used coordinate the inter-team work-output dependency. This meeting was 

conducted via a conference call where both local and distributed development teams 

participate and share their work needs or issues that requires work from other teams. It 
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serves as an mechanism for coordinating the needs and issues of distributed teams, 

negotiating their work requirements and priorities, exchanging required information and 

progress updates. However, there is no mechanism available for early detection of 

dependent works and in most cases, teams communicate with Team R only when their 

work is blocked. As a result, Team R struggles to accommodate the Ad-hoc request in 

the ongoing sprint leading to delays as discussed above. 

Email and Jira are other forms of mechanisms used to coordinate with Team R for any 

work request. The DM receives most emails and notifications of Jira tickets and 

decides whether to ‘accept delay’ or ‘transfer delay’. However, this decision making 

was quite challenging due to lack of participation of other teams. The DM disclosed that 

the teams never communicated their needs or responded to queries until it was too late 

to meet their deadline. Each team has their work priorities for the release goal that 

creates impediments for any ad-hoc request to get prioritised. Due to the information 

exchange complexity and competing work priorities, there is high possibility of 

frustrations between teams and delay in work progress that can impact the planned 

release. In some extreme cases, the PM was involved to cut through the tensions by 

deciding the work priorities between the teams. 

4.5.1.4 Challenges 

The primary challenge identified for this work-output dependency is the communication 

between development teams. Due to the time difference, it is difficult to initiate and 

maintain continuous communication between distributed teams. For example, there is 

a range of 12-16 hours’ time difference with Europe and US based teams which 

provides a small amount of overlapping work hours. The SM of Team R shared the 

challenges associated with e coordinating with a team in Poland when the Poland team 

had to wait till 8 pm to participate in a meeting with Team R (7 am NZT), and the 

meeting lasted for two hours call to solve the issue. 
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Another articulated challenge in communication was the rigid mindset of the 

development teams towards thinking that how their work affects other teams. While 

talking about the coordination challenges, the Scrum Master brought up this issue and 

said, “we had a list at the start of the release, we think it will impact them and contact 

them. ‘ohh no no, we don’t need you that’s fine’. Are you sure?... that’s cool okay.” 

However, Team R’s anticipation was correct, and other team realised the impact at a 

later stage, and said, “ohh you did…”. Due to this poor mindset, other teams were not 

aware of any potential work impact from Team R, and even though Team R proactively 

notified, they did not collaborate until they need it. It was difficult to force teams to think 

of any potential work dependency at the start of any release or sprint which created 

pressure on Team R and produced a high risk of coordination breakdown. 

Miscommunication is another perceived challenge resulting from the communication 

channels and language barriers that was creating frustrations among the teams. The 

conference calls and emails are the primary communication channel used in this case 

that lacks the physical expressions. Due to the lack of face-to-face contact between the 

teams, participants do not know how other parties look like which makes them feel 

isolated, and hence, do not want to engage in the conversation. 

“If you pursued someone to come to a meeting that they don't know people, they don't 

know what’s gonna happen and you spend 50 mins, definitely on my toes, then you 

don't get to conversation, or they go, that was a waste of my time.” (PSM1) 

While observing the distributed team coordination meetings (listed in Table 3.3 in 

Chapter 3), we felt the same as it was hard to identify the person talking from the other 

side. The audio quality and peoples’ accents were making it difficult to understand the 

importance or priority of the work and they end up not giving enough time to solve any 

conflict. Participants also reported that the difference in terminology used in email is 

also contributing to creating misunderstandings that can delay the work progress. For 

example, the DM mentioned an email he received by saying,  
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“I've got these jobs that I'm trying to run in parallel, right? Okay, what do you mean by 

jobs?... Because it wasn't quite clear, it didn't make sense what they were saying’ 

(PDM) 

Since the intention or the problem was not clearly mentioned, the DM had to continue 

the email conversation further until he realised that “there was a misunderstanding of 

how the system works. And I was able to clarify it” (PDM). Besides, this slow and 

continuous email communication was interrupting the flow of work which was another 

challenge faced in the distributed coordination. 
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Table 4.5: Summary of Dependencies on Dev. Manager 

Process Activities 

Dependency 

Knowledge Resource Activity 

Requirement  Expertise  Task Decision-
Making 

Authority 

Entity Work 

Requirements gathering √    √  

Requirement processing √ √   √  

Assign to team √  √    

User Story creation √ √    √ 

Stakeholder analysis √ √ √    

Sprint Planning √ √ √  √ 
(High) 

√ 

Task Allocation to 
members 

  √ (High) √ (High)  √ (high) 

Development  √ (High) √ (High)   √ (High) 

Daily Standup √ √ √ √ √  

Acceptance Testing √  √ √   

QA √  √  √  

Regression and Integration 
Testing 

√  √  √  

Deployment √  √ √ √  

Bug Identification       

Bug Reporting       

Bug Reviewing & 
Processing 

 √ (High) √ (High) √ (High)  √ (High) 

Bug Categorising  √ (High) √ √ (High)  √ (High) 

 

4.5.2 Dependency 2: Dependency on the Development Manager 

Throughout the interviews, a recurring theme brought up was the central importance of 

the DM for several key process activities in the development and bug fixing process. A 

deeper analysis of the dependencies and associated coordinating activities revealed a 

complex system of knowledge, work and decision activities that relied heavily on the 

availability of the DM at the time of need. While it was not identified as an immediate 

issue because the DM was highly available at the time of the interviews, the sheer 

volume of dependency on this one person that has been identified signals a clear risk 
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with a potential high impact on work. The following sections present a deeper analysis 

of the situation to understand the breadth and depth of the dependency risks and 

suggest some ways to improve it. A summary of the dependencies identified on DM is 

presented in Table 4.5. 

4.5.2.1 Dependency Description 

This was identified as a key dependency since the progress of the development and 

bug fixing activities strongly relies on the timely decision and work output from the DM. 

This dependency can be further categorised according to purpose as knowledge, 

resource and activity. 

The DM is the sole person who has knowledge of the various tasks and the skills and 

availability of team members. Therefore, a large amount of task allocation decisions 

related to bug fixing, work reviews, prioritisation, and assignment of team members are 

made by him. All the work requests from both local and global teams are also solely 

handled by the DM. Because of his strong product and task-specific knowledge, DM is 

the sole authority who makes decisions based on the triage of the problems to 

determine the criticality of the tasks and potential impacts on the clients. Having the 

high degree of authority and essential knowledge, the DM turned out to be the key 

resource person for the team. 

The DM has gained strong product knowledge and expertise over a very long period on 

product features, internal architecture, functionalities, and inter-module dependencies 

required to do core coding and testing activities. Therefore, almost all team members 

rely solely on the DM for several development related activities (e.g. coding, testing, 

bug fixing) – see Table 4.5. Though some are familiar with the issue, they still depend 

on and wait for the DM to make decision as stated by one of the developers, 

“sometimes I am not familiar and sometimes I know what the issue is but don’t know 

how to solve it… and he might say that doesn't matter or you can shortcut” (PDV3). 
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Most team members felt that the DM can make fast and effective decisions to solutions 

due to his deeper understanding of the source of the issue or problem. Similarly, he 

also responds to product specific queries or issues from distributed teams. For 

instance, as part of his regular communication with global touchpoints, DM replies to all 

the queries of the ‘e-support’ team located in India and Japan.  

There is also high volume of activities that are solely dependent on the DM at any 

given point of time. For example, DM solely handles majority of the bug fixing and 

support activities which represents 50% of Team R’s workload. Since the team has a 

strong commitment of initial response (i.e. 24 hours) and solution time (i.e. 3 days from 

the issue creation), the team heavily relies on the DM for timely completion. 

This high level of dependency on DM warrants continuous availability and 

responsiveness for proper coordination. Though there are no specific issues to 

coordination per se, the strong dependence on a single person not only puts a large 

amount of stress and pressure on the DM, but it also poses real risks related to single 

point of failure and breakdown. 

4.5.2.2 Dependency issue & Impact 

Several dependencies related to development and bug fixing are shown as high risk in 

Table 4.5 as they either have significant impacts on causing delays or have the 

potential to cause delays if not properly managed. Being the prime task and expertise 

knowledge resource in the team, the DM needs to respond in a timely manner to many 

incoming requests, which creates a high risk of delay in knowledge acquisition. For 

example, as part of the role description, the DM says, “part of it is very technical 

component, and that's why tend to be come through me to have a look at the problem, 

I break it down and then they go down to the team”. Therefore, if there is a confounding 

part of the task which is unclear or needs solution advice from the DM, all the 

developers and tester will ask the DM. As it is difficult for DM to instantly respond to all 

those requests, this could create delays in getting the necessary information. 
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In addition to the dependencies discussed above, the DM serves as the channel of 

information exchange between his team and external entities such as top management 

and other development teams. He filters unnecessary details and disseminates only 

important information that is relevant to the team, “he's the main gate, I suppose you 

could say. and everything comes in and he will filter out all the crap and condense what 

we need to look at" (PDV2). Besides, Team R members do not have adequate 

knowledge about external teams, for example, what other teams are doing, the specific 

expertise of each team, and how their work is interdependent. Due to a lack of such 

knowledge, they must rely on DM to identify and locate any needed expertise outside 

the team and then communicate with them. 

All the issues discussed above create a knowledge acquisition bottleneck situation, as 

shown in Figure 4.18. Knowledge acquisition is the process through which domain-

specific knowledge is extracted from a knowledge resource (e.g. human expert) to 

solve any problem in an expert system’s development (e.g. software product, which 

can turn into a bottleneck due to relatively narrow bandwidth of knowledge transfer, 

acquisition delay, knowledge dissemination trap (Wagner, 2006). Such a bottleneck 

situation is considered to be a threat to effective team coordination in global software 

development (Anh et al., 2012). 

“[DM] explains what needs to be done in that particular sprint” [PDV3] 

“If any requirement is not clear then I ask to [DM]” [PDV3] 

“If there's any confusing part which is unclear, then definitely I go to [DM] and he 

mostly knows everything” [PDV3] 

The above statements made by one of the developers clearly indicate the high 

knowledge dependency on the DM. Other participants shared similar statements, that 

prove that there is a potential risk of a knowledge acquisition bottleneck, which will 

significantly impact the tasks of the developers and testers. For example, if the DM is 

unavailable or low responsive to answer the queries or provide details about a user 



Page 190 

story, developers would rely on presumptions to meet the tight task schedules. Due to 

the lack of details, there is a high probability that the presumptions will be incorrect, 

which would result in serious consequences. By the time the problem/issue is correctly 

identified, it might be too late or very close to the end of the sprint. Another sprint may 

be necessary, which will require additional time and effort (a form of delay). Similar 

issues can arise in testing where the test cases are not correctly identified, causing 

additional work delays. 

 

Figure 4.18: Possible Knowledge acquisition Bottleneck on Development Manager: 

Another issue at the bug fixing and support work is due to high amount of decision 

making and task allocation dependency on DM. As previously discussed in section 

4.2.2, DM is solely responsible for reviewing all incoming bugs, categorising, and 

assigning them to the team that creates significant risk of delay due to his unavailability 

or low responsiveness - team members can only acknowledge the receipt of the bugs 

but cannot act on them until the DM is available to review and take further decision. 
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Figure 4.19 presents a scenario that illustrates a potential delay of one to three days in 

the bug fixing process due to the unavailability of DM. 

 

Figure 4.19: Possible range of delay in Bug fixing due to unavailability of DM 

The first timeline shows the possible work cycle in a typical three-day ticket supporting 

process when the DM is available. The second timeline shows exemplar delay of one 

day in bug review, categorisation and task assignment cycle that cannot proceed due 

to DM’s unavailability. Additional delays can result in due to time zone differences with 

the Integration and QA teams which is 4 hours and 7.5 hours difference respectively 

between NZ-Japan and NZ-India. The above exemplar scenario shows an estimated 

delay ranging from one to three days due to the availability and response time issue on 

both sides. 

In addition, the significant amount of workload as a solo decision-making and task 

distribution authority creates extensive pressure on his role as line manager that has 

obvious impacts both on his and the teams’ performance. The DM is responsible for 

the performance evaluations of staff, their professional development, and team 

management activities. The DM is overburdened due to his multiple roles as team 

representative, decision making authority and as the central expertise in the team, 
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which allows little room to monitor and investigate team’s performance. Evidence from 

the interview data shows that Team R does not conduct regular ‘Retrospective’ 

sessions as they don’t have enough feedback available to share or discuss. The DM 

primitively decides about the performance of the individuals and the process which is 

then shared individually or in a group session. Though it seems more like a 

performance evaluation session rather than retrospective session, the session 

highlights the discrepancies in the current team management process, which is 

detrimental to team nurturing. Since the DM is overburdened with loads of activities, 

there is a high chance of burnout which will significantly impact overall team 

performance. 

One of the main reasons for the DM’s overwhelming amount of bug fixing and support 

workload could be attributed to the lack of clarity in the distribution of development 

resource. Firstly, as there is no specific metric to measure the incoming work requests 

for Team R, the distribution of work resources to fulfil the demands is not always well-

balanced. For example, though almost 50% of the workloads are bug related and 

support tasks, only one out of the four developers are assigned to work with the DM. 

Therefore, It is presumable that the 3 days strict issue resolution commitment, primarily 

relying on the DM, is overpromised that could lead to single point of failure. Secondly, 

we could not find evidence of any kind of analysis conducted by the team or DM to 

identify the reasons to prevent or reduce the large amounts of bugs and support tasks. 

The problem also came us in his statement when the DM says, “One thing I have been 

missing is a sort of analysis of different cases”. He further described the analysis as 

verifying the quality and impacts of all possible solutions to select the best one. Since 

the impacts of the solution “normally comes out later” as an issue that might require 

additional work to fix that. The code review session is another point when this kind of 

analysis and understanding is done, however, a deeper analysis should provide a 

better solution to reduce future bug occurrences. Reduction in the amount of bug-
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related tasks would potentially help in cutting down the workload on the team, 

particularly on the DM, and will create opportunities for efficient team management. 

4.5.2.3 Analysis of coordination mechanisms  

The DM is extremely responsive and physically available for most of the local 

coordination needs; therefore the dependencies are managed without any issues. 

Besides, a variety of coordination mechanisms are used to manage the dependencies 

on the DM. For example, the scrum coordination meetings such as daily standup, sprint 

planning, sprint review, and sprint retrospective meetings serve as points of information 

exchange with local team members. The code review and test case review sessions 

are also useful mechanisms used to share expertise knowledge and develop shared 

understanding. Apart from these meetings, team members personally communicate 

with the DM for any kinds of information regarding their tasks and issues. These 

informal face-to-face meetings are effective to manage knowledge and resource 

dependencies. 

“If I can't understand any specific area, I will go to [DM] and ask him. Then he will guide 

me and give me some starting points then we can resolve” [PDV4] 

Emails and conference calls are the main mechanisms used by the distributed teams to 

coordinate with the DM. Weekly meeting conducted over conference call is another 

coordination mechanism where distributed teams discuss issues and make decisions 

by consulting with the DM. 

4.5.2.4 Challenges 

Though the above coordination mechanisms are currently working well, their 

effectiveness are dependent on the DM’s availability and timely responsiveness, which 

is a real risk of coordination breakdown and a single point of failure. Reduced 

availability in case of knowledge and entity dependency, or poor responsiveness in 

decision making and work completion will have significant impacts on the timely 

completion of tasks. Such impacts are further amplified when it involves distributed 
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teams (time zone differences) and there is a high volume of information and time-

critical decisions that strongly rely on the DM. Due to the complexity of this work 

dependency, impacts such as delays can have a snowballing effect when multiple 

teams are involved, and the work of those teams might impact other teams and so on. 

There is no evidence of such impacts in the current process because the person is 

taking a lot on his plate. However, this critical dependency situation is not sustainable 

for effective coordination. 

Emails are also prone to miscommunication due to a lack of the level of shared 

understanding and language used. Conference calls are not effective due to a lack of 

body language and emotions which makes it difficult to engage and feel isolated.  

“It's harder because you can't see them, I can't look at them, and tell and read them in 

any sense.” [PSM1] 

4.5.3 Dependency 3: Inter-module code dependency 

Another predominant dependency that was identified relates to high functional 

overlapping between modules, for example, between replication and communication 

modules due to the cascading dependency effects of the code changes made in one 

module on the others. A deeper analysis of the dependency to understand the 

associated issues and challenges is presented in the following sections.  

4.5.3.1 Dependency Description 

Inter-module dependency occurs when the changes made in one service module 

impacts the functionality of other dependent modules. As previously described in the 

product architecture in section 4.1, strong inter-relation exists between different 

services due to the logical structure of the data. This relationship leads to the 

cascading dependency situation where changes in one service module may have 

effects on services in other modules. Since each team is responsible for a single 

service module, the module inter-dependency leads to reciprocal dependency between 

teams. For instance, Team R has the most severe form of code dependency with Team 



Page 195 

C located in US because of strong overlapping in the service level functionalities, “we 

do it on top of framework, and Team C I guess takes the other half... of the backend 

stuffs” (PDV1).  

This dependency can be further categorised as a ‘Technical’ dependency since both 

the teams depend on the technical aspects of the backend services that should 

complement the changes on each side. This inter-module code dependency has a 

domino effect on several parts of the product development process and in most cases, 

in the form of bugs that may impact the work progress of different teams. For example, 

a code change in one module that is linked to other modules could potentially break the 

build that can block the integration of the respective team’s work output. This is a 

global dependency situation that requires efficient collaboration to avoid coordination 

breakdowns. 

4.5.3.2 Dependency issue and impact 

This dependency has a high potential to hinder the work progress of multiple teams 

and create significant delays in the overall development process. The majority of the 

study participants reported that a lot of bugs that they handle often resulted from a 

single change made by Team C. Since Team R and Team C work in the functionally 

overlapped modules, code changes on either side could potentially break each other’s 

build. 

"Sometimes other teams’ bug which causes our stuff to break and then we get a lot of 

bugs, but it’s all one cause of other team's issue. Sometimes you can't deploy your fix' 

[PDV1] 

The criticality of such a bug is that it is difficult to detect whether the bug is created by 

the changes made by their own code or by others. In some cases, it took several days 

to detect the issue, only after which the team can communicate with Team C and then 

start resolving the bugs – this blocks the ongoing work progress and create delays. 

Moreover, since most of these bugs are coming from the US-based Team C, 
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geographical and temporal aspects can create additional delays. Some participants 

conferred that it might be easier to fix the bugs if the team was co-located. The difficulty 

involved in solving the bugs by coordinating with distributed teams is illustrated using 

an example below where the delay can range from 3-4 days (shown in Figure 4.20). 

 

Figure 4.20: Example delay scenario because of inter-module dependency 

The delay caused by this reciprocal dependency has several impacts. Firstly, if 

identification of the root cause takes longer, then communicating with distributed team 

and solving the bugs requires additional time. This will impact the release schedule and 

can result in under delivery of release goals. Secondly, it can cause delay in fixing 

client issues. Code changes made by other teams’ can cause unanticipated bugs in 

Team R side resulting in breaking some of the working features – this can further 

prevent Team R from deploying their code changes to solve critical client issues. This 

delay potentially prolongs the client-side interruptions and severely impact the 

organisation’s reputation. 

The two primary reasons that contribute to this issue are: 1) lack of understanding 

about the code inter-dependency and 2) lack of awareness of possible impacts across 

the development teams and their members. Developers do not understand the 

correlations between the module and services, and hence, could not anticipate the 

possible effects of any code changes on other sides. While the lead developer 
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acknowledged the significance of this understanding (that it would make the developers 

more confident about their changes), he also recognised that the size of the product 

made it difficult to capture all the interdependencies. Moreover, Team R members do 

not know what other teams are working on and how their work may impact other teams 

work until they face a specific issue,  

"We didn't know what’s other team were doing, until they have been blocked by us. it 

takes a while to figure out the problem, to then introduced the effects…". (PSM) 

4.5.3.3 Analysis of coordination mechanisms  

Several coordination mechanisms are used to support this inter-module code 

dependency. Few mechanisms, such as scheduled and Ad-hoc team synchronisation 

meetings, facilitate the development of shared understanding about the inter-module 

code dependency and other teams’ work activities, and the rest, e.g. email, Jira, are 

used to communicate and collaborate to resolve any issues caused by this 

dependency.  

Weekly ‘Tech Sync meeting’ is the primary mechanism used to synchronize between 

the development teams to share their work activities and collaboration needs. The 

meeting provides an opportunity for the team members to know what other teams are 

working on, their expertise and how their work fit into other team’s work, which helps 

them to understand the impacts of the changes they made. It also helps to raise issues 

that may require the involvement of other teams. Since this tech sync meeting is 

conducted using conference call and screen sharing, the key challenge of this 

distributed coordination mechanism is to maintain continuous attention of the 

participants. If it is not of their interest, people are less likely to pay attention to what 

other teams are talking about and as a result, fail to capture other team’s activities and 

expertise that will help to resolve inter-related work issues.  

Email and Jira are the secondary methods of communication to gather information 

about other teams. Although emails are frequently used in communicating with external 
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teams, participants undisputedly acknowledged that it is not effective as this 

asynchronous mechanism lacks the level of shared understanding and sometimes 

difference in language creates misunderstanding that provokes people to make 

assumptions. Therefore, extra efforts are required to develop equal understanding to 

abate the confusions and presumptions which requires additional time that causes 

delay. 

To coordinate the dependency issues, Team R depends on emails and Ad-hoc 

conference meetings organised by the SM. The SM acts as ‘Boundary spanner’ to 

coordinate the Ad-hoc communications with external teams, mostly between Team R 

and Team C. Once requested, she initiates the communication over email and 

schedules ad-hoc meetings to discuss and resolve the issues.  

4.5.3.4 Challenges 

As indicated by the SM, temporal difference is the primary hurdle faced in this ad-hoc 

distributed team coordination. She quoted that “the hardest ones are the ones those we 

can't talk to on the phone, because of time difference". Besides, due to lack of body 

language over conference calls, it is difficult to convey the urgency of the situation and 

engage teams which ends up not giving enough time to solve the conflict. The lack of 

personal contact with global teams causes low priority in request processing which 

creates uncertainty in information flow and sometimes difficulty in obtaining key 

information. If this situation occurs several times per week, it will create unnecessary 

delays. Furthermore, we have observed ‘Territorial (combative)’ mindset if the bug 

crosses international boundaries which makes the coordination challenging. Because 

of this mindset, distributed teams tend to give higher importance of their works than 

that of others which creates tension and conflicts between teams, and in extreme, 

requires interference of higher authority.   

Regulating coding standards and community of practices across the teams could help 

in alleviating inter-module code issues which was lacking in this case. For example, 



Page 199 

Team R uses separate branch for local changes and merge their codes in the final 

branch after successful testing for better code manageability and to avoid code 

conflicts in the other modules. Though this should be the norm for all other 

development teams, it was not clear what norms other teams follow which reflects the 

lack of regulations around code management that also challenged this dependency 

coordination. 

4.5.4 Dependency 4: Work-output Dependency between Testing and QA 

Though the dependency between testing and QA activities is well-known, it was 

identified as a work-output dependency due to its impact on the progress of the 

software development activities relates to the dependencies. The misalignment of work 

cycles of the testing and QA, and overwhelming work pressure on the testers were 

found to the main issues leading to coordination problems.  

4.5.4.1 Dependency description 

In this dependency, the work of the tester depends on the work-output of the 

developers and similarly, the work of the QA depends on the work-output of the tester. 

For instance, in Team R, all the requirements implemented by the developers need to 

be tested locally before it goes to the global QA person. In the current development 

cycle, Team R’s tester starts testing only after the developers have completed all their 

sprint development works which follows to another sprint. After testing, the work is 

forwarded to the overseas QA for checking and approval before it can be released.  

“The local tester is testing thoroughly all the technical works, a bit low level. After its 

passed, we are confident about what we did is correct. then we are giving to the other 

(offshore) testers, so they will do some sort of regression and integration testing” 

(PDV4) 

The following sections present a deeper analysis of the situation to understand the 

issues and impact of this dependency. 
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4.5.4.2 Dependency Issue and Impact 

At the time of the interviews, the development and testing activities were done in 

separate sprints where the work completed by the developers in a current sprint were 

tested in the next sprint. Since Team R was using 2-weeks sprint, it required at least 4 

weeks cycle to complete the development and testing before going for QA approval. 

The global QA work cycles were not aligned with the local development and testing 

cycle. Lack of coordination between these three groups until after a large amount of 

work was done in a sprint had major consequences as discussed below. 

 

Figure 4.21: Delay diagram for work-output dependency on Tester and QA 

Firstly, the amount of work that need to be coordinated required multiple iterations of 

information exchange and feedback loop between the tester-developers, and the QA-

development team (i.e. developers and tester) which had the potential to create delays, 

e.g. delay 1 & 2 as shown in Figure 4.21. For example, the tester shared that, prior to 
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testing, he needed to know the details of the changes that were made by the 

developers and that the frequency and amount of information exchange depended on 

the complexity of the work, “the more complex the work, the more I need to talk with 

the developers”. This statement implies that the developers had to stop the work in 

their current sprint and go back to the previous sprint to be able to respond to the 

tester’s queries. This not only interrupted both the developer’s and tester’s workflow 

creating additional delays, e.g. ‘delay 1’ (Figure 4.21), but the overwhelming amount of 

workload on a single tester against 5 developers of the team creates a high risk of 

activity bottleneck leading to work completion delays. 

Likewise, the QA requires additional information either from the tester or from the 

developer during their work cycle which is almost four weeks after the development has 

been completed. The current process is susceptible to two types of delays. Firstly, it is 

difficult for the developers and tester to promptly respond to the queries due to the long 

gap (almost a month gap) between the work completion and the request. It takes time 

for the developers to recall what they have done to respond to QA’s query; hence there 

is an information processing delay. Secondly, the time zone difference and lack of 

continuous availability of members from either side cause additional delays in this 

information exchange cycle as depicted in ‘delay 2’ in Figure 4.21.  Such delays can 

block the QA work progress and thus may impact the release deliverables. 

Another consequence is that if there is a bug found either on the testing or QA side, the 

development team need to reschedule the fixing of that bug that may defer until the 

next sprint which also contributes to some additional delay. For example, if QA finds a 

bug in Task A that is being scheduled in a two-week sprint, tested in the next sprint, 

and the QA is performed in the third sprint, which would cause 6 weeks delay to re-

schedule and fix that bug (e.g. ‘delay-3’ as shown in the Figure 4.21).  

The issues discussed above have predictable impacts on the release deliverables. The 

prescribed 4- months release cycle (i.e. equivalent to 8 sprints) does not harmonise 
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with the development, testing and QA cycles which makes it challenging to successfully 

release the developed features. For example, the user stories developed in sprint 1 are 

tested in sprint 2 and QA is performed in sprint 3. Subsequently, the testing and QA will 

not be finished for all the user stories developed in sprints 7 & 8 as shown in the 

following Figure 4.22. Therefore, those user stories must be either crossed out from the 

current release or have to be released without testing and QA approval. Consequently, 

there is a high chance of under-delivery or bugs in the release deliverables.  

 

Figure 4.22: Release Cycle vs. Sprints Cycle 

There can be several ways to manage this dependency. For example, the same work 

dependency where the work and coordination cycle are broken down into smaller 

pieces and the same with the tester and QA cycle that all could be done in much 

quicker feedback loop cycle. For instance, if the developer completes one user story, 

then got tested and then the QA looked at it, all in the same sprint period would be a 

better way to handle the dependency issues. If required, lengthening the sprint to 3 

weeks cycle to fit all the activities within the sprint could be another way to improve 

dependency management. 

There are several ways to improve the work cycles that could reduce the delays 

discussed in above scenarios. As shown in Figure 4.23, integrating the development, 

testing and QA activities in the same sprint cycle could be a potential solution that will 

have minimal delays in the testing and QA cycle. 
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Figure 4.23: Reduced delay after altering the Development-Testing-QA cycle 

One of the benefits of this approach is that the information processing and feedback 

loop will be quicker as it is easier for the developers to remember what has been done 

and respond back to queries quickly. Similarly, the testing and QA activities will be 

faster compared to former approach because of the smaller size of the work required. 

This approach will not be interrupting the workflow in the next sprints as it is having in 

current approach. And if there is any bug found, it would also be easier to resolve it 

within the ongoing sprint or in the next sprint that will reduce almost two to four weeks 

delay as presented above. 

4.5.4.3 Analysis of coordination mechanisms 

This work output dependency is currently managed in multiple sprints where all the 

development tasks completed in a sprint are tested in the following sprint, and finally, 

the successful test items are passed to the global QA team for approval. All the tasks 

are recorded and managed electronically using Jira and separate boards are used for 

development and testing activities. All the development works in a sprint are queued in 

the ‘Testing board’ in Jira and information exchange and feedback are primarily shared 

over the email and Jira comments.  
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Slack is frequently used to track daily work updates and issues that are discussed in 

‘Daily Standup’. Occasionally, ‘Confluence’ is used to store and share documents such 

as developer side ‘How to’ articles, test plans, and list of user stories. 

The QA team uses the same testing board as the local tester for their work and all the 

user stories marked as ‘complete’ from the tester becomes available for QA to check. 

The QA team can see the comments and documents related to the user stories shared 

by the tester. Since the QA teams are external to the organisation, restricted access is 

provided to them, which limits the visibility of comments and other related details. 

Therefore, QA members need to communicate with the tester or the developers for 

their queries. Emails and comments on the Jira tickets are used for regular 

communication between the global QA and local development team.  

There is a scheduled fortnightly meeting with QA teams where the development teams 

and tester coordinates with QA leads. The meeting is conducted over the conference 

call and WebEx for screen sharing whenever needed. Recently, Team R introduced 

‘QA Demo’ sessions during this meeting to showcase the developed features and 

explain how it works. This demo session seems effective as it supports the shared 

understanding to avoid misunderstanding and creates an opportunity for further 

discussion and information exchange. Unfortunately, it was difficult to evaluate the 

perceived benefits and challenges of this session since it was a newly introduced 

practice in the coordination process.   

4.5.4.4 Challenges 

The primary challenge of this dependency coordination is the way the development, 

testing and QA activities are executed. As discussed, testing and QA activities are not 

synchronised with the development activities resulting in a significant time gap. This 

significant time gap (i.e. approximately five weeks) creates inconvenience for the 

developers to remember the past development work, process them and respond back 

which can interrupt the information flow and further delay related activities. The time 
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difference and continuous availability requirement is another concern for the global 

coordination with the overseas QA team. In case of any Ad-hoc communication, either 

Team R must stay late, or the QA team member needs to come early to compensate 

for the time difference which is challenging for both sides. Besides, the overwhelming 

amount of testing requirements for a solo tester and slow performance of the test 

environments are additional coordination challenges identified in this case that need to 

be addressed. 

4.5.5 Dependency 5: Task Knowledge Dependency 

Task knowledge dependency is a sub-type of knowledge dependency that was strongly 

singled out in the analysis of the dependencies. Task knowledge dependency is a 

specific form of knowledge needed to perform development tasks, that could be purely 

technical or domain-specific, or situational, i.e. what is going around related to tasks. 

There are several other forms of task-related knowledge identified from this case that is 

categorised under this dependency which is summarised in Table 4.6. 

These task-specific knowledge dependencies are linked to most of the critical 

dependencies discussed above, hence it has significance in the effective coordination 

of critical dependencies. For example, knowledge of task allocation, task ownership, 

and a fair understating of the task interdependence is required to coordinate the inter-

team work-output dependencies that arise in the development and bug fixing phases. 

Without knowing what other team is working on, how their work can affect other teams 

and when another team needs to be involved in the current work, it would be difficult to 

coordinate their work. 

Similarly, a significant amount of knowledge dependency on the DM is related to task 

knowledge that is required in different stages of the process. For instance, during the 

sprint planning session, DM discusses the purpose of the user stories (i.e. know the 

purpose) that creates a shared understanding of the tasks that need to be done and 

identifies probable solutions.  
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Table 4.6: Task Knowledge Dependency Categorisation: 

Primary 
Coding 

Definition Example of data Explanation 

Why doing the 
task  

a situation wherein 

the purpose of doing 

the task is not known 

and this affects 

progress 

“He might come and say: ‘It 

doesn't work’, because he 

might not have understood 

the reason of doing that, or 

run something wrong, or 

hasn't apply to some data 

properly.” (PDM) 

The developer needs to 

understand the purpose of 

any task (dependency) that 

he is working on; otherwise 

he will not figure out how to 

complete the task properly. 

The DM discuss with the 

developer (mechanism) to 

clarify the purpose of the 

task with some probable 

solutions. 

knowledge of 
blockers 

a situation wherein 

there is lack of 

knowledge about 

work blockers and 

this affects progress 

“Issues that we are having, 

to alert people about critical 

client issue, opportunity for 

Jim's team in US to list up 

issues he has got, then 

need coordination between 

a lot of teams.” (PDM) 

During the ‘Tech sync 

meeting’ (mechanism) teams 

share about the blockers 

that other teams might face. 

Without knowing about any 

possible blockers, teams 

would not know which team 

to contact to solve this issue.  

Task 
prioritisation 

a situation wherein 

the priority of each 

task is not known and 

this affects progress 

“Somebody else has got 

information and says you 

might want to look at this. or 

I came up with that before, 

so actually, you should be 

working on that because it’s 

something new that’s a high 

priority and we need to 

resolve it.” (PSM2) 

The whole team comes 

together every morning for 

daily standup (mechanism) 

where they check their work 

priorities (dependency). 

Without this checking the 

team would not identify the 

high priority tasks.  

Task progress a situation wherein 

the progress or status 

of relevant tasks are 

not known and this 

affects progress 

“There is also some sort of 

status page that I update 

weekly, that information also 

goes out into the Digest that 

produce. This is a way of 

communicating the status of 

the things but it’s not a 

meeting." (PSM2) 

The SM creates a weekly 

digest from confluence and 

Jira that includes the status 

updates of tasks 

(dependency) which is 

shared via email 

(mechanism) to the group of 

managers. Without this 

update, teams will not be 

aware of the updates of 

dependent works. 

Task 
allocation 

a situation wherein 

the allocation of each 

task (i.e. who is doing 

“We try to negotiate 

between the teams who's 

doing what and how are 

During the weekly tech sync 

meeting (mechanism), The 

teams gets to know about 
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what) is not known 

and this affects 

progress 

they gonna interface with 

each other.” (PSM2) 

which team is doing what 

(dependency) which helps 

the teams to identify which 

the team they need to 

coordinate for their work.  

Task 
ownership 

a situation wherein 

the ownership of 

each task is not 

known and this 

affects progress 

“We are having multiple 

teams could be involved in 

developing a feature, one 

person has got ownership 

because otherwise we end 

up with not only these gaps 

in the Silos of developing” 

(PSM2) 

Teams need to know the 

owner of any joint task 

(dependency); without 

knowing the task owner 

teams will not be able to 

communicate and coordinate 

the joint work properly. This 

temporary ownership has 

been a challenge since there 

is no proper division of 

responsibility exists. 

What has been 
done 

a situation wherein 

past actions related 

to a task is not known 

and this affects 

progress 

“First I need to know from 

the developers what are 

changes they did, how did 

they do the developer side 

testing, what are the objects 

I need to look at, what are 

the field I need to look at.” 

(PTS) 

The tester attends the 

developer side meetings 

such as code review 

sessions (mechanism) to 

understand what has been 

done (dependency); without 

this information he would not 

know what changes and 

testing are done and what 

things need to be tested. 

What to do 
and when 

a situation wherein 

the schedule of each 

task is not known, 

and this affects 

progress 

“Actually, when we are 

doing the Sprint Planning, at 

that point, we know what 

need to be done and 

discussing at that point... we 

have some understanding 

over what we are going to 

do” (PDV4) 

In the sprint planning 

session (mechanism), all the 

team members discover and 

plan the tasks that needs to 

be (dependency) and 

schedule their works; without 

this understanding the team 

would not be able to 

estimate and schedule the 

works. 

Task inter-
dependencies 

a situation wherein 

the dependencies 

between the tasks 

are not known and 

this affects progress 

“Do QA know what they are 

doing, do they understand it, 

are we blocking QA? and so 

then there is a role they 

have in the end” (PSM1) 

Teams need to know how 

their work depends on or 

impacts other teams work 

(dependency); without this 

understanding, teams will 

not engage with other teams 

to coordinate their work. 

There is no mechanism 

found to properly develop 

this understanding. 
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Without this information, “stories are not really practical...” and it is easy for the 

developers to “get stuck” or choose the “wrong path” as indicated by the DM. 

Therefore, having effective mechanisms in place for developing a good understanding 

of the task-related information is vital for coordinating the development and testing 

activities. 

4.5.5.1 Analysis of Coordination mechanisms 

Several practices in the current SD process are supporting the task knowledge sharing 

between the local and distributed team members. The group meetings including the 

distributed team members create opportunities for exchanging various types of task 

knowledge. For example, the weekly technical synchronisation meeting is the place 

where development teams share the recent client issues that other teams might 

counter (i.e. blockers), notify the task interdependencies that needs coordination 

between distributed teams. 

“We have touchpoints in terms of the 'Tech Sync Meeting' on every Thursday, that 

syncs up with other development teams. Issues that we are having, to alert people 

about critical client issue, opportunity for the team in US to list up issues, then need 

coordination between a lot of teams.” (PDM) 

This meeting is also important to gather other sorts of task-related knowledge such as 

which team is working on which task (i.e. task ownership), new ideas and development 

changes (i.e. what has been done). The DM shares these meeting outcomes to his 

team over email so that they are aware of the task knowledge which helps them to 

develop situational awareness. 

Similarly, the pre-scheduled regular meeting with the support teams is good for 

gathering knowledge about support-related tasks, their progress and how they were 

being handled (i.e. what has been done) which facilitates confirmation of the task 

execution process. Besides, most of the agile practices are good points for the team’s 

internal task knowledge sharing, e.g. sprint planning sessions for knowing why doing 
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the task, how to solve the task, who is being assigned to a task, and daily standup 

meetings for knowing tasks progress and blockers.  

The majority of the local task knowledge sharing mechanisms are working well since 

Team R members are well coordinated by regular synchronisation meetings. However, 

there is a lack of mechanisms for globally distributed inter-team task knowledge 

sharing which is affecting the inter-team coordination process. For example, there is no 

mechanism found for allocating or assigning task ownership which impacts the 

identification of interdependent tasks and hence, failed to involve necessary teams 

earlier in the process. Additionally, the inter-team coordination conflicts discussed in 

section 4.5.1 are also linked to the lack of task knowledge sharing between the 

development teams. Therefore, effective mechanisms need to be applied to resolving 

issues resulting from task knowledge dependency. 

4.6 Interpretation of the Findings 

In this study, we focused on understanding ‘How are the key dependencies 

coordinated effectively in DASD?’. For the Pigeon case, this understanding is gathered 

from the SD activity and coordination process analysis. From these analysis findings, 

five key dependencies with associated risks are outlined. The coordination mechanism 

analysis of these dependencies highlighted several lacking and coordination 

challenges. In this section, these findings are discussed in detail that further 

contributed to proposing improvement ideas for effective coordination. 

4.6.1 DASD Dependencies 

Overall, the above discussed dependences are categorised into three high-level 

dependencies following Strode’s dependency taxonomy (D. E. Strode, 2016). 

According to the categorisation, dependency 1 and 6 are the grouped under activity 

dependency as both these dependencies represents the work-output dependency 

which refers to a dependency situation where an activity requires a timely output from a 

previous activity to be completed. The work-output dependencies on the DM (part of 
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dependency 2) are categorised as Business process dependency since the bug 

reviewing and categorisation activities performed by the DM need to be carried out in 

certain order (D. E. Strode, 2016). All types of information and expertise dependencies 

on the DM (part of dependency 2) are categorized as knowledge dependency. 

Additionally, the task knowledge dependency (dependency 5) is also categorised as 

Knowledge dependency since several types of task-related knowledge are required to 

properly perform the development activities which could potentially affect the project’s 

progress. Finally, the authority dependency on DM (part of dependency 2) and inter-

module technical dependencies are categorised under the resource dependency 

following the dependency taxonomy. The dependencies categories are summarised in 

Table 4.7 with their cause and possible impacts to supplement further discussions. 

It is noticeable that two of the most impactful dependencies involve globally distributed 

teams, which is a contemporary challenge for coordination (Ekasari et al., 2022). 

Another interesting finding is that all three high-level dependencies involve a single 

resource person which in conjunction represents an additional dependency, i.e. Entity 

dependency where the resource person needs to be available and responsive 

otherwise there is a high risk of coordination breakdown. 

The analysis findings also indicated that three of the dependencies (i.e. Dependency 1, 

3 & 5) primarily involved coordination between globally distributed teams. Another two 

(knowledge and resource dependency on DM discussed under dependency 2) 

indirectly involved coordination of globally distributed teams. For example, being the 

point of contact and primary decision-making authority of Team R, all the distributed 

teams need to communicate with the DM for their queries and work needs, and his 

availability and responsiveness might have an impact on other teams’ work 

coordination. These findings could be interpreted as the level of coordination between 

globally distributed teams potentially having higher impacts on the DASD process if 

they are not well-managed.  



Page 211 

Table 4.7: Key Dependencies, their causes and Impacts 

High-Level Dependency 
Type adapted from Strode 

(2016) 

Pigeon Dependencies Potential Impact/Risks Cause of the Issues 

Knowledge Dependency 

Knowledge dependency on DM 
(Dependency 2) 
 
Task knowledge dependency 
(Dependency 5) 

-High risk of Knowledge acquisition bottleneck 
- Delay in work completion due to unavailability or late 
response 
- Delay caused by additional work resulting from 
incorrect assumptions 

- Most of the task and expertise 
knowledge is confined to single resource 
person (i.e. DM) 
- Unavailability or late response to 
queries 

Activity Dependency 

Work-output dependency between 
Development teams (Dependency 
1) 

-Interruption in scheduled works and under-delivery of 
release goals 
- Poor Quality Work Output may lead to technical debt 
and rework 
- Frustrations between teams 

No mechanism for early identification 
and notification of dependent work 

Work Output Dependency on 
Testing and QA (Dependency 4) 

- High risk of work completion delay in testing and QA 
cycle 
- High chance of Under-delivery of release 
deliverables 
- Poor quality work output from tester and QA 
- high risk of activity bottleneck at tester 

- Ineffective work cycle for development, 
testing and QA activities 
- Overwhelming amount of workload at a 
time on tester and QA 

Business Process dependency on 
DM (Dependency 2) 

- High risk of deteriorated performance of DM due to 
burnout 
- Probable risk of detriment to team performance 

- Exceptionally burdened with 
responsibilities associated with multiple 
roles 
- Lack of clarity in development resource 
distribution 

Resource Dependency Entity dependency on DM 
(Dependency 2) 

- High risk of Single point of failure 
- Potential risk of failure in time commitment and 
delay in critical client issue fixing due to unavailability 
or low responsiveness 

Solo decision-making and task allocation 
authority for certain type of work 
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Resource Dependency Technical Dependency between 
Modules (Dependency 3) 

- High potential to block work progress of 
development teams 
- Potential to interrupt release schedule or under-
delivery of release goals 
- Prolonging client-side interruptions and hamper 
organisation's reputation 

- Lack of shared understanding of the 
technical dependency 
- Lack of awareness of possible impacts 
of code 
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All the impacts and risks identified in this case are grouped into two high-level 

categories- Delay and Poor Quality as shown in Figure 4.24. Delays are one of the key 

impacts resulting from the poor or mismanagement of the key dependencies. There are 

several types of delays resulting from the dependencies that are grouped under two 

subcategories: direct and indirect. Direct delays are predictable that can create specific 

delays such as blocking the work progress, interrupting the release schedule, and 

preventing fixing critical client issues. For example, as discussed in inter-module code 

dependency, distributed team members’ lack of understanding of code dependency 

could result in bugs that directly impact fixing Team R’s critical client issue. Because of 

the possible high impacts or risks associated with them, direct delays need to be 

addressed immediately. 

 

Figure 4.24: Emerging concepts of Dependency risks from study findings 

Indirect delays are uncertain in nature and mostly by-product of other impacts. For 

example, any additional work required due to the poor-quality work outputs will cause 

delays. In most cases, the amount of work needed to fix the issue is uncertain and are 

difficult to estimate the overall delay. Compared to the direct delays, indirect delays do 

not block the work progress or release or critical client issue fixing, therefore, do not 

require immediate attention. But this types of delays are less likely to happen; therefore 
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difficult to predict their occurrence in advance. Therefore, the Ad-hoc mechanism 

needs to be applied to reduce the delay or likelihood of this type of delay; otherwise, 

they can potentially turn into blockers and cause high impacts. For instance, the 

expertise and decision-making bottleneck identified at the DM are examples of indirect 

types of delay that should be resolved by promoting substitutability to avoid any single 

point failure due to his unavailability. 

Quality can be defined as, “the degree to which a system, component, or process 

meets the expectations or needs of the customers or users” (Galin, 2004). Since 

dependency, in general, defined as the management of needs between the activities, 

the quality of the output from these activities directly depend on how well these 

dependencies are managed. If the dependencies are not managed properly, there is 

high probability of poor-quality work-output. For example, the high amount of workload 

on the tester creating work-output bottleneck could potentially result in poor-quality 

output for meeting the deadlines. Besides this, poor-quality relationship between the 

development teams resulting from the mismanagement of work dependencies would 

deteriorate performance (at both individual and team levels) in terms of work 

commitments and release schedule. All in all, poor-quality output in any form impacts 

the quality of the software development process and its outputs. Therefore, it is 

plausible to categorise them as a risk of poor-quality output. It is also noticeable from 

the above two examples that risks of poor-quality output have impacts on both 

individual and team performance. For example, while the tester is burned out from work 

load, it is usual to be frustrated which will directly impact his performance. The similar 

is true for the teams when two teams are highly interdependent, but they have a poor 

relationship and regular conflicts, which will impact both teams’ performance. These 

results are consistent with the findings of (Lindsjørn et al., 2016) which showed that 

quality concerns are directly linked to the performance of the teams and the 

organisation; therefore, they have long-term impacts on the success of the agile 

development teams. Since lack of proper coordination is one of the primary challenges 
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in achieving quality in global software development (Misra & Fernández-sanz, 2011), it 

is important to mitigate these issues leading to poor quality. 

The causes of dependency issues discussed above are classified into three high-level 

clusters: Knowledge management, Work management, and Process management. Any 

dependency risks caused by knowledge-specific issues are categorised under 

Knowledge Management. For example, lack of shared understanding about any 

technical dependencies, and presumptions made by the developers due to 

unavailability or late response of any required information are related to knowledge 

management Slow response to the queries is one of the side effects of Knowledge 

acquisition bottleneck is also a knowledge management issue. Finally, lack of 

awareness of probable impacts of code changes in other parts of the product makes 

the developers less confident while making any changes, “if you understand it, that 

makes the work lot more easier and you're lot more confident in your changes rather 

than going and changing a little bit and just gonna hoping it's not breaking anything” 

(PDV2). 

The work management category relates to the issues resulting from mismanagement of 

dependent activities. The majority of the issues faced while managing dependent works 

between distributed teams are caused by the lack of an appropriate mechanism for 

early detection of work dependencies and timely notification of the works needed from 

other teams. The poor management of work-output dependencies has direct impacts 

such as delays in the delivery schedule. Lack of clarity in the work distribution is 

another outcome of poor work management which potentially causes dependency 

issues. 

Finally, the Process management category relates to issues resulting from ineffective 

management of the software development process. Process management activities in 

software development include the definition, implementation and management of the 

development work process within a defined organisation. The primary motivation 
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behind the process management is to facilitate an environment that improves the 

quality of the software being developed and productivity of the members involved in 

this process. As discussed in the findings, ineffective work cycles for Testing and QA, 

and hierarchical decision-making structure are the issues created by poor management 

of the software development work process. Our analysis indicated that inability to 

understand and adopt the agile mindset in the agile software development process is 

one of the primary causes of the problems identified in the testing and QA work cycle. 

All the prescribed agile frameworks suggest iterative work cycles that can deliver 

shippable product feature, that means all development works including testing and QA 

should be performed in the same work cycle (e.g. sprint). Having multiple separate 

sprint development, testing and QA works is creating misalignment with agile values, 

and hence, causing dependency issues. Likewise, following traditional hierarchical 

decision-making and work allocation authority is contradictory to the self-organising 

team values where team members collaborate and self-organise themselves to perform 

necessary activities. These contradictions to the agile mindset are caused by the 

incorrect implementation of agile process management, which is contributing to 

process management issues. A complete view of this classification is presented in the 

following concept map (shown in Figure 4.25). 

This classification has twofold benefits for this research. Firstly, this categorisation will 

support in the development of theoretical concepts that can be used to explain any 

dependency issues better. For example, the knowledge management category would 

help in explaining the issues in knowledge creation, knowledge management and 

knowledge sharing throughout the SD process. The work management category would 

help in understanding possible anomalies in scoping, estimation, scheduling, 

distribution and progress tracking. Finally, the Process management category would 

better explain the possible causes of mismanagement in defining, implementing, and 

maintaining the SD work process.  
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Figure 4.25: Conceptualisation of the Causes of dependency issues 

Secondly, it will help the practitioners to identify the fundamental reasons of any 

problems that will further guide them in tackling complex coordination issues. For 

instance, if there is a knowledge acquisition bottleneck in the process, it is necessary to 

extract the knowledge from the expert resource and distribute them within the team to 

create redundant knowledge sources. Collective problem-solving techniques such as 

pair programming, mob programming (Zuill et al., 2016) can be a probable solution to 

quickly develop task knowledge and problem-solving knowledge which are the key 

knowledge dependencies n DM located in this case.   

Similarly, to improve inter-team work collaboration in globally distributed setting, 

appropriate mechanisms should be put in place to distinctly manage the inter-team 

work dependencies. For example, during the release planning, an inter-team 

dependency analysis session could be conducted and based on the analysis, a ‘Scrum 

Team’ could be formed including key participants from each dependent team. 

Additional teams can further be involved in later stages if required. This scrum team 

would be responsible to manage the dependent works and should conduct regular 

Scrum-of-Scrums meetings to coordinate the work progress. One of the benefits of this 

focused group meeting instead of the current ‘tech sync meeting’ is that it will avoid 

participants having disjoint interests who do not feel interested in the conversation, ‘I 

think a lot of people don’t listen… In group meetings or conference calls, you will find 

people who want to be alone, doing his stuff’ (PSM1). 
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On the other hand, adopting an agile mindset in every part of the distributed SD 

process would wave opportunities to resolve process management issues. For 

example, integrating development, testing and QA activities in the same sprint would 

potentially reduce coordination overheads. Likewise, encouraging self-organisation 

practices within the development team would help in managing workloads without any 

intervention of a solo decision maker. 

4.6.2 Coordination Mechanisms 

All the coordination mechanisms used to manage the critical dependencies are 

presented in Table 4.6 using Coordination activities, Coordination tools and artefacts, 

and Structure. Coordination activities include all the activities that are performed to 

manage both local and global dependencies. Coordination tools and artefacts are used 

to support the coordination activities. The structure represents the Availability, 

Proximity and Substitutability or Specialisation of team members that is part of the 

coordination. 

All the coordination activities that are used to manage the dependencies can be divided 

into two subcategories: Synchronous and Asynchronous. Synchronous activities 

require all the participants to be available at the same time, either pre-arranged or Ad-

hoc basis. The frequency of these synchronous activities can be per project, per sprint, 

daily or Ad-hoc. For example, the ‘Tech Sync meeting’ is the primary mechanism to 

coordinate between the development teams that is a pre-scheduled group meeting 

conducted every week. On the other hand, sprint planning session is a f2f group 

meeting conducted at the beginning of the sprint to plan the sprint activities with the 

team members. Asynchronous activities do not require on-the-spot availability of the 

participants and are used to communicate, exchange information, and perform control 

and process management activities. The frequency of these activities is the same as 

the synchronous activities: per project, per sprint, daily and ad-hoc, but this form of 

activity is more common in day-to-day coordination.  
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The coordination activities mentioned above are supported by several tools and 

artefacts. Different varieties of tools are also used while communicating and sharing 

artefacts to support the coordination activities. For example, WebEx is used for 

conference call and sharing the screen during the synchronous group meetings which 

facilitates shared understanding. Electronic Story boards are used as information 

radiator within the team to track progress and facilitate task awareness, i.e. what is 

going on, who is doing what, what to do and when etc. This types of boards are also 

used to synchronise inter-team work dependencies. The artefacts that are used in 

coordination are either produced or used by the coordination activities. Different forms 

of artefacts are being used in this case, for example, user stories, Issue tickets, 

storyboard, developer written ‘How to’ docs, and software code. 

Organisational Structure is considered to be part of coordination mechanisms because 

it decides the arrangements of, and relations between different parts involved in the SD 

process (D. Strode, 2012). Proximity, Availability and Substitutability are three 

antecedents suggested by Strode that contributes to the coordination. Proximity refers 

to the closeness of the parties involved in any dependency situation; for example, the 

development manager is in Close Proximity with other team members, while Team C 

and Team R are not in close proximity since they are geographically and temporally 

dispersed from each other. Availability ensures the continuous presence and 

responsiveness of any resource whenever needed. Though continuous availability and 

responsiveness are particular concerns in distributed coordination (Ramesh et al., 

2006b), the findings of the current study indicate that it is equally important to manage 

local coordination needs. For instance, to coordinate the dependencies involving the 

Development Manager, his availability and timely response can make a difference to 

achieve release goals. Finally, Substitutability is achieved when there is an existing 

alternative(s) in the team to fulfil the expertise and skills requirements to achieve 

project goals. Collective decision-making and cross-functionality within the team is a 

recommended practice in Agile software development that encourages Substitutability 
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(Hoda, 2011). In this case, there is no Substitutability present for the Development 

manager in the team to perform decision-making and task allocation activities or 

respond to expertise and skills requirements which is creating a high risk of bottlenecks 

and delay. It is interesting to note that, based on the feedback of this analysis to the 

organisation, the role of the DM has been modified to mitigate some of the dependency 

risks. 

The analysis of the key dependencies highlights that not all the coordination activities, 

tools and artefacts, and structure applied in this case is effectively managing the 

coordination needs. The decision rule applied to measure the effectiveness is “Does 

the current coordination mechanism(s) reduce or eliminate the risks?”. Based on the 

answer to this decision-rule question, we have categorised the mechanisms as either 

‘Effective’ or ‘Not effective’ as indicated in Table 4.8. Additionally, we have used explicit 

and implicit components from Strode’s coordination effectiveness model (D. E. Strode 

et al., 2011). We will explain the evaluation process using an example. 

For instance, the pre-organised synchronous group meeting is the primary mechanism 

used to coordinate the inter-team work priorities (Dependency 1). Our analysis 

indicates that this mechanism is effective in managing competing work priorities 

between the development teams because the team representatives (DMs, SMs) are 

present (explicit components) in this meeting to inform, acknowledge and discuss their 

work priorities (implicit components). If required, the Product Manager (i.e. right 

person) is also involved in this meeting to resolve conflicting issues. The Frequency of 

this weekly meeting is well-suited to avoid any delays. On the contrary, there is a 

persistent problem identified in this dependency is timely identification and notification 

of any dependent work. The existing mechanisms, i.e. weekly tech sync meeting, is 

‘not effective’ to resolve this issue because there are no particular measures taken by 

the teams to manage this issue. For each dependency, we have presented the 

outcome of the evaluation of coordination effectiveness along with the coordination 

mechanisms in Table 4.8. 
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For better understanding the coordination mechanisms, the data of the second column 

of Table 4.8 is further broken down into three tables covering three dimensions: ‘Tools 

& Artefacts vs. Coordination Activities’ in Table 4.9, ‘Coordination Activities vs. Tools 

and Artefacts’ in Table 4.10, and ‘Coordination Activities vs. Roles involved’ in Table 

4.11. Table 4.9 presents all the tools identified in the process to support different 

coordination activities that illustrates the possible applications of each tool in different 

coordination activities. For example, Jira is the most important coordination tool that 

has been involved in most of the coordination activities while coordinating the key 

dependencies. User story is the main shared artefact used in the coordination process 

which is the representation format of the user requirements. User stories are being 

used from planning to release and play an important role in the coordination of the 

development activities. The storyboard is another important shared artefact that is an 

important radiator of task-specific information, such as what needs to be done and 

when, who is doing what, what is going on, is there any impediments. Teams could 

coordinate their work in daily sprints and review their performance based on this 

information. 

The second table (Table 4.10) presents slightly different perspective to show the tools 

and artefacts involved in a specific coordination activities. For instance, Sprint planning 

is group planning activity conducted before every sprint that primarily uses Jira as an 

online tool to share and manage artefacts such as user story, electronic story board, 

product backlog and sprint backlogs. 
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Table 4.8: Coordination Mechanisms, their effectiveness, and challenges 

Dependency 
Code 

Coordination Mechanisms Evaluation of Coordination Effectiveness Coordination Challenges 

Dependency-1 Coordination activities: Synchronous Scheduled and 

Ad-hoc group meetings via conference calls, Emails,  

Asynchronous communication via Email and Jira,  

Ad-hoc communication for Boundary Spanning 

activities 

Coordination Tools and artefacts: shared user 

stories and tickets in Jira, WebEx for screen sharing, 

Skype for Business  

Structure: Distributed teams both on-shore and off-

shore in different time zones, SM as Coordinator 

- Scheduled synchronisation meetings are 

effective in managing competing work priorities 

among teams 

- Not effective in early identification and 

notification of dependent works to prevent 

delays due to work interruption and team 

conflicts 

- Difficulty in Distributed teams 

communication due to time difference, 

rigid mindset across teams 

- Miscommunication due to communication 

channels and language barriers 

Dependency-2, 
3 & 4 
 

Coordination activities: Face-to-face formal and 

informal meetings for local coordination, Hierarchical 

task allocation and decision making 

Asynchronous communication Email and Jira 

Coordination Tools and artefacts: User story, 

Backlogs, Electronic Squad boards, Jira tickets, 

Developer written ‘How to’ docs 

WebEx for screen sharing, Skype for Business, 

Slack 

Structure: Co-located team members, Distributed 

teams both on-shore and off-shore in different time 

zones, Continuous Availability required for DM 

- Local coordination needs are effectively 

managed, but it is subject to the high proximity 

and availability of the DM 

- Not effective in managing expertise and 

decision-making substitutability to avoid 

knowledge acquisition bottleneck and single 

point failure 

- Not effective in developing shared task 

knowledge 

- Not effective in workload balancing and 

address risks related to team performance and 

nurturing 

- Changing the hierarchical structure of 

decision making and task allocation 

- Resolving the central dependency 

structure 
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Dependency-5 Coordination activities:  Synchronous scheduled 

group meeting via conference calls and screen 

sharing,  

Asynchronous communication via Email and Jira,  

Ad-hoc communication for Boundary Spanning 

activities 

Coordination Tools and artefacts:  shared user 

stories and tickets in Jira, shared code management 

using TFS, WebEx for screen sharing, Skype for 

Business 

Structure: Distributed teams both on-shore and off-

shore in different time zones, SM as Boundary 

spanner 

- Synchronous meetings are effective to 

develop shared understanding about other 

teams, their expertise and tasks 

- Communication channels are not effective to 

resolve ad hoc needs and are susceptible to 

creating further issues 

- ineffective communication channels is 

hindering the shared understanding 

- Misunderstanding in the team level about 

the process, technology and tools 

- ‘Territorial (combative)’ mindset between 

distributed teams 

- Non-technical boundary spanners to 

resolve technical issues 

Dependency-6 Coordination activities: Consecutive sprints for 

development, testing and possibly for QA,  

Face-to-face formal and informal meetings for local 

coordination,  

Synchronous scheduled group meetings via 

conference calls, Demo sessions, Emails for global 

coordination 

Coordination Tools and artefacts:  shared user 

stories and tickets in Jira, WebEx for screen sharing, 

Skype for Business 

Structure: Co-located developers and tester, Global 

distributed QA team 

- Inefficient work cycle between the 

development, testing and QA activities 

- Demo sessions and synchronous group 

meetings are effective for shared understanding 

of the features and testing requirements 

- Time difference and Continuous 

availability of the remote person is 

challenging while communication with QA 

 

- Sluggish Test environment is challenging 

for the tester 
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Table 4.9: Tools & Artefacts used by Coordination Activities 

Tools/Artefacts Coordination Activities 
Jira Group Meeting (Formal & Ad-hoc) 
 Daily Standup 
 Sprint planning 
 Sprint 
 code review 
 QA Demo 
 F2F meetings 
 Sprint Review 
WebEx Group Meeting (Formal & Ad-hoc) 

Voice Conference Call 
Screen Sharing 

Skype Video Conference Call 
Confluence Group Meeting (Formal & Ad-hoc) 
Slack Daily Standup 
TFS Code Review 

Group Meeting (Formal & Ad-hoc) 
F2F meetings 

Retrospective Tool Sprint Retrospective 
User Story Group Meeting (Formal & Ad-hoc) 

Daily Standup 
Sprint planning 
code review 
QA Demo 
F2F meetings 
Sprint Review 
Email Communication 

Story Board Group Meeting (Formal & Ad-hoc) 
Daily Standup 
Sprint planning 
Sprint 
QA Demo 
F2F meetings 
Sprint Review 

Release backlog Group Meeting (Formal & Ad-hoc) 
'How to' Docs Group Meeting (Formal & Ad-hoc) 

Email Communication 
Software Code Code Review 

Group Meeting (Formal & Ad-hoc) 
Screen Sharing 

Sprint Backlog Sprint Planning 
Daily Standup 
F2F meeting 

Product Backlog Sprint Planning 
Burndown chart Daily Standup 

Sprint 
Sprint Review 



Page 225 

WebEx is a communication tool used for conference calls and screen sharing, Jira for 

sharing work items and radiating work status through electronic storyboards and 

Confluence is used for document sharing. This information will help the readers to 

identify the type of tools and artefacts that can be used for a particular coordination 

activity which can further guide them to choose the better suited one for their context. 

Table 4.11 presents another perspective indicating the roles involved in each of the 

coordination activities and their availability preference are also specified to signal their 

importance in that activity.  

For example, for managing the multiple dependencies on a single resource person, DM 

is the primary role involved in most of the face-to-face coordination meeting, such as 

Sprint planning, Daily standup, Code review meetings. Rest of the development team 

members are the secondary roles that are required in those meetings and the SM plays 

the meeting facilitator role to make those sessions time effective. For group meetings 

involving distributed development teams, the Scrum Master of each team plays the role 

of boundary spanner between teams to organise and manage the sessions. Besides 

this role, the development team representatives (e.g. DM for Team R) need to be 

involved in this group meetings to present their issues that need coordination with other 

teams, “opportunity for X’s team in US to list up issues he has got, then need 

coordination between a lot of teams. US based teams and NZ based teams” (PDM). 

The developers might be included in this meeting on ad-hoc basis, so their presence is 

considered optional. This information will help the readers understand the necessity of 

the roles that need to be involved in any coordination activity and their contribution to 

the effective management of impactful dependencies.  
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Table 4.10: Coordination Activity vs. Tools and Artefacts 

Coordination Activities Tools Artefacts 

Group Meeting (Formal & Ad-

hoc) 

WebEx User Story 

Jira Electronic Story Board 

Confluence Release Backlog 

 'How to' Docs 

F2F Meeting (Formal & Informal) 

Jira User Story 

TFS Electronic Story Board 

 Sprint Backlog 

Daily Standup 

Jira User story 

Slack Electronic Story Board 

 Sprint Backlog 

 Burndown chart 

Sprint Planning 

Jira User Story 

 Electronic Story Board 

 Sprint Backlog 

 Product Backlog 

2-Week Sprint 
Jira Electronic Story Board 

 Burndown chart 

Code Review 
Jira User story 

TFS Software Code 

QA Demo 
Jira User Story 

 Electronic Story Board 

Sprint Review 

Jira User Story 

 Electronic Story Board 

 Burndown chart 

Sprint Retrospective Online Retrospective Tool  

Email Communication 

Email (Any email tool) 'How to' Docs 

User Story  

Jira  

Voice Conference Call WebEx  

Video Conference Call Skype for Business  

Screen Sharing WebEx  
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Table 4.11: Coordination Activity wise Roles 

Coordination Activities Roles Involved 

Group Meeting (Formal & Ad-

hoc) 

Boundary Spanner: SM 

DM, Developers (Ad-hoc) 

F2F Meeting (Formal & Informal) 
DM (Primary), Developers, Tester 

Facilitator: SM 

Daily Standup Development Team, SM 

Sprint Planning 
Development Team, SM,  

Proxy PO (Ad-hoc) 

2-week Sprint Development Team, SM 

Code Review Development Team 

QA Demo 
Boundary Spanner: SM,  

Development Team 

Sprint Review Scrum Team 

Sprint Retrospective SM, Development Team 

Email Communication Anyone involved in the Dependency 

Voice Conference Call 
Boundary Spanner: SM,  

DM, Developers (Ad-hoc) 

Video Conference Call 
Boundary Spanner: SM,  

DM, Developers (Ad-hoc) 

Screen Sharing 
Boundary Spanner: SM,  

DM, Developers, Tester 

* Scrum Team: PO, SM, Development Team, Development Team: DM, Developers, Tester 

4.6.3 Coordination Challenges 

There is total 33 different types of challenges recognized in the way of coordination and 

those challenges are further classified into 6 high-level categories based on their core 

concerns: Communication, Dispersion, Organisational, People, Process and 

Technological Issues. The majority of the challenges (28 out of 33) are identified from 

the response to the question asked to the participants about the challenges they faced 

while coordinating their dependent activities. Rest of the challenges (5 out of 33) are 

identified from our analysis of the critical dependencies. The categorisation process is 

illustrated using one of the interview excerpts given below:  
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"…with emails, different languages, its India, Poland, and France. There are several 

opportunities for miscommunication anyway, due to language difference, people make 

assumptions" (PSM1) 

Since email is one of the key communication channels used for communicating with 

distributed teams, there is a high possibility of miscommunication because of language 

differences. Similarly, miscommunication can result from poor contextual details in the 

email,  

“in a mail received in the morning, ‘I have got these jobs that I need to run in parallel’; it 

is not clear what do you mean by jobs, do you mean how to get the table or something 

else.” (PDM).  

All these opportunities for miscommunication are caused by the communication 

channel (i.e. email) used in this coordination process; hence ‘Communication channel’ 

is used as a primary category. The core concern of these challenges is the issues in 

communication, therefore it is further categorised under ‘Communication Issues’. 

‘Misunderstanding’ and ‘Continuous availability and responsiveness’ concerns are the 

other challenges related to communication identified in this case. All the challenges 

with their primary and secondary categories are presented in Table 4.12 with their 

descriptions and example evidence from the data. 

  



Page 229 

Table 4.12: Categories of Coordination Challenges 

Secondary 
Category 

Primary 
Category 

Description Example Evidence from Data 

Communication 
Issues 
 

Communication 

Channel 

The channel used for communication is creating issues, 

e.g. miscommunication, work interruptions, that is 

impacting the communication and relationship building 

among distributed teams 

"telephone calls are good in a way, but you can't see the 

person. because you cannot see the person, you cannot 

have the same relationship with the person, i.e. the body 

language, facial expression etc. especially when there is lots 

of people on the call" (PDM) 

 

"With emails, different languages, its India, Poland, and 

France. There are several opportunity for miscommunication 

anyway, due to language difference, people make 

assumptions" (PSM1) 

 

"Email is slow and there's interruption. You have to respond 

couple of email while you are working with something else, 

which forces you to contact switch” (PDM) 

Misunderstanding Misunderstanding about the requirements because that 

the requirements are not communicated or presented in 

a format that can be translated to a user story 

"Another challenge I guess is sometimes we get 

requirements request that are not a user story" (PSM2) 

Availability and 

Responsiveness 

Continuous Availability and responsiveness is a 

persistent challenge while communicating with 

distributed teams 

Identified from the data analysis of critical dependency on the 

DM (Dependency 2) 

Dispersion Issues Physical Distance Physical distance is creating challenges in frequent 

communication and dependent work management 

"If the person were co-located, the guy might come over and 

have a chat to me about it and we get it sorted. when you are 

in co-located, you can have a chat while having a cup of 

coffee and ask some questions rather than bugging in via 

email or some other way" (PDM) 

Time Difference Time difference between the distributed teams or PO is 

creating difficulty in communication and resolving critical 

"Knowledge transfer between the QA and tester is hard 

because of the time difference" (PTS) 
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bugs or client issues 

Process Issues Lack of 

understanding 

Lack of understanding about 'How the system works' 

and ‘what the product does’; hence face challenges to 

correctly operate and handle the system. It could happen 

in any part of the process, particularly in the client side. 

“Misunderstandings about 'what the product does'. for 

example, from the client team’s perspective, they assume 

that it’s a point of click, and you are good to go. It’s a self-

managing system, that don’t need to do anything. But 

actually, the system is not like that.” (PDM) 

Misunderstanding Misunderstanding may arise within the development 

team due to lack of understanding about the product, 

process, Technology, tools which is creating difficulty in 

coordination 

"Misunderstandings in the team level. About process, 

performance, or might be technology. It might be about the 

technology, that might people need to learn. Might be about 

the different level of people thinks about the process, some 

says we will do it this way, another says we will do it this 

way. And it can be just about the product and the technology 

we are using. I thought it did these, no I thought it does this. 

The touchpoints, i.e. planning poker, sprint planning, code 

review are all good points to find out where is the 

misunderstandings are" (PDM)  

Code 

Management 

Mismanagement of shared artefacts (e.g. software code) 

between the teams is creating build issues 

"I mean people globally are checking stuffs in code base 

which was causing the build fail and we didn't know what's 

part causing that problem" (PDV2) 

Organisational 
Issues 

Responsibility 

distribution 

Mismanagement in the division of responsibility is 

creating challenges in dependent work coordination 

“I think the division of responsibility is a real challenge. I 

would prefer to be able to say we own this feature, or this 

team owns this feature” (PSM2) 

Hierarchical 

Authority 

structure 

The organisational and managerial structure defined by 

the organisation is creating coordination challenges 

Identified from the data analysis of critical dependency on the 

DM (Dependency 2) 

Central 

Dependency 

structure 

The organisational and managerial structure defined by 

the organisation is creating coordination challenges 

Identified from the data analysis of critical dependency on the 

DM (Dependency 2) 

Workspace The open office/workspace setup defined by the 

organisation can create stress and anxiety to the people 

"I have seen that Open plan offices just like we've got here, I 

get the feeling that lot of people don't really like them" 
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(PDV2) 

Work 

environment 

The external interferes arising from workplace 

environments of individuals can create challenges in 

performing coordination activities 

"I face some challenge while working from home, it’s not 

official rather personal. It mainly those meetings which is a 

bit longer and I need to focus, thinking needed or a bit 

technical compared to daily standup. It’s not a problem for 

me but its disturbing others of the conference due to the 

noise." (PDV4) 

People Lack of 

engagement/ 

participation 

Lack of engagement due to interpersonal issues such as 

language, culture, trust, personal skills, personal attitude 

and preferences 

"I think a lot of people don't listen and even in short and face-

to-face conversation" (PSM1) 

"Getting them to talk and getting them to listen is another 

challenge" (PSM1) 

 

"It’s really challenging if the teams don't understand how they 

affect the other team or how the other team affects their 

work, it’s harder to engage them" (PSM1) 

Territorial 

Mindset 

Lack of engagement due to interpersonal issues such as 

language, culture, trust, personal skills, personal attitude 

and preferences 

Identified from the data analysis of work-output dependency 

between development teams (Dependency 1) 

Lack of Trust Lack of engagement due to interpersonal issues such as 

language, culture, trust, personal skills, personal attitude 

and preferences 

Identified from the data analysis of work-output dependency 

between development teams (Dependency 1) 

Technical Communication 

Tools 

Tools used for communication has persistent issues that 

is creating challenges in coordination activities 

"There's problem with tools. All of our tools we've problematic 

and so even if you could get a phone call, you can't hear 

them properly or you end of the call after 20 mins" (PSM1) 

 

"Yes, we have challenges from WebEx" (PSM2) 

Process Tool Difficulty is managing the tools used for work or process 

management 

"The manual management of whiteboard is waste of time" 

(PSM1) 
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There are several factors that contribute to these coordination challenges. It is 

important to identify and consider those factors since they have both positive and 

negative effects on the selection and effectiveness of the mechanisms. All the 

distinguishing factors are grouped into three categories as shown in Table 4.13, those 

are Contextual (Temporal, Geographical), Technological and Organisational 

(Management, Team). Each factor contributes to several types of implications for the 

selection and application of coordination mechanisms in this context. For example, 

multiple participants shared their experience with technological issues while 

communicating and coordinating with external teams, particularly at the distributed 

segment of the process. 

“There is a problem with tools. All of our tools we've problematic and so even if you 

could get a phone call, you can't hear them properly or you end of the call after 20 

mins…” [PSM1]  

Similarly, time difference, physical distance, language, and trust are the factors 

associated with temporal and geographical contexts. Finally, the factors in the 

organisational high-level category relate to concerns associated with people, process, 

roles, and authority. The key purpose of extracting these factors is to help the selection 

and adoption of coordination mechanisms in alleviating the coordination challenges in 

DASD and similar contexts.    

Table 4.13: Categorisation of Factors associated with Challenges 

Category Sub-category Category details 

Contextual Factors 

Temporal Time difference 

Geographical 
Physical distance, Language, 

Trust 

Technological Factors Technology 
Communication Channel, 

tools 

Organisational Factors 
Management Process, Roles and Authority 

Team People, Expertise, Mindset 
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4.7 Summary 
This chapter has presented the analysis and findings of the first case studied in this 

research and identified key dependencies that are associated with delay and poor-

quality impacts. A repertoire of activities supported by tools and artefacts, called as 

coordination mechanisms are required to manage the dependencies. It is noticeable 

that the same mechanism could address multiple dependency requirements, but their 

effectiveness may vary based on the coordination requirements. Six categories of 

coordination challenges are recognised impeding the coordination of the 

dependencies, among which people and communication issues are the predominant 

ones. Finally, three types of factors are identified that have an influence on the 

selection and application of the coordination mechanisms in this context. The next 

chapter (Chapter 5) would present the findings of the similar analysis performed on the 

data collected from the second case, followed by the comparative analysis of both case 

findings presented in Chapter 6. 
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Chapter 5 : Case 2 Findings 

 

This chapter presents the key findings from analysing a second local organisation as a 

case study in Distributed Agile Software Development (DASD) and its coordination. 

The work studied in this organisation is the replacement of an existing organisation-

wide Commercial-Off-The-Shelf (COTS) software package with a new enterprise COTS 

software system. The product vendor and their team of developers and domain experts 

were based overseas in multiple time zones, and they worked closely with the local 

development team and users to implement and customise the COTS system. The local 

team used an agile way of working to deliver customised functionality incrementally. 

Several significant and high-impact dependencies were identified, some successfully 

managed, and some were more challenging. Similar to the previous organisational 

case study analysis, the project and process are discussed first in sections 5.1 & 5.2, 

followed by the presentation of activity analysis and findings in section 5.3. The 

coordination analysis process in which the high-impact dependencies are being 

identified is described, and the results are presented in section 5.4. In section 5.5, 

these findings are further interpreted to develop an overall understanding of 

coordination in a COTS-based DASD project context. Finally, this chapter concludes 

with a summary presented in section 5.6. 

5.1 Project Context 

The case organisation is a medium-sized organisation in New Zealand that relies on 

information systems for the provision of utility services to customers, as well as 

managing assets and maintenance. All the products of the organisation support three 

core value streams: Customer, Operation and Planning. Each product represents one 

of the three product streams that use an existing software system. For better business 

operations and customer experience, the organisation approached a new COTS ERP 

system and, at the time of the data collection, were 12 months into the planned two-

year installation and customisation process. The project targeted the successful 
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transition of the current system to the new cloud-based Software-as-a-Service (SaaS) 

product suite, and this project is the focus of this study. We have coded this project as 

“Bluebird” and will use this name in the rest of this chapter. 

The organisation is a council-controlled organisation providing one of the largest utility 

services to the Auckland region. The overall project activities were circled around the 

four customer journey maps: resource, business, network planning and asset. The 

journey maps concentrated on the successful management of assets and resources, 

their distribution and provisioning of services for a rich customer experience. The 

organisation adopted an agile way of working for almost a year prior to the 

commencement of this study, which took place in August 2018. A summary of the 

project context is presented in Table 5.1. 

Table 5.1: Overview of the Bluebird Project context 

Case Name Bluebird 

Organisation 

Organisation Type Commercial 

Organisation Size Medium 

Business activity Utility Service Provider 

Market Auckland Region (Council-Controlled) 

Project 

Project Status On-going 

Project Purpose COTS ERP system customisation  

Project Criticality Medium 

Project Stakeholders 

Global vendor and distributed teams 

and experts, 

NZ-Based POs and Project teams with 

distributed team members 

Local Subject Matter Experts 

Product 
Product Size Medium 

Product Status Immature 

Team 

Number of Teams 7 Squads 

Team size 10 members of O&M squad 

Interviews 
7 members (O&M squad) 

1 Project Manager (Vendor-side) 

Development 
Method 

Agile Approach Scrum 
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There are seven teams (termed as Squad) involved in this customisation project and 

each of these squads focuses on delivering the functionality of different value streams 

in the new system. All the squads had a PO who frequently collaborate with other 

teams based on the release goals. A Chief PO leads the group of POs who are 

responsible for setting the project goals and priorities based on the three core value 

streams. 

One of these seven squads is the Operation and Maintenance (O&M) squad which was 

the subject of this study. This squad was responsible for two core products: IPS (for 

customer billing and inventory) and EAM (Asset management and call centre module). 

The O&M squad comprised ten core members who were responsible for the 

configuration and customization of the O&M module in the ERP system. As illustrated 

in Figure 5.1, eight members were co-located in the NZ site and another two members 

(one FD and one TD) intermittently worked remotely from USA and Singapore, 

respectively for various reasons. These two global members were resourced from the 

US-based vendor who had specialised knowledge of the new COTS system and 

worked full-time as part of the O&M squad. The TD was responsible for scripting and 

configuring new product customizations (including unit tests), whereas the FD focused 

on the user interfaces, business processes and low-level software integration. 

Coordination of the team meetings and dependent activities was challenging at times 

when these two resources worked from offshore, as discussed in the Findings section. 

All the interview participants of this case were from the O&M squad, except the Product 

Manager, who was common for all the squads. The list of participants from the Bluebird 

case indicating their roles and codes is presented in Table 5.2. 
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Figure 5.1: The O&M squad and its coordination context 

The SM of the O&M squad, who is also accountable for three other squads, led the 

agile implementation of the squads by facilitating most of the meetings and agile 

ceremonies. The BA coordinates with the Team PO to write user stories and groups 

them by user personas that are relevant to the O&M squad. He also coordinates some 

inter-team dependencies related to the current sprint and manages the ‘Risks and 

Issue Board’ used to coordinate the inter-team dependencies relevant to the current 

release. Besides, there are several Subject Matter Experts (SMEs) with the specific 

domain expertise of the current system, who are external to the team, involved in most 

of the development activities and closely work with the squad to interpret the existing 

features of the new system. An NZ-based Product Manager (PM) is responsible for 

most of the communications with the vendor and their technical teams. Figure 5.2 

indicates the key stakeholders of the project and illustrates their relationships. It is 

noteworthy that the time zone differences between the New Zealand-based and 

distributed entities were: (1) six hours for the vendor resources, (2) ten hours for 

remote FD in Hawaii (3) four hrs for the remote TD in Singapore. 
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Table 5.2: Bluebird case participants, their roles and codes 

Participant No Participants Role Code Location 
1 Product Owner  BPO NZ 

2 Scrum Master BSM NZ 

3 Technical Developer 1 BTD1 NZ, Singapore 

4 Technical Developer 2 BTD2 NZ 

5 Functional Developer 1 BFD1 NZ, Hawaii 

6 Functional Developer 2 BFD2 NZ 

7 Business Analyst BBA NZ 

8 Tester BTS NZ 

9 Project Manager BPM NZ 

 

There are three main areas of dependencies between the vendor and the O&M squad: 

Support, which handles first-level enquiries, issues and bugs; CloudOps, which is 

responsible for the deployment of new features and data to the cloud; and 

Development, which fixes new bugs identified in the COTS product as well as maintain 

and enhance the existing COTS product. Coordination with this distributed vendor team 

has been crucial for the success of the project, as discussed in the results section. 

5.2 Overview of the COTS-Customisation process 

The O&M squad adhere to most of the core Scrum practices and values, with two-week 

sprints. An overview of the entire software process for the O&M squad is depicted in 

Figure 5.3 and a detailed view of this workflow is presented in Figure 5.4. The seven 

squads coordinate their work to deliver a release every twelve weeks (six sprints). It is 

planned that every three sprints newly finished features are released to a group of Beta 

testers who provide feedback for refinement of the features, data and User Interface 

(UI) for future sprints in the release. At the end of the release cycle, all the 

functionalities within the release are deployed and made available to the relevant user 

groups. Overall, the work and information dependencies between squads were a 

challenging coordination issue and significant effort was spent on managing this, 

including regular maintenance of a squad dependency board as an information radiator 

and Scrum-of-scrum meetings (see the Findings section). Our study, however, focuses 
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on the interactions and effort to coordinate dependencies between local and distributed 

entities related to the O&M squad’s work within the release cycle. 

 

Figure 5.2: Project structure including the key stakeholders 

Requirements Discovery is continuously undertaken but is more intensive for the two 

weeks prior to the start of a new release (i.e. Release Planning). Business 

requirements are identified and clarified from other parts of the business, including 

SMEs, end-users, vendor representatives and the original Request for Proposal (RFP) 

documents. Squad POs, led by the chief PO, coordinate and cooperate to manage 

these business requirements and order them into release cycles. The O&M PO then 

transforms the business requirements for the next release into brief user story Epics 

and groups them into the personnas identified by the squad. Each persona represents 

a user of the products which may be affected by that customisation. The BA then 

converts the Epics into finer-grained user stories and explicitly identifies inter-squad 

dependencies for each story. These user stories are recorded in the Product Backlog 

for this release and further prioritized and organised into six sprints by the squad during 

Sprint planning. 
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Figure 5.3: Overview of the COTS Customisation process 

During the Sprinting phase, as illustrated in Fig 5.4, the main activities were coding 

customizations, testing features, and creating deployment plans. The O&M squad 

conducted daily Scrum stand-ups where both local and distributed team members 

participated, including PO and SMEs who were involved in that sprint. Regular 

consultations were sought from the architecture squad for design and solution advice. 

The Vendor provided the coding standard that was being followed for all the 

customisation and development works. Backlog refinement sessions were conducted 

with the PO and BA to clarify the requirements and prioritisation. A lot of sprint 

information was shared through artefacts on the walls around the workplace (e.g. 

descriptions of personas, release and sprint goals, definitions of “done” and “ready”, 

and project risks). Jira was used as an electronic storyboard for workflow transparency. 

Separate physical squad boards were maintained for intra- and inter-team work 

dependencies, which were placed in the squad’s workspace and in the corridor, 

respectively within clear visibility. Code related to customizations was shared between 

squad members for development in an online code repository. 

There was separate development, testing, user acceptance testing (UAT) and 

production environments, and customizations were moved from one to the next for final 

deployment to the production. While the deployment of features was the responsibility 

of other technical squads, the O&M squad provides the planning and writing 

instructions for deployments related to their products. 



Page 242 

At the end of the sprint, a Sprint Review was conducted often with some stakeholders 

attending electronically. Generally, a Sprint Retrospective was held on the same day as 

the sprint review and was facilitated by the squad PO. A Beta release was deployed in 

every two sprints and goes through testing and feedback from selective user 

representatives before it was ready for final deployment. The final Release deployment 

accumulated three latest beta-release features resulting from six consecutive sprint 

outputs. 

 

Figure 5.4: Detailed view of the COTS Customisation Process 

5.3 Activity Analysis & Findings 

The activity analysis outcome presented in this section follows the same process as the 

previous case described in Chapter 4, section 4.3. In Bluebird, the activity elements 

were mapped to the release cycle within the COTS customisation process that starts 

with a list of release goals that are gradually converted into a working product. All the 

elements presented in this mapping are encountered while analysing the COTS 

Customisation process discussed in section 5.2. These elements are then mapped into 
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a complete abstract visualisation shown in a diagram presented in Figure 5.6 that 

provides an overview of the entire COTS customisation activity. In the following 

sections, the elements of this activity are discussed to represent the actors, their 

organisation, interactions and overall work process to achieve the release goals.  

5.3.1 Object and Outcome 

An example release-cycle of this project that is mapped using an Activity-based 

framework takes business requirements as a shared object for this activity that is being 

organised into release cycles. Collaboration among a group of people involved in this 

activity is required following the predefined process to convert this shared object 

(business requirements) into an outcome i.e. a new feature deployed in the new COTS 

system. 

5.3.2 Mode of operations 

Extensive collaboration among different entities is required to transform the shared 

object into a deliverable product which is considered a mode of operation in this 

project. Since various tools are used to support this collaboration between local and 

distributed entities, the mode of operation can be considered as a technology-driven 

collaboration mode. 

 

Figure 5.5: Actors and their locations for Bluebird project 

5.3.3 Actors and sites 

The customisation of the new COTS product was carried out in collaboration with the 

Vendor, who are geographically distributed and there was a seventeen-hour time 
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difference between the client and vendor’s development site. All the actors and their 

locations with their time zones are indicated in Figure 5.5. 

As shown in Figure, the O&M squad, is a NZ based team, works in close collaboration 

with two vendor-side experts (i.e. one FD, one TD). As discussed earlier, these two 

experts intermittently work from Hawaii and Singapore and NZ sites for multiple 

reasons. There is a 23-hour time and a five-hour time difference with Hawaii and 

Singapore respectively with the NZ site. The PO of the squad directly communicates 

with the PM, who is based in NZ, for any vendor-specific queries and support.  

There are three vendor-side teams involved in this customisation process, those are- 

Product Development team, Support team and CloudOps team. The PM coordinates 

with these teams through the designated representative for all kinds of support and 

issue solving with these three vendor teams. 

There are several SMEs in the client side who have strong domain knowledge and 

expertise about the existing SAP system. They are external to the squads and located 

in the client site who are consulted for queries and understanding the functionalities of 

the existing system to implement them in the new system. They are involved to 

breakdown the user stories into tasks, guiding to achieve any solutions based on the 

current system knowledge.  

Additionally, there are some internal and external stakeholders of the product who 

needs to be involved in different stages of the customisation process. For example, the 

DevOps team is an internal team located in the client site that is closely aligned with 

the operations of the product and they perform the UAT, Sandbox Deployment of the 

customisations. O&M squad needs to coordinate with them for testing and deployment. 

All the existing customers are considered as external stakeholders who will be affecting 

their works; therefore, their perspectives need to be considered in the COTS 

customisation. All these stakeholders are located in NZ and are communicated by the 

PO as per the need. Since the customisation process was still underway at the time of 

this study, these stakeholders had not been involved. However, the organisation is well 
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aware that these stakeholders will face the major impacts from this customisation and 

had planned to include them from the early stage of the product rollout. 

5.3.4 Means of communication and coordination 

Several modes of communication and coordination are being used in this project to 

coordinate between local and distributed sites. There are two segments of 

communication and coordination exists in this case. One segment focuses on the 

coordination between the client and vendor site entities, while another focuses on the 

coordination between the entities present in the client sites. Both Synchronous and 

Asynchronous mode of communication are used in cross-site communications. Email 

and Jira are examples of asynchronous communication mode; whereas phone or video 

conference using screen sharing are most common modes used in synchronous 

communication.  

For local site coordination, squads conduct face-to-face meetings to manage inter-

squad work dependencies. Email is also frequently used to communicate between the 

squads. Intra-squad communications are done either face-to-face or electronically via 

chat tools and video conference. For example, whenever the vendor-side FD or TD is 

working offsite, they frequently communicate with each other using chats and for daily 

standup and other group sessions, the offsite member is connected in phone call using 

a dedicated Smartphone device connected to a gimble stabiliser. 

Different types of shared artefacts aid the communication in different stages of the 

project. For example, Jira is used to log jobs or defects that requires support from 

vendor-side teams. Epics, User Stories, Product Backlog, Sprint Backlog, Deployment 

bucket are several other forms of artefacts that are being used to support 

communication and coordination throughout the project lifecycle. Dependency board, 

Definition of Done (DoD), Definition of Ready (DoR) are examples of physical artefacts 

that facilitate information sharing and communication. For example, Physical 

Dependency Board is being used to record inter-squad dependencies and all the inter-
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squad coordination meetings are conducted in front of this board to visualise the 

dependencies and their status.  

5.3.5 Means of work or mediating instruments 

A repertoire of mediating instruments has been used to manage and perform work 

activities in collaboration with collocated and distributed entities involved in the 

development process. Since all the squads are following the agile way of working, most 

of these instruments adhere to the practices prescribed by the agile framework. For 

instance, to track the requirements in each phase of the development process (from 

the business requirement to deployment), a popular collaborative software 

development tool (i.e. Jira) is used. Different kinds of task management, issue tracking, 

and progress tracking options are used that supports collaboration between multiple 

groups and individuals from both the client and vendor-side. For example, vendor-side 

CloudOps team raised incidents in Jira when a bug is identified. Electronic Squad 

board, Risks and Issue board items are also maintained using this tool. A collaboration 

wiki platform (i.e. Confluence) is used for notes and tags management which is 

integrated with Slack (IM tool) for real time notification of changes in the documents.  

Each squad maintains an Electronic Squad board for task management during sprints 

which has To-Do, In Progress, Blocked, Reviewing and Testing column. Besides, for 

local coordination, physical white board and paper board are respectively used for 

intra- and inter-team work status and progress tracking. A cloud-based collaboration 

tool (i.e. Bitbucket) is used for both code versioning and DevOps management. For 

automated testing, Selenium is used by the client side teams.  

Most of the scrum prescribed practices have been used for managing iterative software 

development life cycle. The business requirements are translated into user stories that 

is being used in the sprint planning session for estimation and self-task assignment. A 

daily time-boxed standup meeting is conducted throughout the two-week sprint 

duration. Backlog refinement sessions and peer review are conducted intermittently 

during the sprinting phase. To foster informal face-to-face communication, all the 
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squads are organised side by side in an open plan workspace. Highly inter-dependent 

squads are placed close to each other to share the same workspace for improved 

collaboration. 

 

Figure 5.6: Elements of COTS Customisation activity in the Bluebird case 

Formal ‘Definition of Done’ and ‘Definition of Ready’ declarations and module-wise 

‘Goal of Project’ are posted on the walls of the squads to facilitate shared 

understanding about the quality requirements for shippable product releases. Scrum-

of-Scrums meeting is conducted once a week to coordinate inter-squad dependencies 

and identify risks and issues in the ongoing release. This meeting is conducted in front 
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of the physical dependency board to visualise the dependencies between the squads, 

locate potential risky dependencies and issues that need to be escalated to the PM and 

synchronise any change in the priorities. All the identified risks and issues are then 

copied in the ‘Risk and Issues board’. Predefined beta-release (i.e. after every two 

sprints) and production release cycle (i.e. after every six sprints) are followed by all the 

squads. Each production release needs to pass through the QA and UAT phases. 

All the elements discussed above are incorporated in Figure 5.6 to portray their 

relationships in this DSD context. As suggested by Korpela et al. (Korpela et al., 2002), 

these elements need to fit together to form a ‘Coordination’ strategy that facilitates the 

successful transformation of the business requirements (Object) into production 

release (Outcome). 

5.4 Coordination Analysis and Findings 

The analysis process of this case is performed using the framework of analysis 

developed for this study and we have followed the steps similar to the previous case 

(as discussed in section 4.4). The process started with the identification of 

dependencies in the prescribed COTS customisation process followed by O&M squad 

and the dependencies are coded (i.e. primary coding) based on our understanding of 

‘who is dependent on whom’, ‘for what’ and ‘why’. For example, The Technical 

Developer (TD) depends on the Functional Developer (FD) for his knowledge of the 

functional features of the vendor provided COTS product to solve client-side issues and 

bugs. The primary level codes were updated based on the review and discussion with 

the supervisors. All dependencies were then classified and grouped into secondary 

level codes based on their dependency purpose. For example, all dependencies 

related to Vendor were grouped together and coded as ‘Dependency 1’ and named as 

‘Dependency on Vendor’. Coding and classification of the data were done 

independently by the researcher and one of the supervisors, and the final codes and 

classifications were agreed on through discussion and negotiation.  
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Table 5.3: Summary of the Critical Dependencies and their impacts 

 Dependency 

Type + Local/Global 
Dependency Description Impact Explanation/Justification 

1 Dependency on 

Vendor (global) 

Client-side squads extensively 

relies on Vendor for their 

expertise, support, and authority 

over the COTS product for the 

customisations and integration of 

the features 

Client-side squads’ work often 

depended on the shared 

understanding or delivery of the 

work at the vendor-side which has 

high potential to block the work 

progress and result in delays in the 

squads’ work 

Only the vendor had the expertise and authority (dependency) 

to complete certain tasks such as bug-fixing and product 

enhancement, as well as cloud-related tasks such as module 

configuration, cloud infrastructure setup, and database 

connection. The onsite PM acts as the liaison person 

(mechanism) to support boundary spanning activities with the 

vendor-side teams. 

2 Dependency between 

Squads (local) 

Client-side squads need to 

synchronise themselves in 

multiple phases of the SD process 

for their expertise, work outputs, 

decision making and risk 

management 

Since squads’ work progress is 

dependent on other squads’, it 

could potentially delay the work or 

wait until they can get hold of each 

other to discuss and manage the 

information or work needed 

Each squad is specialised in part of the COTS system 

customisation on which other squad is dependent on. For 

example, O&M squad depends on DH (Data Hub) squad for 

data collection from the existing system, processing and loading 

to the new system (dependency) that is necessary for them to 

do the customisation work. 

“…data comes from the data hub squad, they refine it which 

requires Business knowledge… very few times to get hold of 

them” (BTS1) 

3 Dependency between 

co-located members 

and remote squad 

members (local + 

global) 

O&M squad members depend on 

both the local and remote 

members for their expertise, 

information exchange, work 

output, decision making to 

manage work deliverable co-

dependencies 

The coordinated participation of 

each member has been crucial to 

the timely information exchange 

and work completion which could 

potentially impact the work 

deliverables and team trust 

All the development works done by the squad heavily relies on 

the expert product knowledge (dependency) of the vendor-side 

TD and FD.  

By participating in regular scrum process activities and ad hoc 

personal communication (mechanism), squad members 

coordinate their information and work dependencies with them. 



Page 250 

4 Dependency on 

squad’s External 

entities 

The identification of the client-side 

customisation requirements and 

their successful implementation 

heavily rely on the external entities 

(e.g. SME, Pilot users) for their 

business domain knowledge 

The availability and participation of 

the external entities have been key 

to the shared understanding of the 

existing system and the 

customisation requirements that 

has impacts on the quality of the 

work outputs 

The SMEs and end users need to be consulted for identification 

of business requirements and their implementations 

(dependency). The SMEs participate in the planning sessions 

and daily standup sessions (mechanism) to respond to the 

information and feedback needs of the squad. 

5 Technical 

dependencies 

The understanding and adherence 

to the technical constraints was 

crucial to perform the 

customisation and integration 

activities  

The shared understanding of the 

technical relationships between the 

products and satisfying those 

constraints is must while working 

on the customisation; otherwise it 

may create risks of delay and 

quality issues  

IPS and EAM system has strong dependency on each other 

which mandates proper data integration (dependency) between 

them. Developers load the data in IPS system (mechanism), 

which is then integrated through a specialised integration tool. 
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Each of the dependencies is further gone through impact analysis to diagnose impacts 

and their root causes, followed by coordination activity analysis to explore coordination 

activities, tools and artefacts, and their performance to mitigate the impacts. Finally, all 

the coordination challenges associated with the dependencies are pointed out with the 

cofounding factors. The results of the analysis are presented in the next sub-sections, 

followed by a discussion section to interpret the key findings from this case study. 

 

Figure 5.7: Dependencies identified in the existing COTS customisation process 

The findings are organised into five key dependencies that were identified in the 

existing COTS customisation process, 1) dependency on vendor (Dependency 1), 2) 

inter-squad Dependency (Dependency 2), 3) dependency between co-located 

members and remote squad members (Dependency 3), 4) technical dependencies 

(Dependency 4). These dependencies are located in different parts of the current SD 

process as indicated in Figure 5.7. It was interesting to discover that the most critical 

and problematic dependencies are those ones with the distributed parties involved that 

is discussed in the findings section. 
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A summary of these dependency categories is presented in Table 5.3 with their 

definition, possible impacts, and justification of their categorisation under each theme.  

Each of the high-level categories are developed through the coding process of all the 

dependencies identified from the case data analysis. The categorisation process for 

each of the critical dependencies is discussed while presenting the findings of the 

respective dependency. However, a detailed list of all the dependencies with their 

primary and secondary coding is included in Appendix C for reference.  

5.4.1 Dependency 1: Dependency on Vendor 

One of the key dependencies that were poorly coordinated was the dependency 

between the development teams and the vendor. The co-located development teams 

relied on the vendor for requirements, their product expertise, work outputs, and 

authority over the infrastructure and strategic decisions. This coordination was critical 

because of the time delays and thin communication channels which made it difficult to 

get Adhoc support from the vendor. A summary of the Squad-vendor coordination 

needs, and barriers is shown in Figure 5.8. The following sections first introduce the 

dependencies on the vendor in the COTS-product customisation process, then discuss 

their issues and impacts, and finally presents the analysis of current coordination 

mechanisms and their challenges. 

 

Figure 5.8: Summary of Squad-Vendor Dependencies and challenges 
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5.4.1.1 Dependency Description 

The vendor dependencies were related to different forms of knowledge (e.g. 

requirements, domain and project specific information, expertise), work-output and 

decision-making dependencies. Some of these dependencies were anticipated prior to 

release or sprint planning (e.g. often technical and product knowledge were shared 

during sprint planning sessions, as user stories and associated tasks were clarified). 

Other types of dependencies became evident during the sprint execution as 

understanding and learning deepened (e.g. development of acceptance tests 

uncovered shortcomings in the understanding of the user story, or a technical problem 

triggered the need for a deeper technical understanding of the product from a scarce 

knowledge resource). The dependency categorisation process is presented in Table 

5.4 with illustrative evidence from the data.  

The requirement dependency on the vendor occurred when client squads needed to 

know the system requirements and scoping the customisation as part of the 

requirement discovery session. This includes the configuration, customisation and data 

migration requirements based on the ‘as-is’ process analysis of the current system that 

will be transferred into the new COTS product. These product-specific requirements 

were required for identifying the release goals and further breaking down the user 

stories during release planning. The expertise and domain knowledge dependency 

occurred whenever the development teams needed support during the development 

and implementation of the customised product features. The vendor had specialised 

teams for product development, support and Cloud-based operations, who can 

understand the client requests and support accordingly. At the same time, several 

types of information and feedback were exchanged between these two distributed 

parties to gain a shared understanding of the product, its functionalities, issues, and 

their solutions to fulfil the acceptance criteria. 
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Table 5.4: Dependencies on the Vendor in Bluebird case 

SL# Primary 
Coding 

Description Part of the Process Evidence from the data 

1 Requirement Client teams rely on vendor to identify SRS and 
configuration requirements, scoping the customisations 
activities (configuration, customisation, and data migration 
requirements) 

Requirements 
Discovery 

The knowledge of the requirements comes from 
understanding of the current system and from the 
vendor, which is further considered as Release goals. 
[BBA] 

2 Expertise Different vendor team members’ expertise is required to 
understand and support the client-side requests 

Sprinting, Deployment The vendor has multi-talented people working who 
support the requests from client sides and provide 
support accordingly. [BSM1] 

3 Domain 
Knowledge 

Vendor-side teams have product specific knowledge to 
solve client-side issues and bugs 

Sprinting There is specific product development team, support 
team and a CloudOps team for each different 
elements of the product. [BPO] 

4 Information Information exchange about the incidents raised by the 
CloudOps team (in Jira) 

Sprinting Technical Developers need to communicate 
CloudOps teams for the incidents raised by CloudOps 
teams in Jira [BTD1]  

5 Feedback Vendor-side feedback is required on the Acceptance 
test/criteria based on User stories 

Release planning and 
Sprinting 

BA receives the feedback from the vendor about the 
Acceptance criteria & Tests case based on the User 
stories and adjusts them accordingly [BBA] 

6 Resource Squads relies on the Vendor to provide coding standards 
that the squads need to follow to avoid quality issues 

Sprinting Vendor provides the coding standard for writing 
codes, and developers follow that guideline to meet 
the standard. For this reason, they do not perform any 
formal code review session [BTD2] 

7 Work output Product side configurations are done by the vendor that are 
required for the customisation and deployment of the 
features 

Sprinting CloudOps team support is required for any feature 
implementation or infrastructure support due to 
security concern [BTD1] 
 
if a functionality is not working, we are going back to 
the Devs, they will investigate it and then got that this 
is product problem, raise an incident ticket [BPO] 

Vendor-side development teams are responsible for 
product specific bug or defect solving which has impact on 
the client-side customisation work 

Sprinting 

Vendor’s CloudOps Team is responsible for cloud-related 
tasks and supports 

Integration-Deployment 
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Integration Squad depends on the Vendor-side teams to 
create DB connections and resolve connection issues 

Sprinting 

Client heavily relies on vendor for all product specific 
support and request handling which is required for their 
development activities 

Sprinting 

Client-side squads relies on the vendor to identify and 
report any incidents found in the product caused by the 
customisation  

Sprinting, Integration - 
Deployment 

8 Authority / 
Decision 
making 

Client and vendor collaboratively decide which part of the 
customisation are performed by whom, i.e. scoping  

Requirement 
discovery, Sprinting 

There is dependency between Product team (vendor) 
and Development team (client) for the infrastructure 
and customisations (decisions) [BPM] 

Client depends on the vendor for strategic decisions for 
product specific customisation (e.g. which customisations 
are viable to align with the ‘as-is’ business process) 

Requirement 
discovery, Release and 
delivery planning 

Vendor is solely responsible to take decisions about the 
infrastructure and their support 

Sprinting, Integration - 
Deployment 

9 Liaison Person Client-side squads depend on PM (Onsite) to support 
Boundary-spanning activities with the vendor, e.g. liaising 
with vendor for technical supports, escalate issues in the 
vendor-side, prioritise Adhoc work requests 

Project management 
(in any phase of the 
development) 

“We have a very thin channel through how the project 
manager who looks after resourcing at that end of it... 
so he's a programme team resource that sits across 
the whole lot” [BPO] 
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There were several types of work-output dependency that occurred during the 

development and implementation phase. For example, product development teams 

were responsible to perform the product side customisations that was required to 

integrate the existing feature in the COTS product. When both the product teams and 

development teams completed their side customisations, CloudOps team performed all 

the integration and implementation activities. In addition, all kinds of technical supports 

such as requests for creating database connections and fixing connection issues, 

infrastructure and product supports activities were also performed by specialised 

support team. All these kinds of work-outputs were important for on-schedule 

completion of the release goals.  

Besides, there were several occasions when important decisions were made in 

collaboration with the vendor and development squads. For instance, whenever there 

was a misalignment with the existing features that would require customisation, both 

parties collaboratively took part to decide what were the customisations needed, 

scoping out who would perform which part of the customisations, how the 

customisation would be developed and implemented in the new product and what kind 

of supports required from the vendor. These kinds of decisions were crucial for moving 

forward and meet the release goals to succeed in this COTS-based product 

customisation project.  

The complex nature of the above dependencies on the vendor leaded to the high 

dependency on the Project Manager (PM) who acted as a liaison person between the 

client and vendor teams. The PM is a member of the programme management team 

who “liaises with the product teams for each platform” [BPO] and mediated most of the 

communications between the parties for all kinds of work and expertise coordination. At 

the same time, he had the authority to make decisions on behalf of the clients and 

escalate the work priorities and support issues in the vendor-side for prompt support. 

Though the PM was a Programme team resource, because of his involvement and 

importance in vendor-client coordination, this dependency is discussed here rather 
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than in the inter-squad dependency section (i.e. Dependency 2 discussed in section 

5.4.2). 

Overall, due to the nature of the project, all the dependencies on the vendor are 

inevitable and poor coordination of them could potentially lead to a number of 

dependency issues discussed in the next section. 

5.4.1.2 Issues and Impacts 

All the dependencies discussed above were further analysed to understand the 

circumstances that triggered them and how they could impact the overall project 

delivery. Vendor dependencies mainly existed due to the shortcomings in the base 

COTS system that did not completely meet the client requirements. There are three 

potential outcomes that intrigued opting for the new COTS ERP system:  

(1) the vendor agrees to extend the functionality of the product for a more general 

market,  

(2) the client decides to customise the COTS system to suit their requirement, 

(3) the client accepts that the desired requirement is not worth the effort. 

The second situation best described the needs of the Bluebird case, where client-

specific customisations were made to meet specific desired requirements, at the 

client’s cost. The need to know how to implement this customisation, often relied on the 

knowledge and expertise of the vendor about their product and its customisation 

capabilities. To add to the coordination complexity, the squad-vendor dependencies 

required coordination interactions with several vendor teams including the product 

development team, the support team, and the Cloud Operations team.  
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In the current situation, because of the two-way communication involved in the 

coordination of dependencies, there were several opportunities for delays such as:  

• delays in recognising a dependency,  

• delays in communicating a coordination need, 

• delay in getting decisions and support 

• poorly communicated coordination needs 

All these delays potentially contributed to further delays in work coordination and 

project deliverables schedules. An example of the communication complexity that may 

be involved in dependency coordination involving information exchange (knowledge 

sharing) between the vendor and a development team member is illustrated in Figure 

5.9. This example illustrates a large number of opportunities for delay between 

information seeking, sharing, clarification interaction and receiving an actionable 

information. This sequence of information exchange could potentially face long delays 

(a day or two) because of the unavailability of the vendor (due to the time zone 

difference). 

In addition, since the squad members did not personally know members of the vendor 

team, there was uncertainty on who is the right person to contact for specific work-

related information. This lack of knowledge about source of expertise or contact person 

leads to potential delay in getting required information, and hence, delays in work 

completion.   

In terms of work-output dependencies, there were two aspects of creating delay in 

getting the work needed by the client’s development squads. Firstly, misalignment 

between the Agile process of the squads and the more linear process of the vendor 

resources had an impact on the social and technical congruence in software teams. 

This was compounded by another fact that the vendor resources had other clients’ 

work to do and so their priorities did not always coordinate with the squad’s needs, as a 

result, requests were getting queued. The PO says, “we've struggled at times with time 

frames around certain defects get raised and also this tickets get raised certain 
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elements of those teams…”. As a result, the squad’s work progress had to wait until the 

vendor’s development work was completed. Since the client squads had cascading 

work dependencies (i.e. one squads’ work-output required by another squad to 

complete their work), there was high risk of cascading delays that had effect on the 

sprint progress. 

 

Figure 5.9: Example of Delays in Coordination with Vendor 

5.4.1.3 Analysis of Coordination mechanisms  

The main coordination mechanism for this dependency was the channel through a 

dedicated resource person onsite designated as Project Manager (PM). The PM was a 

part of the client’s Program Team resource who liaised with each product teams on the 

vendor-side. He primarily represented and negotiated the vendor-side product 

customisation requirements during the requirement discovery sessions. He attended 

the ‘Scrum-of-Scrums’ (SoS) sessions to acknowledge work and support requests for 

all the development squads and coordinated them with respective vendor teams. 

To avail the expertise of the vendor teams, squads used a ticketing system provided by 

the vendor to log all sorts of work and support requests (a.k.a. Incidents). All the 

recorded tickets were linked to respective Jira tickets (client’s issue tracking tool). The 

vendor-side FD and TD, who had access to the vendor ticketing system, were 

responsible for creating the tickets and other developers could communicate by 

commenting on the tickets to understand and resolve the issue. At the same time, the 

squad members could send emails to the respective person handling the tickets for 

additional information and support. The vendor also maintained an online forum which 
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was a good source of information and resource for product specific queries. Since the 

communication and information exchange via this forum was asynchronous, this 

mechanism was not effective in case of urgent and complex issues due to possible 

delays in getting response which might create interruptions in the customer side. 

The Scrum Masters (SM) of the squads coordinated with the PM to escalate issues 

during the SoS meeting. The PM further conducted meetings with vendor teams to 

coordinate whatever tickets are open and resolve any pertaining issues. Additionally, 

one of technical developers mentioned that they had some CloudOps team member’s 

contact which helped them to coordinate and resolve cloud-related issues promptly.  

5.4.1.4 Challenges: 

As the PM worked as a liaison between the customer and the vendor-side to facilitate 

the communication and support related issues, it was challenging for the PM to 

manage all the dependencies timely. At times, there were quite a lot of requests at the 

same time, and this single channel of coordination was insufficient since it created 

difficulties in coordination, which resulting in frustrations among the squads. As the PO 

said,  

“we've a very thin channel through how the project manager who looks after resourcing 

at that end of it… so he's a programme team resource that sits across the whole lot” 

[BPO] 

While managing the request handling and support dependency, the squad needed to 

coordinate with the product development and the support team of the vendor. As this 

process involved people of different expertise and due to the organisational, temporal, 

and technical differences, it required extra effort to coordination things effectively. For 

example, one of the technical developers mentioned that whenever they needed 

support from the CloudOps team, they had to raise the incident through vendor’s 

support request system, then it was assigned to any person to solve the issue. This 

process took longer than expected due to several factors, such as time difference, 

team’s task load and task priorities. In such cases, the squads had to wait until the 
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issue was resolved that might affect the sprint progress. The SM said, “As multi-

talented people are involved, it asks more effort for coordinating, and sometimes 

requests may wait in the queue for support” [BSM]. 

There were other possible issues that created challenges in the successful 

coordination. For example, in some situations, only certain people had access to 

particular resources and information (e.g. Jira tickets) which constrained the 

involvement of a resource person which relied upon the availability of that person. As 

the PO mentioned, while working with a vendor product team, they faced difficulty in 

communication flow perspective, as “some people [only] have access to the tickets”. 

Because of these multi-faced challenges factors, the coordination with the vendor was 

a contest for the squads. 

5.4.2 Dependency 2: Inter-squad Dependency 

Another problematic coordination was the dependencies between the collocated and 

remote team members where they have high expertise and work deliverable co-

dependencies. The dependencies between squads related to cross-cutting concerns 

such as integration and data management that were handled by separate squads, as 

well as functional dependencies between different value streams. This is characterised 

by the coordination between the squads for their expertise, work-outputs, and 

collaborative decision making throughout the development process. The 

inconsistencies between the sprint schedule of different squads and slower response to 

resource and work-outputs were identified as potential risks that could hold up the work 

progress of squads and create massive delays in release schedule. The analysis of this 

dependency and its associated issues are presented below. 

5.4.2.1 Dependency Description 

Due to the nature of large-scale software system development, a significant number of 

dependencies between different functional modules required coordination among 

multiple client’s development squads and supporting roles. Each squad was 

responsible for certain products and focus on delivering the functionalities of those 
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products respectively in the new COTS system. For example, the O&M squad, the 

focus of this study, was responsible for the configuration and customization of two 

products and related modules in the ERP system, which includes, for example, the 

asset management module (requisition, work orders, purchasing) and the call centre 

module.  

While working on these modules, they needed to collaborate with other squads, such 

as the Architecture squad for overall system architecture and design solutions, Data-

Hub squad for data processing and management and Integration squad for integration 

of the functional modules and other systems integration. The primary needs identified 

for this dependency were classified as Requirements, Expertise, Work-output and 

Decision Making as shown in Table 5.5 along with the description and supporting 

evidence from data. 

Since the ownership of product features and their customisations decisions were 

distributed among the squads, intense collaboration was required among them to 

identify the customisation requirements from multiple perspectives, such as product, 

feature, persona. For example, the O&M squad was responsible for identifying all 

customisation requirements for the customer billing and asset management products. 

However, they needed to coordinate with other squads to discover additional 

customisations that might be required from their perspective and vice versa. The 

release goals and planning of the release cycles were dependent on this collaborative 

requirement discovery outcomes.  

Expertise dependencies occurred whenever one squad relied on other squad for their 

specialised skills that was needed about any feature and their implementation. For 

instance, the O&M squad members strongly relied on the Architecture squad for their 

expertise knowledge about the design of the existing system. They needed to 

coordinate with them to understand how the existing design supports any feature, and 

at the same time, got some solution ideas to implement that feature in the COTS 

system.  



Page 263 

Table 5.5: Inter-squad dependency categories and their descriptions 

SL# Primary 
Coding 

Description Part of the 
Process 

Evidence from the data 

1 Requirement All the squads depend on each 

other to participate in requirement 

discovery sessions and identify 

different types of customisation 

requirements related to workflow, 

UI and functionality customisation 

Requirements 

Discovery 

Squads participate in two-

week requirement 

discovery sessions 

(mechanism) before 

ending the current 

release cycle to gather 

requirements 

(dependency) for the next 

release [BPO] 

2 Expertise Each squad has specialised 

knowledge and skills in specific 

area of the system and related 

features which other teams 

depends on 

Release 

planning, 

Sprinting, 

Integration-

Deployment 

“The data comes from the 

data hub squad, they 

refine it which requires 

Business knowledge” 

[BTS] 

  Development teams depends on 

SME for their expertise of the 

existing system 

Requirement’s 

discovery, 

Release 

planning, 

Sprint Planning,  

Sprinting 

The SME’s have strong 

technical knowledge 

about the current system 

domain (dependency) 

which is required to get 

the solution idea for 

developing Proof of 

Concept (PoC) 

3 Work-output Development squads depends on 

Integration squad for creating 

connections (collaborating with 

vendor-side team) to access 

vendor-side resources and 

perform integrations 

Sprinting,  

Integration-

deployment 

The integration Squad 

works for all the value 

streams and each squad 

is dependent on their 

support for integrating for 

testing purpose 

(dependency) [BTS] 

squads depend on O&M squad for 

work order (work requirement) 

Sprinting “Once a record is created 

in EAM which a master 

data, it becomes work 

order for other teams” 

[BTD1] 

Data hub squad collects data from 

the existing system, refines them 

and shares with O&M squad 

Sprinting “The data comes from the 

data hub squad, they 

refine it which requires 

Business knowledge” 

[BTS] 

Deployment squad relies on O&M 

squad for developing deployment 

plans and share deployment 

instructions in Bit Bucket 

Integration-

Deployment 

The FD and TD plans for 

the Deployment and 

develops the Deployment 

instructions that is 
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required to share when 

any feature is done and 

put into the Deployment 

Bucket. [BFD1] 

4 Decision 

Making 

Development squads relies on 

each other to plan for the releases, 

negotiate dependent work 

priorities and perform risk 

management (programme level) 

Release 

planning, 

Sprinting 

During the Scrum-of-

Scrums meetings 

(mechanism), squads 

meet in front of the 

Dependency board to 

identify potential risks 

(dependency) causing 

from the 

interdependencies [BPM] 

 

Besides, development squads heavily relied on the Subject Matter Experts (SMEs) who 

had strong technical expertise in the current system domain, its functionalities, and 

data requirements. Without their expertise, it was difficult to have a shared 

understanding of the current system functionalities which would impact the 

customisation outcomes. Squads needed to coordinate with other teams to avail this 

kind of expertise during the sprint planning and sprinting phase. 

Work-output dependencies occurred in multiple stages of the release process, 

particularly during sprint progressions. It occurred when one squad relies on another 

squad for completing the work needed which might hold up or delay other squad’s work 

progress if not completed on time. For example, the O&M squad relied on data hub 

squad for loading the required data to the system, architecture squad for design 

solutions, integration squad for connection setup and integration activities, DevOps 

squad for preparing the testing and production environments and providing related 

supports. Other squads needed to plan and complete their activities to align with the 

work schedules of O&M squad to avoid dependency issues.  

While managing such work and expertise dependencies, squads also relied on each 

other for collective decision making about the work priorities and scheduling of the 

activities for each sprint. Besides, squads had to coordination with each other to 

identify impediments in the interdependent tasks which might lead to risks. And then, 
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negotiate and manage them properly (i.e. timely and effectively) to mitigate possible 

risks. Additionally, all the development squads depended on another squad called as 

‘Pirates squad’ which consists of people involved in managerial activities. For example, 

there was a Test Manager in that squad who managed all the testers working in 

different squads and took decisions about the frameworks and tools used by the 

testers. He used to take the decisions of all the changes in those tools, and all the 

testers had to coordinate with him to implement the changes for respective modules or 

work segments. Similarly, the environment manager from the same squad was 

responsible for audits and security concerns and squads relied on his advice and 

suggestions to avoid audit and security issues. 

5.4.2.2 Issues and Impacts 

Several types of issues and dependency risks were identified related to inter-squad 

dependency which had potential high impacts in the way they were managed. The 

unplanned work-output dependencies that occurred during the sprint progression had 

higher impacts than the prior-known dependencies. For example, the dependencies 

identified during the requirements discovery and release planning phases were the 

dependencies that the squads were aware about, and they could plan and coordinate 

their activities to manage them properly. However, these dependencies could change 

during the sprint progress and squads required to develop a mutual awareness of such 

changes to coordinate themselves by adjusting their works. For example, if any 

connection issue with the vendor-side was blocking work progress of O&M squad that 

had cascading effect on other squads and release delivery, O&M squad needed to 

coordinate with Integration squad on ad-hoc basis to resolve this issue. There are two 

possible delays in this scenario, 

1. the additional coordination will need additional effort and communication 

between the teams that will create some delays 

2. the integration team must coordinate with respective vendor team to resolve the 

issue which will add some delays due to time zone difference and varying work 

priorities 
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Figure 5.10: Opportunities for Delay in inter-squad dependency 

As shown in Figure 5.10, this example depicts the communication complexity that 

involves multiple rounds of information exchange and work-outputs exchange between 

two collocated and one distributed team. This creates several opportunities for delays 

between the moment O&M squad identifies and communicates the connection issue, 

and get it resolved. As we estimate, this delay can range from two to three days 

depending on the complexity of the problem. On the contrary, integration squad must 

coordinate with vendor team where they have 18-hour time difference which creates 

opportunities for delays in communication. Moreover, the vendor might have other work 

priorities that might result in additional one to two days delay that can increase the 

overall delay for O&M squad in solving the connection issue. 

Though the client development squads were co-located, several participants mentioned 

that it was difficult to communicate and resolve issues quickly which had potential to 

create delays. For example, one participant of this study shared a similar situation 

happened while communicating with the data hub squad and said that  

“the data comes from the data hub squad, they refine it which requires Business 

knowledge…there are very few times to get hold of them” [BTS].  
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Though being co-located, this implies that there is higher probability of delays while 

coordinating adhoc requests. One of the probable reason is the differentiating work 

priorities between the two teams. The Data hub squad was common for all the squads, 

therefore had to prioritise the incoming requests which might be inconsistent with 

respective squads’ defined priority. Similarly, the availability and participation of the 

SMEs who were part of another squad, had been the key to gain a shared 

understanding of the existing system and the customisation requirements. Therefore, 

their availability and responsiveness had impacts on the completion and quality of the 

work outputs. For example, if the SME is not present at the time of the planning or 

stand-up meetings, it will force the developers to make presumptions which may lead 

to incorrect customisations of the features. Subsequently, it will increase the chance of 

delay for additional work and information exchange resulting from this issue. 

5.4.2.3 Analysis of Coordination mechanisms  

There are a number of coordination mechanisms identified to support various types of 

inter-squad dependencies. Some are synchronous, and others are asynchronous, 

some are tools driven and some are artefacts driven. Each of the mechanisms are 

discussed separately in the next paragraphs. 

Scrum-of-Scrums (SoS) Meeting 

One of the key coordination mechanisms for resolving these inter-squad dependencies 

and risks was the ‘Scrum-of-scrums’ meeting. Squads conducted this face-to-face 

weekly meeting in the open workspace to discuss the interdependencies for the current 

sprint and the release overall. The squads shared their dependent activities to 

acknowledge and get feedback from the PM and based on the feedback proceeded to 

the next process. All the key decision making personnel from each squad, such as PO, 

SM attends this meetings with the PM; therefore decisions-making process was faster 

and the issues were resolved quickly in this weekly coordination meeting which is the 

impersonal mode of information exchange (Van De Ven et al., 1976). 



Page 268 

Scrum-prescribed team meetings 

Various forms of team coordination meetings prescribed in the Scrum framework were 

also being used to manage the dependencies between the squads. For example, to 

coordinate the expertise and domain knowledge dependency on SMEs, O&M squad 

invited them in the Sprint planning and Daily standup meetings to ensure their 

presence for answering queries and providing feedbacks on the designs and POCs. 

Additionally, the two-week requirements discovery sessions were used for collaborative 

requirement analysis which positively supported finding inter-squad dependencies. 

Dependency Board and Risk & Issues Board 

The squads collectively maintain a ‘Dependency board’ for listing all the inter-squad 

dependencies for all the sprints in the release. Each squad maintains separate ‘Scrum-

of-scrums board’ to track and manage items of interest from the dependency board. 

These artefacts act as ‘information radiators’ that makes the dependencies visible and 

tracking the progress of dependent works in a synchronous way. Once all the 

dependencies for the next release are identified in the Dependency board, squads also 

identify potential risks associated with the dependencies and put them in the ‘Risks and 

Issues’ board. All the items listed in this board are carefully managed and mitigated ‘as 

you go’ basis during the release progress. 

Adjacent seating arrangement 

Since the O&M squad had strong dependencies with another squad and needed 

frequent communication and coordination to manage them, the higher management 

decided to place them together, side-by-side in the open workspace. This technique 

(i.e. form of coordination mechanism) facilitated awareness of the presence of the key 

resources in other squad and increased informal information exchange. And thus, 

improved the coordination experience between the squads, as “the process got better” 

[BTD2] and reduced the possibility of delays in information sharing and work 

coordination. 
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5.4.2.4 Challenges: 

While working in a large system software development, it is important how well the all 

the squads coordinate with each other to manage their dependencies and meet the 

release deadlines. Though the current mechanisms discussed above were supporting 

most of the inter-squad coordination needs, there were some enduring challenges as 

surfaced by the participants. Interview data indicated that aligning the squad’s sprint 

activities was a perceived challenge while managing inter-squad work dependencies. 

One of the primary reasons of this challenges was the self-organising behaviour of the 

squads. For example, there was differences in terms of the sprint length and schedules 

(i.e. start and end of the sprint) between the squads which created inconsistencies in 

accommodating and managing adhoc work requests. Due to inconsistent sprint start 

and end dates, identifying any dependent tasks could be one week behind for other 

squads, e.g. if one squad starts the sprint planning on ‘Wednesday’ and another squad 

starts their planning on following week ‘Thursday’, the first squad will have to wait for 

another week before they are notified of any dependent work. It would create additional 

stress on the squad to decide and include new work items in the sprint. This might lead 

to probable delays in getting work-outputs and also impact the quality of the 

relationship between them. 

Additionally, there was a known criticality in regulating between the security and testing 

framework which was challenging the coordination between the ‘Framework’ and 

‘Support’ squads. This conflicting framework issue was creating tension between these 

two squads that interrupted the work process in other squads. 

5.4.3 Dependency 3: Dependency between co-located members and remote 

squad members 

For periods of time throughout the project one or the other of the two dedicated vendor 

developers (the FD and TD) worked remotely from the remainder of the squad that 

were co-located in New Zealand. The coordination during these periods of team 

member distribution was therefore a focus of our study. Table 5.6 summarises the 
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significant dependencies identified from the interview of both the co-located team 

members and remote team members along with supporting evidence from the data. 

These are requirement, information exchange and feedback, expertise, domain 

knowledge, work-output, technical, entity and team decision dependencies.  

Most interviewees noted the extra coordination burdens of working with these two 

developers while they were away. The reduced availability and responsiveness of one 

of the vendor developers was critical for ad hoc information sharing and technical 

decisions. Besides, overwhelming amount of testing at the end of the sprint was 

leading to a potential bottleneck situation that had been a critical issue for co-located 

team coordination.  

5.4.3.1 Dependency Description 

Software development is a collective work-output of multiple experts in the team who 

needs to collaborate, communicate and synchronise their works to achieve the desired 

goal. These coordination and collaboration needs might be for various purpose, for 

example, while doing the planning poker, each team members need to form a shared 

understanding about the task requirements and how it can be solved. Therefore, team 

members need to exchange information and details of the task which preferably comes 

from the BA or the PO in the team. Similarly, the tester in the team depends on the 

developer side work-outputs to perform the testing activities; and if the activities of the 

developers and testers are not synchronised properly, coordination breakdowns may 

happen. There are also other forms of dependencies occur between the team 

members during the sprint progression that are crucial and if not managed properly will 

impact the sprint goals. 

Since different persons with different personality and expertise were involved in the 

intra-team dependency, it is critical to harmonise their activities that relied on the 

continuous information exchange and feedback loop in both formal and informal ways. 

In a DASD context, team members might be partially distributed which will cause three 

forms of dependencies, the dependencies between the co-located members, the 
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dependencies between the co-located and distributed members and finally, 

dependencies between the distributed team members. Since only one of the members 

were working remotely at a time, the first two forms of dependencies were present in 

the Bluebird case. All the intra-team dependencies that were presented in Table 5.6 for 

both the co-located and distributed members are separately discussed in the following 

sub-sections. 

Requirement dependency 

Squad members depend on the consistent understanding of the requirements in the 

form of epics, user stories to participate in the estimation and planning sessions. This 

shared understanding also promotes knowledge of the tasks and subtasks that need to 

be executed. While team members are remote, they also need to actively participate 

and give feedback to confirm their understanding to align with other squad members. 

Moreover, this shared understanding helps in reaching to agreements about the other 

dependents and probable solution. The development of shared understanding requires 

continuous information and feedback exchange between the members. 

Information exchange and feedback dependency 

In COTS customisation process, the squad members need to discuss and share their 

ideas and give feedback on the intermediary artefacts such as POC (Proof of Concept). 

The POC is a kind of high-level design that represents whether the functionality is 

doable or not and at the same time, verifies that the functionality suits the 

requirements. The squad members’ feedback on the artefacts helps to back up their 

shared understanding of the customer needs and decide the next work process. The 

tester says, “when there is a broken part notification received, we all gather and 

discuss and prioritise and if needed include in the sprint". Feedbacks also fulfil the 

usability constraints that is an important dependency according to the coordination 

theory (Malone & Crowston, 1994). 
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Table 5.6: Example Dependencies between co-located and remote squad members 

# 
Primary 
Coding 

Description 
Part of the 
Process 

Evidence from the data 

1 Requirement Customisation requirements 

and release goals in the form 

of Epic and personas come 

from the PO that is required 

for planning activities 

Release planning, 

Sprint planning 

PO writes the Epics to 

translate the requirements 

(dependency) based on 

Persona and shares with the 

squad (mechanism) which is 

further broken to user stories 

by BA. 

2 Information 

exchange and 

Feedback 

The planning and 

development activities relies 

upon the information 

exchange and feedback from 

both co-located and remote 

members 

Release Planning,  

Sprint planning, 

Sprinting, 

Integration-

deployment  

When the developer creates 

any POC, they share it with 

the tester to get feedback 

and ideas for correction 

(dependency) 

3 Expertise The development team relies 

on the expert product 

knowledge of the vendor TD 

and FD 

Sprint planning, 

Sprinting, 

Integration-

deployment 

Vendor TD and FD have 

strong knowledge about the 

product that other members 

rely on for understanding the 

existing features, 

architectures and develop 

customisations 

(dependency) 

4 Domain 

Knowledge 

Customization design relies 

on shared understanding of 

related business goals 

Release planning, 

Sprint planning 

While writing the user stories 

and breaking down into 

tasks (during release & 

sprint planning), members 

relies on PO to get details 

information based on 

persona and their workflow 

(dependency) 

5 Work-output The development work by 

the squad members relies on 

the work of the other 

members (both co-located 

and remote) 

Sprinting TD of the squad loads the 

data in the system, which is 

supplied by other squad 

members (dependency) 

  Testers’ work depends on 

the completion of 

customization coding by the 

developers 

Sprinting Tester approach to TD to 

create a random test 

schedule (dependency) and 

share with him to reduce the 

stress at the end of sprint. 

6 Technical Remote customization work 

relies on external access to 

the shared development 

environment. 

Sprinting, 

Integration-

deployment 

While working remotely, 

members need to use 

remote connections 

(dependency) to access the 
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development environments 

that needs to be setup and 

permission. 

7 Entity Scrum activities depend on 

participation of co-located 

and remote members 

Release planning, 

Sprint Activities, 

Integration-

Deployment 

“When there is a broken part 

notification received, we all 

gather and discuss and 

prioritise and if needed 

includes in the sprint” [BTS] 

 

Expertise and domain knowledge dependency 

The squad members had a strong dependency on the two dedicated vendor 

developers, in terms of both sharing their product knowledge as well as their technical 

skills and work capacity. The two vendor-side TD and FD members had specialised 

knowledge of the new COTS system and technical aspects associated with the 

customisations. For example, whenever the developers need any clarification of any UI 

or business process customisation, they would consult with the vendor FD. The FD is 

expert in Functional consultancy, who has knowledge about the business process to 

manage the UI and aligning the software features, would perform functional analysis 

and provide ideas for implementation. Squad members maintains a constant 

communication with him for getting technical details about the product modules, 

feedback on design and work-outputs, guidance for configuration and customisation 

solutions. At the same time, the vendor-side TD has technical skills to solve 

customisation issues, write codes and scripts required to develop any critical 

customisations. Most of the participants revealed that they heavily relied on both 

members which require extensive amount of communication which is strenuous while 

they are working remotely. 

Work-output dependency 

The squad members have cascading work deliverable co-dependencies between the 

remote worker and the rest of the team. Squads’ joint work collaboration contributes to 

the effective utilisation of the team knowledge and expertise. While working in the inter-

dependent tasks in different phases of the release cycle, squad members rely on the 

work-output from other members. For instance, during the release planning phase, BA 
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needs the Epics written by PO to translate into technical requirements in the form of 

user stories. These User stories are the basis of sprint planning sessions that other 

members use for estimation and developing acceptance criteria. Similarly, 

development and testing activities require strong work output coordination during the 

sprint progression. For example, tester’s work relies on the timely completion of 

development and unit test from the developer, “…after the UT, we send it to QA for 

testing, and they test it based on acceptance criteria” [TD]. The tester also requires a 

random test schedule from the developer’s side to plan and organise his activities. In 

the deployment phase, the vendor FD and TD jointly create deployment plans and 

develops the deployment instructions in a specific format (i.e., Business Object 

Document BOD) without which deployment cannot be performed. While some of the 

squad members are working from globally distributed locations, this type of 

dependency between tasks needs to be acknowledged and managed in a timely 

fashion to avoid any disruption of the workflow. 

Technical dependency 

While working remotely, the TD and FD members required remote access to the 

development resources to perform their daily activities. The remote working condition 

relied on the connection setup and access permission that needs to be arranged. Due 

to the company wide security policy, these technical configuration and setup work 

needed to be completed timely to avoid any interruption and work completion delays. 

Since these types of technical requirements only applicable for the O&M squad’s 

distributed team members, these were considered as intra-team dependency that 

required proper coordination. 

Decision making dependency 

There are several types of individual and group decisions making is necessary in 

different phases of the process. For example, the PO is the central decision-making 

authority who decides the priority of the user stories in the backlog. He is also the 

authority to select the owner of the user stories, providing direction and advise for 
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resolving internal and external issues and take decisions about the blockers during the 

sprints. The owners of the stories take decisions about the internal and external entities 

that needs to be involved based on task-subtask dependencies. The deployment of the 

squad’s work deliverables depends on the vendor-side TD and FD who has the 

authority for planning the deployments and related instructions. 

Entity dependency 

All the local squad members depend on the coordinated participation of each member 

in the scrum process activities. Squad members participate in estimation and planning 

process to give their feedback and develop a mutual understanding of the work 

process and requirements. The local squad members depend on the remote member’s 

presence and participation to perform the planning and task estimation process. The 

time of these sessions needs to be adjusted based on the time and availability of the 

remote members that require prior negotiation. 

5.4.3.2 Issues and Impacts 

The most critical issue in this complex multi-site, multi-time zone work settings was 

maintaining a continuous communication to avail required technical specialisation on 

solution development and bug fixing that caused potentially delays because it was 

“harder to share information” and took longer time, e.g. “Ten mins work can take 30-40 

mins…” [BTS] in case of remote team member. Though the FD was quite responsive 

and available most of the time, there was a delay in getting Adhoc decisions and 

feedback due to the time difference which was inevitable. For example, when there 

was a collaboration required between the FD and TD, then “we need to coordinate… 

agree on a time” [BTD1] before they can work together, and this scheduling required 

one-two days based on their availability which was a time delay that was required only 

for global coordination (as shown in Figure 5.11).  
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Figure 5.11: Example time delay in global communication 

Another critical issue identified in the testing phase of the sprint which had high 

potential to create risks. As per the current process, a large amount of testing work 

started two days before the sprint end. The sudden work pressure created stress for 

the solo tester and made it difficult to prioritise testing works that could lead to potential 

bottleneck situation. Moreover, significant amount of discussion and information 

sharing was necessary to have a shared understanding of the changes made, which 

was amplified by the number the defects identified during testing that would impact the 

quality of the output. For instance, if there were 15 anomalies identified by the tester 

that requires minimum 15 mins communication for each one would cost almost four 

hours, i.e., half of a working day. For all the confirmed bugs, it would be difficult for the 

developers to diagnose and solve the issue within the remaining time of the sprint. In 

either case, the squad would suffer from poor-quality work outputs (similar to the issue 

portrayed in Figure 4.19 in Chapter 4) that would cause poor system performance 

resulting from technical debts. 

5.4.3.3 Analysis of Coordination mechanisms 

The main coordination mechanisms that were used to address dependencies between 

local and remote members were the scrum-prescribed meetings. The squad used 

short-iterative sprints to ensure a manageable number of tasks were performed by the 

squad members. For managing the work dependencies, it was important to break down 

the tasks and assign them to squad members and track progress regularly to locate 
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any further dependency or impediments. These task breakdown, estimation and self-

task allocation activities happened during the sprint planning sessions, and further 

coordinated using the daily standup meetings. In terms of the participation of remote 

team members, these meetings involved different forms of technology-mediated 

communication either one-to-one or in the group. 

Several agile practices also supported resource related dependencies. For example, 

during the daily standup meetings squad members shared their requirement of any 

document or material so that everyone got acknowledged and could further coordinate 

the way to resolve them. By ensuring the participation of all the squad members in 

different group sessions like release planning, sprint planning, daily standup, 

retrospectives, the squad managed their knowledge related dependencies. The scrum 

master of O&M squad uses a ‘Fist to Five’ technique to measure the confidence of the 

team members about the probability of completing the sprint goals on time. The scrum 

master gauged the consensus in the beginning and in the middle of the sprint to get the 

agreement of the squad about the sprint progress. An average confidence of three or 

below was considered alarming that required urgent attention to identify and resolve 

the issues hampering the sprint progress. 

The organisation maintained an open workspace where all the development squads 

seated in the same floor and squads having higher dependencies were seated 

adjacent for easier access to knowledge and expertise. Moreover, putting two separate 

wall clocks indicating remote member’s time helped to improve the sense of their 

availability and correct time to communicate with them. As the remote members spend 

a significant amount of time with other members in a co-located space, they already 

developed the shared awareness of other members expertise and their skills. They 

also developed a mutual trust that helped them to know each other’s preferences while 

approaching to other’ whenever needed. For example, the tester mentioned that he 

“…would prefer to call rather than slack, cause it's prompt” [BTS]. For ad hoc feedback 
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or discussion, squad members also communicated via email, slack, or WebEx and in 

some cases, skype calls. 

The SM of the squad scheduled these intra-team coordination meetings to ensure the 

participation of the remote members. While working from Hawaii, the FD shifted his 

working hours to align with that of NZ-site members. He was almost always active and 

open for communication using slack and at the same time, maintained a continuous 

open WebEx channel for creating an ambience of co-located work environment. 

According to the participants, these additional efforts made the coordination process 

easier and smooth. 

5.4.3.4 Challenges 

Although several pre-planned and adhoc coordination mechanisms were applied for 

coordinating the local and remote members, there were still challenges in the way of 

coordination. One of the reason was that the coordination depended on knowing if the 

remote person is ‘available or not’, “sometimes challenging for getting adhoc decisions, 

maybe he is not there, or not in front of the PC, so can't respond" [BTD]. Even if the 

person’s status is showing available in slack, he might not be interested in engaging 

the conversation as it might interrupted his workflow. Therefore, developing the shared 

‘awareness of presence’ was challenging because it was difficult to determine when the 

remote person is available and, at the same time, ready for communication.  

Another challenge that was creating frustration in this global coordination was the 

additional efforts and initiatives which was required to subside interruptions caused by 

time zone differences and technical complications. For example, while conducting 

conference calls for group sessions, the remote person always got priority to discuss 

his issues to avoid interruptions or disconnection due to technical reasons. Additional 

coordination difficulties such as, two remote team member staying next to each other in 

the same hotel, but one was available all the time and other was not, were also 

common in distributed coordination.  
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5.4.4 Dependency 4: Technical Dependency 

Several technical aspects of the product customisation produced a number of 

dependencies that had impacts on the execution of development and deployment 

activities in the process. The difficulties in data extraction from the legacy system and 

data format accuracy were the potential risks identified in this technical coordination. 

Additionally, the accessibility issues due to security concerns have been a persistent 

challenge in this case. 

5.4.4.1 Dependency Description 

A technical dependency is a common type of dependency in software development 

which occurs when a technical aspect of the development needs to be managed 

properly that may affect the development progress. In this COTS customisation 

process, the ERP system had multiple product modules that were interdependent on 

each other for their operations. These dependencies required synchronisation of data 

or actions or exchange of execution instructions etc. For instance, O&M squad was 

involved in customisation and implementation of two functional products (i.e., IPS and 

EAM) that had a strong data exchange relationship between them as illustrated in 

Figure 5.12. From the illustrated inter-relationship, we could extract three specific types 

of technical dependencies, 1) data extraction dependency between current system and 

IPS module, 2) master record creation dependency between ION and EAM, and 3) 

work order dependency between EAM and related modules. 

 

Figure 5.12: IPS-EAM Technical Dependency 

Initially, the developers had to export data from the existing system and load them in 

the IPS module for its operations which represents the first dependency. Once the data 
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was being loaded, the vendor-side developers (FD & TD) could generate the 

integration instructions, which needed to be in a particular format (i.e., BOD). These 

instructions were required by the integration module (i.e., ION) for creating master data 

records in the EAM module based on the data loaded in IPS as represented in the 

second dependency. Therefore, the EAM module functionalities relied on the 

successful data insertion and integration instructions to produce work orders to be used 

by another module as mentioned by the third dependency. For example, a master data 

in EAM module contains several asset related information that was used by the 

procurement module for its purchase operations. Due to this complex technical 

interdependency, appropriate coordination mechanisms should be applied so that the 

modules could work properly and produce desired outputs that other modules relied on.   

Another significant dependency was related to the testing environments that required 

proper coordination. There were separate sandbox environments configured for 

development, testing, QA, user acceptance testing (UAT) and production. Though the 

activities performed in each stage is different from others, their environments should be 

same to ensure the accuracy of the outputs produced in each environment. Each 

environment needed to be constantly updated and synchronized with other 

environments so that they have uniform setup, and all types of testing were performed 

under the same configuration. Any difference in the environments would result in 

conflicts or mismatch in the outputs that would require additional time and efforts to 

resolve the issues. 

In terms of system accessibility, a technical dependency was identified as additional 

configuration and permission required to access both the old and new systems when 

squad members are working remotely. Due to the security concern, the systems were 

not accessible outside the office location. Remote members must go through proper 

authentication, and configuration and setup process in both client and vendor-side to 

allow access to the systems.  All the technical dependencies identified in Bluebird are 

illustrated in Table 5.7 with their descriptions and example evidence from the data. 
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Table 5.7: Summary of Technical dependencies identified in Bluebird 

SL# Primary 
Coding 

Description Part of the 
Process 

Evidence from the data 

1 Inter-module 

dependency 

One module relied on another 

module for its functionality and 

operation that might have 

rolling affect in other modules 

of the product 

Sprinting, 

Testing, 

Deployment 

The tester checks the new 

development affects other 

parts of the IPS and EAM. 

 

The BA facilitates and 

manages the work orders 

in EAM that other module 

relies on. 

2 Technical 

Environments 

The technical environments 

and its configurations being 

used in different phases of the 

development need to be 

synced; otherwise, there is a 

high chance of delays and 

conflicts in release progress 

Development, 

Testing, 

Integration, 

Deployment 

“Now we'll have sandbox 

Dev, QA, UAT and 

production. Issues with 

having UAT when it first 

got stood up, they took a 

copy of production into it. 

And they realised that 

there was some stuff that 

hadn't been configured. 

So, it's been constant 

chasing our tails.” [BPO] 

3 Access 

Permission 

Additional configuration and 

access permission was 

required for the remote 

members; otherwise, could not 

access to the systems (both old 

and new) while working 

remotely 

Sprinting, 

Development 

Due to the security 

concerns, setup and 

permission were required 

for getting access to the 

systems from outside 

environment which was 

difficult. 

 

5.4.4.2 Issues and Impacts 

The first issue that was identified relates to the strong dependency between IPS and 

EAM module of the product. First, this technical dependency consists of multiple steps 

of actions in which multiple squad members are involved. For example, IPS module 

depends on the data (i.e., customer billing data) that needs to be loaded by the O&M 

squad developers. This data should be extracted from the existing system and 

processed by the Data hub squad before being loaded into the system. Several 

interviewees mentioned that it was difficult to export or process data from the existing 

system which might create delays that would impact the development and testing 
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activities. Because of the asymmetrical data structure, it takes longer to process the 

data collected from 2,000 assets which can potentially cause uncertain delays. 

Moreover, the data hub squad “takes too long” to respond queries, and at times 

differentiated work priorities also hold up data processing that would have cascading 

impacts on inter-squad dependencies (as discussed previously) and subsequent work 

schedules. Because of these multi-part, multi-team dependency structure, this inter-

module dependency was prone to risks of causing potential delays which can block the 

work progress of multiple squads.  

In terms of the environmental dependency, one of the potential risk factors was the 

inconsistency of the configurations between the development, testing, QA, UAT and 

production environment which could lead to delays in the customisation process. For 

example, the PO recalled a recent problematic incident where there was a mismatch 

identified in the implementation of a new UAT environment from an existing production 

environment. While troubleshooting, it was found that the UAT was not configured 

correctly as “there was some stuff that hadn't been configured” [BPO]. As a result, the 

Environment Manager squad had to do multiple rounds of communication with O&M 

squad, which the PO verbalised as “constant chasing our tails”, to identify and fix the 

anomalies. And because of such time-consuming coordination effort, there was a delay 

in the release delivery cycle. Another critical impact of such issue could be 

deteriorating relationships between the squads. Since it was evident that there was a 

dispute in detecting ‘who was responsible’ for that issue, it would potentially impair the 

relationship and mutual understanding between the squads. 

5.4.4.3 Analysis of Coordination mechanisms  

Several coordination mechanisms were present in the current process that supported 

the technical dependencies. The scrum-prescribed team meetings, such as sprint 

planning, daily standup meetings are the primary mechanisms used for identifying and 

managing the inter-module dependencies. Team members collectively identified the 

data and integration requirements for specific customisations and synchronise the 
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activities to avoid potential blockers. The peer review done at the code level also 

helped the team members developing a shared awareness of the technical relationship 

between the modules and how their code changed had impacted the modules.  

In case of any unexpected issue, resulting from the technical dependencies, occurred 

during the sprint, squad members escalated those issues in the daily standup for ad 

hoc coordination. Slack and WebEx were used for general and ad hoc communication 

with remote members to manage the activities involving the technical dependencies. 

For example, the integration instructions were created by the vendor-side FD and TD, 

and other developers required to coordinate with them for this activity. The technical 

dependencies involving multiple squads, the weekly SoS meeting was the mechanism 

used for sharing and negotiating activities associated with the technical dependency. 

5.4.4.4 Challenges: 

The main challenges associated with this dependency were the inconsistency between 

the old and new system data requirements. Due to the structural inconsistency 

between the systems, data extraction and processing activities took longer which 

interrupted the activity flow in dependent modules. Besides, data collection and 

processing for 2000 assets was time consuming which had been a challenge for the 

Data Hub squad. Adoption of agile methodology aided in improving the situation by 

dividing the data processing and loading into 400 assets at a time. Participants also 

reported that there was a continuous friction between O&M and Data hub squad 

because of this slow data processing and delayed response which was another 

enduring challenge in this technical dependency coordination.  

In terms of connectivity and environment related issues, several participants mentioned 

about their struggles while working outside from the organisation premises. In this 

global COTS customisation process, the remote member needed to get smooth access 

to the code repository, DB connections and other environmental settings which was 

problematic due to security constraints. This issue influenced the remote members’ 

work-quality that could potentially hamper the overall squad progress. 
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5.5 Interpretation of the Findings 

This section discusses the findings and highlights the insights to answer the key 

questions of this study. At the same time, we have discussed the lessons learned and 

based on that, made some suggested recommendation for practitioner and 

researchers. 

5.5.1 DASD Dependencies 

All the dependency types coded under each key dependencies (i.e. Dependency 1, 2, 

3 & 4) are grouped into three high-level categories using Strode’s taxonomy: 

Knowledge, Activity and Resource (D. E. Strode, 2016) and presented in Table 5.8. A 

knowledge dependency occurs when there is a kind of requirement, expertise, domain 

or task specific knowledge is required to complete any activity and without this 

information, there is high probability of delay. There were several causes identified that 

could lead to delays in getting required knowledge. For example, the unavailability of 

the vendor (due to time zone differences) at the time of need for knowledge 

dependencies could cause long delays (a day or more) between knowledge seeking, 

sharing and clarification interaction sequences due to the time zone difference. On the 

contrary, the reduced responsiveness and availability of the remote worker was 

causing delays for satisfying adhoc information needs. Several participants also shared 

their troubles in getting required expertise since they did not know who has the skills 

needed. Due to this lack of awareness, identifying remote expertise, communicating 

with them, and acquiring required expertise required additional amount of time that 

potentially caused delays. Besides, miscommunication due to language difference and 

lack of shared understanding about the required information had been a prime issue for 

delays in managing knowledge dependencies. 
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Table 5.8: Categorisation of key Dependencies and their impacts 

Dependency 
Type adapted 
from Strode  

(2016) 

Dependency 
Types 

Potential Impact/Risks Cause of the Issues 

Knowledge 
Dependency 

Requirement 

Expertise 

Domain 

Knowledge 

Task knowledge 

Presumptions 

Delays in work completion 

Delay in Project schedule 

 

Reduced availability and 

responsiveness due to time zone 

difference.  

Lack of knowledge about remote 

expertise. 

Inadequate opportunity for adhoc 

communication between squads. 

Increased risk of misunderstanding. 

Language and cultural difference. 

Activity 
Dependency 

Work-output Delay in getting work-

output 

Misalignment of work style or 

process. 

Differentiated/Competing work 

priorities. 

Uncertain work progress. 

Additional effort and time required to 

coordinate with remote member. 

Resource 
Dependency 

Authority 

Entity 

Technical 

Delay in work completion 

Poor quality work output 

Reduced availability and 

responsiveness. 

Testing becomes a bottleneck. 

Firewall and security create barrier. 

An activity dependency occurs when the output of a previous or concurrent activity is 

required to complete a task-in-action and without the output the task cannot be 

completed. The potential delay in getting dependent work-outputs was a key risk 

identified that might be caused by work style or process misalignment, uncertain 

progress of dependent works, competing work priorities and additional efforts while 

coordinating with remote members.  

A resource dependency occurs when a technical or authority resource is not available 

which can potentially create delays or poor-quality work outputs. The primary reason of 

the dependency risks associated with this type of dependency was the reduced 

availability or responsiveness of the resource person who either had decision making 

authority or required knowledge and expertise. This was compounded by the fact that 
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the solo tester with squashing work pressure was creating potential bottleneck and 

struggles in the sprint progression. 

It is noticeable that several of the dependencies involved distributed parties having a 

minimum of six hours’ time difference. Two of the dependency types (i.e. knowledge 

and resource dependency) have impacts directly linked to dispersions factors such as 

time zone, and language and cultural difference. Nevertheless, the work-output 

dependencies were indirectly impacted by the global distribution of the team members 

as additional time and effort required for coordination. 

All the impacts and risks associate with these dependencies are either ‘Delay’ or ‘Poor-

Quality’ type. For example, when any task is pending for a decision from the remote 

member which has been delayed due to the time difference will directly impact the work 

progress. On the contrary, when there is a delay in getting feedback from the vendor 

experts, the developers may use presumptions to complete their work without waiting 

one to two days for getting the response back. This has high potential for rework 

because of the incorrect or partially correct assumptions that the developer made. This 

kind of rework or additional work are form of future delays as it does not have 

immediate impact on the current work progress or project schedule. As discussed, 

while direct delays need immediate attention and effective mechanisms to resolve the 

issues, indirect or future delays require adhoc mechanisms to reduce the delay or 

likelihood of this type of delay; otherwise they can potentially turn into blockers and can 

cause higher impacts. 

The quality impacts or risks are associated with the quality of the outputs resulted from 

poorly coordinated dependencies. For example, the high amplitude of work stress on 

the tester at the end of the sprint potentially results in poor quality work output. This 

kind of issues have high potential to cause distress and frustrations in the tester which 

will have severe impacts on both personal and project performance. 
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All the reasons of dependency issues are categorised into three high-level categories 

depending on their root causes: knowledge, work and process management. As shown 

in Figure 5.13, lack of knowledge about remote expertise, misunderstanding, and 

language and cultural differences are the root cause of knowledge dependency issues. 

Activity dependency issues are resulted from competing work priorities and uncertain 

work progress that are caused by work management problems. Finally, inconsistencies 

in the process management are causing the misalignment of work styles, inadequate 

adhoc communication opportunities between squads, reduced availability and 

responsiveness, and bottlenecks at testing. Understanding the dependency issues and 

their root causes would help the readers and practitioners in reducing the risks and 

their impacts under each category. 

 

Figure 5.13: Categorisation of Causes of Dependency Risks 

5.5.2 Coordination Mechanisms 

The three high-level dependencies discussed above are addressed using a number of 

coordination mechanisms summarised in Table 5.9. It is mentionable that some 

activities are recurring across the mechanisms since they address more than one type 

of dependency. As discussed in previous chapter, coordination mechanisms consist of 

coordination activities, coordination tools and artefacts and structure mechanisms. For 

example, the two-week requirements discovery sessions were the primary coordination 

activity used by the squads to gain knowledge about the requirements. This 

requirement knowledge was transferred to the team level through the release planning 
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and sprint planning sessions. Furthermore, the squads could discuss and identify 

additional requirements during weekly inter-squad Scrum-of-Scrums meeting. During 

this meeting, the squads developed a shared understanding of the interdependent 

activities (i.e. Task knowledge), prioritised and managed them by negotiating in the 

presence of the PM. Any kind of expertise required from other squads were also 

discussed and manged in this meeting. Teams’ internal knowledge dependencies were 

managed by scrum prescribed regular meetings, such as sprint planning, daily 

standup, sprint retrospective. Remote team members participate in these sessions via 

conference calls.  

Several of these coordination activities are supported by different tools and artefacts. 

For example, inter-team activity dependencies for the ongoing release was listed in the 

Dependency board which was posted in the open workspace for clear visibility across 

the squads. This board was effective to radiate the inter-squad dependencies and their 

status. Other artefacts such as physical squad board, SoS board, DoD, DoR are 

posted on the wall around the squad’s workspace. Examples of some physical 

artefacts used in this case are shown in Figure 5.16. Jira was the most important 

coordination tool used while coordinating both inter- and intra-squad dependencies. 

Synchronous conference calls via Skype, WebEx administered and liaised by the PM 

were the primary mechanisms used for coordination vendor dependencies. Besides, 

O&M squad maintained asynchronous communication channel using email and Jira 

based on the personal relationship with the vendor-side teams. For intra-squad 

coordination, Slack was used by the team members for one-to-one communication and 

information exchange between the local and remote team members. A summary of the 

coordination tools and artefacts and roles supporting the coordination activities is 

presented in Table 5.10. 
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Table 5.9: Summary of Coordination mechanisms, their effectiveness and challenges 

High-level 
Dependency 

Coordination Mechanisms Evaluation of Coordination 
Effectiveness 

Coordination Challenges 

Knowledge 
dependency 

Coordination activities: 
2-week Requirement Discovery, 

Release Planning, 

Scrum-of-Scrums (SoS), 

Sprint planning, 

Fist to five, 

Daily standup, 

Backlog refinement 

Sprint review, 

Synchronous meetings via conference calls, 

Face-to-face formal and informal meetings for local 

coordination 

 

Tools and artefacts: 
Dependency Board, Risk and Issues board, SoS Board, 

Physical and Online Squad board, User story, Epics, DoD, 

DoR, Release Backlog, Sprint Backlog, 

Jira, Email, Slack, WebEx, Online Forum, 

 

Structure: 
Vendor and Client and multiple squad members are distributed 

in different time zones, 

Highly Interdependent squads sit adjacently, 

Collocated PM as Vendor Liaison, SM as Boundary spanner 

for squads, 

Open communication channel for continuous availability 

- Weekly SoS meetings are effective to share 

understanding of expertise and knowledge 

requirements between squads 

 

- Scrum prescribed coordination meetings are 

effective in adhoc information and feedback 

sharing 

 

- Visible shared artefacts (e.g. Dependency 

board) are effective for creating awareness of 

dependent tasks and information radiating 

between squads 

 

- Personal relationship with the Client teams is 

effective for adhoc feedback and support 

 

- ‘Fist to five’ is an effective to improve task 

awareness and identify urgent coordination 

needs 

- Difficulty in communicating with 

distributed members and vendor 

teams due Time zone difference 

 

- Miscommunication due to 

communication channel and language 

barriers 

 

- Restricted information flow due to 

limited access to resources (e.g. 

issue tickets, its progress etc.) 

 

- Members are reluctant to talk which 

makes the coordination process hard 
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Activity 
Dependency 

Coordination activities: 
Scrum-of-Scrums (SoS), 

Sprint planning, 

Daily standup, 

Fist to five 

Synchronous meetings via conference calls 

Random test schedules, 

Face-to-face formal and informal meetings for local 

coordination 

 

Tools and artefacts:  
Dependency Board, Risk and Issues board, SoS Board, 

Physical and Online Squad board, Jira, Email, WebEx, Skype, 

Bit Bucket 

 

Structure: 
Vendor and Client and multiple squad members are distributed 

in different time zones, 

Highly Interdependent squads sit adjacently, 

Collocated PM as Vendor Liaison, SM as Boundary spanner 

for squads 

- Weekly SoS meetings are effective to 

coordinate interdependent activities 

 

- Scrum prescribed coordination meetings are 

effective in identify blockers early and adhoc 

coordination needs 

 

- Visible shared artefacts (e.g. Dependency 

board) are effective for knowing the 

interdependent activities and track their 

progress   

 

- Personal relationship with the Client teams is 

effective for getting quick support 

 

- Communication channels are not effective to 

resolve ad hoc needs from vendor 

 

- Not effective in workload balancing for tester 

- Reduced availability and 

responsiveness due to time-zone 

differences 

 

- Insufficient channel for 

communicating with vendor to resolve 

all squads’ requests 

 

- Difficulty in coordinating between 

self-organising squads due to 

misalignment of sprint progression 

 

- Difficulty in coordinating work 

requests with vendor due to process 

misalignment and competing priorities 

 

- Firewall and security are critical for 

remote members 

Resource 
Dependency 

Coordination activities:  
two-week Requirement Discovery,  

Release Planning, 

Scrum-of-Scrums (SoS), 

Scrum prescribed coordination meetings, 

Synchronous meetings via conference calls 

Face-to-face formal and informal meetings for local 

coordination 

 

- Pre-scheduled coordination meetings are 

effective for assuring the availability of required 

resources 

 

- Inefficient work cycle between the 

development, and testing 

-  Reduced availability and 

responsiveness due to time-zone 

differences 

 

- Data extraction from old system is 

critical and time consuming 

 

- Firewall and security are critical for 

remote members 
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Tools and artefacts:  
Dependency Board, Risk and Issues board, SoS Board, 

Physical and Online Squad board, User Story, Epics, 

Jira, Email, Slack, WebEx, Skype, Online Forum, Code 

Management tool, Bit Bucket 

 

Structure: 
Vendor and Client and multiple squad members are distributed 

in different time zones, 

Collocated PM as Vendor Liaison, SM as Boundary spanner 

for squads, 

Open communication channel for continuous availability 

 

- Too much dependency on PM 

creates difficulty in getting vendor 

supports 
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Figure 5.14: Examples of Physical Artefacts used 

Other mechanisms used to manage the knowledge, activity and resource 

dependencies includes the structure mechanism that specifies the proximity, availability 

and substitutability. The organisation applied the open plan office structure for 

engaging workspace environment to increase the proximity between the squads, and 

particularly, arranged side-by-side seating arrangement for highly dependent squads 

for uninterrupted access to each other. For improved communication and coordination 

with the vendor teams, a dedicated liaison person (i.e. the PM) was assigned who was 

co-located with the development squads at the NZ site. In terms of availability, other 

than the scrum-based team coordination meetings, there was no mechanism 

established to facilitate continuous availability and presence awareness of the remote 

members. However, one of the remote members, out of the box, maintained a constant 

open communication channel via WebEx and slack which was effective to feel as like a 

collocated member which improved his availability.  
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Table 5.10: Summary of Tools, Artefacts and Roles per Coordination activity 

Coordination Activities Tools Artefacts Roles involved 

Requirement discovery 
sessions 

Jira Requirements Backlog POs, SMs, PM 

Release planning Jira User Story, Epics, Persona, 

Squad boards 

PO, BA, SMEs 

SoS meeting Jira, Email User Story, Epics, 

Dependency board, SoS 

Board, Risks and Issue board 

POs, SMs, PM 

Sprint Planning Jira, WebEx, 

Smartphone, Gimble 

stabilizer 

User Story, Epics, Release 

backlog, Physical and 

Electronic Squad board, DoD, 

DoR 

Development 

Team, SMEs 

Fist to Five Jira, WebEx, 

Smartphone, Gimble 

stabilizer 

Physical and Electronic Squad 

board 

Development 

Team 

Daily standup Jira, WebEx, 

Smartphone, Gimble 

stabilizer 

User Story, Sprint Backlog, 

Physical and Electronic Squad 

board, DoD, DoR 

Development 

Team, SMEs 

Sprint Review Jira Sprint Backlog, DoD, DoR Development 

Team 

Sprint Retrospective WebEx, 

Smartphone, Gimble 

stabilizer 

Physical Retrospective Board Development 

Team 

Synchronous Group 
meetings with vendor 

Jira, WebEx, Skype Dependency board, Risks and 

Issue board, Electronic Squad 

Board 

POs, SMs, PM 

Open communication 
Channel for remote 
member 

Slack, WebEx Electronic Squad board Development 

Team 

F2F meetings (local 
coordination) 

Jira User Story, Sprint Backlog, 

Physical and Electronic Squad 

board 

Development 

Team 

 

While evaluating the effectiveness of the coordination mechanisms, the same decision 

rules are applied, and the results are presented in Table 5.9 for each type of 

dependency. It was remarkable to find that majority of the coordination activities were 

effective to reduce or eliminate the inter-squad dependency risks. For example, the 

inter-squad SoS meeting was one of the effective coordination mechanisms used to 

manage all three dependencies. The reason is that all the key members of each squad 

was present face-to-face to discuss and manage the dependencies that were visible in 
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the dependency board in front of them which fulfilled the conditions of explicit 

components for coordination effectiveness (i.e. the right thing is present at the right 

place and at the right time) suggested by (D. E. Strode et al., 2011). Since the key 

resource entities from the squad were present in this meeting, it is easier to negotiate, 

and make quick decisions about the inter-squad dependencies. Furthermore, the 

‘dependency board’ and ‘risk and issues board’ were used for separately managing the 

general and critical dependencies respectively which was effective to prioritise the 

dependency risks and blocker to reduce their impacts. In terms of structure 

mechanisms, The customised seating arrangement for closely dependent squads was 

effective to enrich workspace awareness as suggested by (Mishra et al., 2012). 

While evaluating the mechanisms for proximity and availability of remote members, the 

technology-mediated communication channel and the personal efforts laid by one 

remote worker who synchronised his time at work with the squad’s and had a video link 

always on while he was at work in a dedicated space increased the coordination 

opportunities and reduced delays in workflow.  

However, some coordination mechanisms were not effective enough to manage the 

dependencies. For example, the thin communication channel via PM for the vendor-

client coordination was not sufficient to resolve adhoc needs. Sometimes getting 

attention and solving the issues took longer than expected that created opportunities 

for delays in the process, “we've struggled at times with time frames around certain 

defects get raised and also these tickets get raised certain elements of those teams…” 

[BPO].  

Furthermore, the work cycles between the development and testing activities were not 

efficiently managed in the sprints which was creating high risk of coordination 

bottleneck. The tester confirmed that this inconsistency was notified during the 

retrospective sessions and the squad decided to plan random test schedules during the 

sprints and to give hands with the tester to reduce his workload. Despite the efforts of 
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the squad members, the situation did not change that much, and the tester was still 

stressed out at the end of the sprints which was prone to poor-quality work delivery.  

5.5.3 Coordination Challenges 

There are a total 14 different types of challenges identified in the coordination process 

those are grouped under into six high-level categories: Dispersion, Communication, 

Vendor coordination, Process, Organisation and Technical challenges. Table 5.11 

presents the primary and secondary categories of all the coordination challenges with 

their descriptions. The grouping and categories are created based on the root causes 

associated with the challenges that will helps the practitioners and researchers to find 

ways to resolve them. For example, The SM mentioned that it was difficult to engage 

one of the remote members and get his attention when they required some information, 

either because he was not at work, or because he tended to get focused on his own 

work. Even when they did get his attention it would often take some time to get the 

technology set up to have synchronous communication (e.g. web conferencing). This 

contrasted with the other remote worker who was generally available and attentive to 

requests from the squad. Furthermore, he had set up a space dedicated to video 

conferencing so could be talking with the squad within minutes of a request. Therefore, 

it is considered as a communication challenge resulting from ‘Lack of engagement’ 

rather than dispersion issue. 

On the other hand, it was difficult for the SM to get the velocity and capacity of the 

remote members while planning the sprint which is caused by the physical distance of 

the members. Similarly, due to the 18-hours’ time difference between the two remote 

team members, they faced difficulty in communicating with each other for their 

information and work coordination. Though these two examples were related to 

distributed communication, temporal and physical distance were the primary reasons 

for these challenges; hence categorised as dispersion challenge.  

Another key category specific to this case context was the vendor-client coordination 

challenges. As the success of the COTS customisation project highly depends on the 
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effective vendor coordination, it is important to understand and mitigate the challenges 

in this type of coordination. The coordination challenges of this dependency mainly 

related to the lack of well-documented coordination-related information exchange 

(communication) of distributed teams with differences in time zones, language and 

culture. In addition, since the squad members did not know (or trust, in a team sense) 

members of the vendor teams, another challenge was the uncertainty in who was the 

right person to contact for specific work-related information which aligns with the 

findings of (Brede & Šmite, 2012).  

Table 5.11: Categorisation of Coordination Challenges 

High-Level 
Category 

Primary Category Challenge Description 

Dispersion Issue Time difference  Time difference is creating difficulty in communicating with 

vendor and remote members 

Physical Distance Physical distance is creating challenges in frequent 

communication and coordination with distributed team 

member 

Communication 
Issue 
 

Communication 

Channel 

Miscommunication or reduce response due to the choice of 

communication channel 

Lack of engagement Lack of engagement due to interpersonal issues such as 

language, culture, trust, personal skills, personal attitude 

and preferences 

Availability and 

Responsiveness 

Continuous Availability and responsiveness is a persistent 

challenge while communicating with vendor teams and 

distributed members 

Vendor 
Coordination 
Issue 

Vendor Liaison Solo Liaison authority for communicating with the vendor is 

not sufficient 

Misaligned work 

processes and 

priorities 

Process misalignment and varying work priorities between 

vendor and client is a persistent challenge 

Lack of Trust Squad members face lack of trust due to not knowing the 

vendor team members and their expertise 

Process Issue Data Extraction Complex and inconsistent data structures of the old system 

is challenging the data extraction process 

Organisational 
Issue 

Aligning Self-

organising squads 

Misaligned sprint progression is hindering the coordination 

between interdependent squads  

Technical Issue Security concerns Access to the systems from remote locations is challenging 

due to firewall and security settings 

Access Permission Restricted permission to tickets is creating challenges in 

accessing the tickets 
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Furthermore, the misalignment between the Agile process of the squad and the more 

linear process of the vendor resources was also a source of coordination challenge. 

This may exemplify the findings of (Cataldo et al., 2008) regarding the impact of social 

and technical incongruence in software teams. The other coordination challenge 

mentioned by interviewees relates to the unavailability of the vendor (due to time zone 

differences) at the time of need for knowledge dependencies. 

The challenges identified in this case are further analysed to identify their cofounding 

factors. Similar to the first case, all these issues could be grouped under three types of 

factors: contextual, technological and organisational. For example, the dispersion 

issues are associated with the contextual factors that includes time difference, physical 

distance, language and trust. All other challenges could be categorised under 

technological and organisational issues. The technical factors include the technology 

specific factors such as communication channel and tools. Organisational factors cover 

the issues related to management (i.e. process, roles, authority) and team (i.e. people, 

expertise, mindset) related issues. The categorisation of the coordination challenges to 

their cofounding factors is presented in Table 5.12. 

Table 5.12: Cofounding factors of Coordination Challenges 

Category Sub-Category Coordination Challenges 

Contextual factors 
Temporal Time difference  

Geographical Physical distance 

Technological factors Technology 

Communication channel,  

Security concerns,  

Access permission 

Organisation factors 

Management 

Vendor liaison issue 

Misaligned work processes and priorities 

Data extraction challenges 

Misalignment between squads 

Team 
Lack of engagement 

Reduced Availability and responsiveness 
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5.6 Summary 

This chapter has presented the analysis and findings of the second case by 

determining the key dependencies and associated risks and their impacts on the COTS 

customisation process. Various coordination mechanisms, combining the coordination 

activities, tools and artefacts, and structure, are being applied to manage the 

dependencies with the vendor and local squads and majority of the mechanisms 

except a few are effective to address the dependency risks. Several coordination 

challenges and their cofounding factors are being uncovered. The lessons learned from 

this case analysis are presented with improvement suggestions that would be useful to 

researchers since it raises a number of questions and possibilities, as well as to 

practitioners in similar contexts as suggestions for heightening dependency awareness 

and improved coordination. 
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Chapter 6 : Cross-Case Analysis 

 

This chapter reports the cross-case analysis of the findings from the two case studies 

presented in previous chapters. The first section (section 6.1) discusses the process 

followed in the cross-case analysis. This is followed by discussions of the results to 

understand the similarities and dissimilarities, focusing on their context (section 6.2), 

key dependencies and their impacts (section 6.3), the primary mechanisms for 

coordination and their effectiveness (section 6.4), and perceived challenges (section 

6.5). This chapter concludes with a summary outlined in section 6.6 that paves the way 

to the theoretical presentation of the concepts discussed in the next chapter. 

6.1 Cross-case Analysis process 

A cross-case analysis is a common approach applied in multi-case research where the 

findings of the data analysis are compared and contrasted for essential elements and 

components across cases (Khan & VanWynsberghe, 2008). The cross-case analysis 

results are discussed using the five aspects shown in Table 6.1 to understand their 

similarities and differences. 

Table 6.1: Aspects of Cross-case analysis 

Aspects Description 

Context comparison Contextual Comparison is based on the elements of the Activity-

based framework (i.e., work process, mode of operations, actors and 

sites, means of communication and coordination, means of work), 

including project type, maturity, project complexity, and the notion of 

power. 

Key Dependency types Understanding the commonalities and differences in terms of key 

dependencies identified in each case 

Coordination mechanisms coordination activities, tools and artefacts and structure mechanisms 

used to manage the key dependencies 

Coordination Effectiveness The state of coordination of each case is based on the effectiveness 

of the mechanisms for similar types of dependencies 

Coordination Challenges The challenges faced in each case in terms of coordination in this 

context 
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For the contextual comparison, this study has used Korpela et al.’s (2002) activity 

framework, as discussed in Chapter 4, along with other generic dimensions. For 

example, in a socio-cultural context like Global Software Development (GSD), the 

notion of power is an influential element that plays an essential role in communicating 

and coordinating harmonious actions (Wiredu, 2006). Additionally, the project type, 

complexity, and product maturity are essential elements for contextual comparison 

(Petersen & Wohlin, 2009; D. Strode, 2012). 

6.2 Contextual Comparison 

The contextual comparison results outline the similarities and dissimilarities between 

the cases based on multiple dimensions: Project, Product, Process, Collaboration and 

Authority. We have considered various factors under each dimension to cover a holistic 

view of the case contexts. One of the benefits of this comparison is that it will help us to 

identify the areas of improvement (i.e., misfits) in the coordination process and their 

relationship to the context. For example, as specified in the Bluebird case, the 

extensive dependency on the PM is one of the key challenges in the coordination, 

which is directly related to the project context. Since it is a COTS-product 

customisation project where the vendor has the primary authority over the product 

infrastructure and support, it mandates a dedicated coordinator role to facilitate the 

vendor-side collaboration, which was operationalised by the PM. On the contrary, no 

such role is identified in the Pigeon case since the project is a feature enhancement 

and bug fixing project where the requirements and product feature-related decisions 

are coordinated with the distributed POs (i.e., customers) and co-located Proxy PO 

(i.e., proxy customer). Table 6.2 illustrates the factors and dimensions of contextual 

comparison and their outcomes for each case. 

There are several similarities identified between the cases. For example, both projects 

were of medium complexity and followed a hybrid approach (i.e., a combination of agile 

and traditional methods) which is common in distributed contexts (J. Barlow & Keith, 

2011). While agile practices provide flexibility and improved collaboration, traditional 
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methods provide better control across the co-located and distributed entities. Besides, 

both projects are highly dependent on technology-driven collaboration methods that are 

used to coordinate between local and globally distributed parties located in multiple 

sites. For example, the Pigeon case involves five globally distributed sites to manage 

their software development activities, primarily reliant on the synchronised group calls 

mediated by WebEx and skype supported by virtual collaborative software 

development and issue tracking tool, i.e., Jira.  Similarly, in the Bluebird case, four 

global sites are involved in the coordination process mediated by similar technologies 

to coordinate the dependencies.  

Table 6.2: Summary of Contextual Comparison between cases 

Factors and 
Dimensions Pigeon (Case 01) Bluebird (Case 02) 

Project 
Type Features Enhancement and 

Customer Support  
COTS-product Customization 

Complexity Medium Medium 
Product 

Maturity Matured Immature 
Size Medium Large 
Software Intelligent Healthcare IMS ERP for Infrastructure Asset 

Management System 

Process 
Methodology Hybrid (Scrum + Waterfall) Hybrid (SAFe + Waterfall) 
Workflow Scrum-based Scrum-based 
Shared Object Release goals Business Requirements 

Collaboration 
Mode of 
Operations 

Collaboration and Technology driven Collaboration and Technology driven 

Sites NZ, USA, India, Japan, Europe NZ, Hawaii, Singapore, USA 
Means of 
Communication 

Conference Call, WebEx, Skype, 
Email, Slack, IM, SMART tool, 
Shared Artefacts 

Phone Conference, Video Conference, 
Jira, Email, WebEx, Skype, Slack, 
Shared Artefacts 

Means of Work Collaborative SD Tool (Jira), 
Collaboration Wiki Tool 
(Confluence), 
Squad Board (Virtual), 
Docker, 
Code Version Control (TFS) 

Collaborative SD Tool (Jira), 
Collaboration Wiki Tool (Confluence), 
Squad Board (Physical + Virtual), 
Collaborative Deployment Tool (Bit 
Bucket), 
Automated Testing tool (Selenium) 
Code Version Control 

Authority 
Notion of Power Product Feature Dependent Vendor-dependent 
Entity PO, Proxy PO, DM Vendor, PM, PO 
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However, some dissimilarities (highlighted in red color in Table 6.2) between the case 

contexts have an impact on how the coordination needs are managed. For example, 

the software development activities in the case of Pigeon are mainly focused on new 

feature enhancement and customer support activities of a matured product used by 

clients worldwide. Whereas the development activities in the Bluebird case focus on 

customising a newly purchased COTS-based product to align with the existing system 

features. This contextual difference influences the type of dependencies, their 

complexities, and their impacts. For example, the poor quality work output in the 

Pigeon case could potentially produce a critical bug that can block client activities or 

damage client reputations by sharing sensitive health information. Therefore, 

considerable attention and effort are required in coordination before releasing or 

integrating any new features.  In contrast, for Bluebird, any bug resulting from poor 

quality work output would comparatively have minimal impact since the system has not 

yet been released to the customer. Therefore, there is room for flexibility in quality 

issues in the Bluebird case compared to the Pigeon case. 

Another dissimilarity between the cases is noted in the authority of decision-making. In 

the Pigeon case, the product owners and their representatives make most of the 

feature enhancement requirements and prioritisation decisions. On the contrary, in the 

Bluebird case, decisions made regarding product infrastructure, customisation, and 

integrations strongly depend on the vendor. Indeed, the client also has some authority 

over the decisions of the product features, customisation, and deployments, but it 

needs to be negotiated and approved by the vendor. Because of such differences in 

the notion of power, there is a difference in the entities involved in the project’s 

decision-making. As mentioned, the POs and their proxies are the primary decision-

making entities in the Pigeon case. In contrast, a combination of vendor and client-side 

representatives (Squad POs) are the authoritative entities involved in the decision-

making in the Bluebird case. 
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These contextual differences have an influence on the type of dependencies and their 

way of coordination observed in both cases, which are discussed in the following 

sections. 

6.3 Comparison of key Dependencies 

Comparing the key dependencies between the cases is made using two dimensions: 1) 

dependency relationship, 2) dependency type. There are two reasons for using these 

dimensions; firstly, it will match the framework used in the data analysis where 

dependencies are described using ‘who is dependent on whom’ (i.e., dependency 

relationship) and ‘for what’ (dependency type). Secondly, only understanding the type 

of dependencies would not give a complete picture of the dependencies and, in turn, 

would not be beneficial for the readers. For example, instead of saying ‘developers in 

the team need details of the user stories (i.e., task knowledge) to perform task 

estimations’ if we say ‘developers depend on the BA to get details of the user story to 

perform task estimations’ would provide a better picture of the dependency where the 

dependency relationship is between the developer and BA and the dependency is for 

user story details. This later statement clearly explains the dependency relationship 

(intra-team dependency) and dependency type (task knowledge).  

The cross-case dependency comparison outcomes are summarised in Table 6.3, 

where key dependency refers to a dependency that has persistent risks associated 

with it impacting project’s progress. 

The table data shows that both cases have similar dependency relationships: inter-

team dependency, intra-team dependency, technical dependency, and process 

dependencies. However, it is predictable that there is no vendor dependency in the 

Pigeon case as the product is not outsourced. The Inter-team dependency occurs 

when one development team relies on another to complete its work. In both cases, 

multiple specialised teams are involved in the software development process and need 

to coordinate with each other for different types of knowledge, activity, and resource. 

As observed, both the case projects have prevailing issues in managing the work-
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output dependencies that have been critical for inter-team coordination. In Pigeon, the 

inter-team coordination issues were raised due to the uncertain and poorly coordinated 

work requests that impacted their work progress and team relationship. Whereas, in 

the Bluebird case, the issues were raised by the delayed response from the data hub 

squad, creating uncertainty in getting the required output and delay in work completion.  

Table 6.3: Summary of Dependency Comparison between cases 

Dependency 
Relationship 

Key Dependencies in 
Pigeon 

Key Dependencies in 
Bluebird 

Facts 

Inter-team - Knowledge 

(Requirement, Expertise, 

Task) 

- Activity (Work-output) 

- Resource (Authority) 

- Knowledge 

(Requirement, Expertise) 

- Activity (Work-output) 

- Resource (Authority) 

Low distribution impact in 

Case-1. 

Case-2 has a higher 

knowledge dependency 

between teams. 

Intra-team - Knowledge 

(Requirement, Expertise, 

Task) 

- Activity (Work-output, 

Business Process) 

- Resource (Entity, 

Authority) 

- Knowledge 

(Requirement, Expertise, 

Task) 

- Activity (Work-output) 

- Resource (Entity) 

High distribution impact in 

Case-2. 

Case-1 has a High 

Dependency on a Single 

resource person. 

Case-2 has a high 

dependency on vendor-side 

developers. 

Vendor-Client Not Applicable - Knowledge 

(Requirement, Expertise, 

Task) 

- Activity (Work-output, 

Business Process) 

- Resource (Entity, 

Authority) 

Dependency is not 

applicable for Case-1. 

High distribution impact in 

Case-2. 

Case-2 has a high 

dependency on the vendor 

coordinator. 

Technical - Resource (Technical) - Resource (Technical) High distribution impact in 

Case-2. 

Process - Activity (Work-output, 

Business Process) 

- Activity (Work-output, 

Business Process) 

Low distribution impact in 

Case-2. 

Considering the dependency types, knowledge dependency had a substantial impact 

on inter-team coordination, particularly in the Bluebird case. A possible explanation of 

these findings may be related to the immaturity of the product. Since the development 

teams in the Bluebird case are working on the customisation of a new COTS product to 

replace an existing system, they had to rely on other internal teams for the knowledge 

about the old product to replicate the features in the new system, and at the same time, 
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on the vendor development teams for their expertise and domain knowledge about the 

new product. Participants from the Pigeon case mentioned that the module teams were 

mainly independent in their daily knowledge dependency and only exchanged 

information related to the work-in-progress. It can thus be suggested that product 

maturity influences the knowledge dependency between development teams. However, 

none of the cases reported any significant impacts caused by the distribution of 

knowledge dependency and related issues. Therefore, the distribution of the teams 

might likely have a low influence on the type of inter-team dependencies and 

associated issues. 

The intra-team dependency occurs when members of the development team depend 

on each other for their daily activities. Both the case findings highlighted similar types 

of dependencies throughout the development phases. In the Pigeon case, all the team 

members are co-located, and the majority of the dependencies and their issues are 

related to DM, who is the central knowledge and decision authority of the team. 

Extensive reliance on a single resource entity is potentially creating risks in intra-team 

coordination which is an administrative issue. While in the Bluebird case, the critical 

issues in the intra-team dependencies involve two vendor resources intermittently 

working from remote locations. Other team members rely heavily on their expertise and 

technical knowledge of the product, which was reportedly disturbed by their 

unavailability and poor responsiveness due to time differences. According to these 

findings, it can be inferred that the distribution of the team members strongly impacted 

the intra-team dependencies; however, it is not the primary reason for dependency 

issues in this relationship. 

Vendor-related dependencies apply only to the Bluebird case in which several types of 

dependencies are located, such as: understanding the COTS-product features 

(knowledge), negotiating any additional customisation requirements (decision-making), 

and getting technical support and feedback (work-output). Due to the nature of the 

project, the success of this project was heavily reliant on the effective coordination of 
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these dependencies. As indicated in the findings chapter, the time zone difference and 

lack of mutual trust had been creating delays in managing these types of 

dependencies. Moreover, the management of these dependencies relied upon a thin 

channel through a dedicated liaison person, which was perceived as a challenge in 

fulfilling the temporal constraints. 

Technical dependencies are core to the product performance, and ineffective 

coordination related to technical aspects may raise significant issues and risks in the 

project. In both cases, the inter-module and the cascading relationship between the 

product components were the primary types of technical dependencies. There were 

additional testing environment-related issues observed in the Bluebird case. As 

discussed in the Findings chapters, the higher the number of modules in a product, the 

more complex the technical dependencies are. Therefore, the product size strongly 

impacted the technical dependencies and, thus, considered an influential factor for this 

dependency type. Furthermore, in the Bluebird case, the physical dispersion of the 

team member’s introduced new technical dependencies (e.g. remote access 

permission and setup), which is considered another influential factor for this 

dependency. 

Several process dependencies exist in both case projects. For example, in the Bluebird 

case, while getting a vendor side work support, the client-side development teams 

should follow a certain procedure to lodge the request and wait until they get a 

response from them. The vendor support team is responsible for handle multiple client 

requests at a time, so they investigate the request based on their work priorities which 

may impact development teams’ work progress. Due to the nature of the project and 

process, it is inevitable to get rid of this process guidelines. A similar type of process 

constraint identified in the Pigeon case where the existing customers of the product can 

lodge their issues via a dedicated software created for this service. All the customers 

should follow this procedure to get product specific support. However, there is some 

room for flexibility noticed in this case, and on several occasions, customers directly 
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emailed the development manager to avoid the queues and get urgent support which is 

contradictory to the other case findings.  

Process dependency issues also relate to misalignment between the development, 

testing and QA cycle which has high impact on delay and quality. For example, in the 

Pigeon case, both the sprint and release progress highly relied on the test activity 

output (i.e., work-output dependency) and there was a certain process that was needed 

to be followed to perform the testing activities to align with the development activities. 

Likewise, there was a similar testing cycle management issue observed in the Bluebird 

case where the testing activities started 2 days before the end of sprint which was 

creating risks of bottleneck and quality concerns. Therefore, it is plausible to assume 

that project type and the process guidelines have strong influence on this type of 

dependency. In Pigeon, the process dependencies involved distributed QA teams, 

which created risks of delay and poor quality output. In contrast, process dependencies 

only involve distributed vendor teams in the Bluebird case, which have very low 

impacts on the coordination. 

The cross-case comparison revealed some interesting facts about the dependencies. 

While both cases encountered dependency issues in relation to decision-making, there 

was difference in the way the element of power was generated. In the Pigeon case 

organisation, the issue was related to one person (i.e., DM) having the authority to 

make most of the work-related decisions of the team leading to potential bottleneck 

situation. This authority has been assigned to him according to the hierarchical power 

structure of the management which has potential to create bottleneck. If we consider 

the Bluebird case organisation, there was a clear layer of dependency related to the 

vendor in the decision-making authority. In a COTS-based customization project, this 

layer of authority is expected and there is no way to get away from this control. 

However, in the Pigeon case, it was not true since the central authority structure was 

artificially created and could be changed. In fact, the management made an effort to fix 

this issue and re-defined the responsibilities of the Development Manager based on the 
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feedback provided from this analysis. Additionally, the vendor-related dependencies 

found in the Bluebird case were not present in the other case, which supports the 

previous findings and thus can be articulated that in a COTS-customisation project, the 

decision-making entities and dependencies are strongly influenced by the vendor 

organisation. Therefore, the project type can be considered as an influential factor for 

the DASD project dependencies and relationships. 

Secondly, the comparative analysis of the dependencies between the cases indicates a 

negative influence from the dispersion factors, i.e., temporal and geographical 

distribution. As presented in table 6.3, three (3) out of the five dependency 

relationships have high influence from teams’ or member’s dispersion and interestingly, 

all of them are associated with the Bluebird case. The remaining two relationships 

indicates low influence out of which one is associated to the Bluebird case of this study. 

This could be implied that COTS-based customisation projects having high 

dependency on the globally distributed vendor might have higher effects of dispersion, 

particularly temporal dispersion, then that of in Feature enhancement projects. 

However, with a small sample size, caution must be applied, as the findings might not 

be appropriate in other similar case projects. 

Additionally, we have observed a team-related factor that has influenced on the type of 

dependencies faced in the process. Different teams would face different types of 

dependencies depending on their expertise and their involvement in the project. For 

example, the Program squad in the Bluebird case is the program team and typically 

relates to resource type dependencies, e.g. outsourcing and managing any special 

developers not in-house. So the majority of their daily dependencies would be related 

to resource type. Whereas the O&M squad, which has expertise in operations and 

asset management and customer billing modules, faces knowledge (e.g. understanding 

of customer billings services), activity (e.g. writing SQL scripts), technical (e.g. maintain 

the inter-module dependencies) dependencies. Therefore, team expertise can be 
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considered as an important dependency factor in this context as claimed by (Espinosa, 

Lerch, et al., 2002).  

  

Figure 6.1: List of situational factors influencing the DASD dependencies 

Overall, there are six (6) situational factors identified from the cross-case analysis that 

may have an influence on the dependency relationships, dependency types and the 

risks and impacts associated with them, those are: project type, product maturity and 

size, team expertise and physical dispersion. These factors are further grouped into 

four high-level categories based on their key properties, such as project type under 

Project, product maturity and product size under Product, Team expertise under Team 

and physical dispersion under Dispersion. Figure 6.1 illustrates the list of situational 

factors and their sub-types indicating their influence on the DASD project 

dependencies. 

Table 6.4: Analysis of Dependency Risk impacts in both cases 

 Dependency Risks 

Delay Poor-Quality 

Pigeon (Case-1) High High 

Bluebird (Case-2) High Low 

As discussed in the findings chapters, both the projects are being exposed to 

significant vulnerabilities leading to risks of delay and poor-quality dependency 

outcomes. Table 6.4 highlights the severity of the dependency risks in the two study 

cases. However, the cross-case comparison indicates that the Pigeon case is 

susceptible to Higher impacts from both delay and poor-quality outputs. On the 
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contrary, the delay risks have Higher impacts than the quality risks in the Bluebird 

case. The reason is that the Pigeon case is working on a mature product which has live 

customers, therefore any delays in critical client issue fixing or any vulnerabilities 

created by a poor-quality work would have severe customer impacts. In case of the 

COTS Customisation project, there is some flexibility in the quality aspects, since the 

project is under development and there have been no customer impacts identified at 

this stage of the project. Based on this outcome, it is predictable that Mature product 

development projects would have higher impacts from the dependency risks than in 

under-development software projects.  

6.4 Comparison of Coordination Mechanisms and their effectiveness 

This section presents the comparison of the coordination mechanisms used to manage 

the dependencies identified from both the cases, except the vendor-related 

dependencies because it is not applicable to Pigeon case. A summary of the 

coordination activities, tools and artefacts and structure mechanisms for each 

dependency relationship, including the vendor dependency, is presented in Table 6.5 

which are discussed in the following paragraphs. 

6.4.1 Mechanisms for Inter-team dependency 

While managing the inter-team dependencies, both the cases relied on the 

synchronised pre-scheduled meetings for their information exchange, dependent work 

negotiations and resolving issues. The only difference located in this activity is the way 

of conducting the meetings. In Pigeon, this pre-scheduled ‘Tech Sync’ meeting is 

conducted virtually via the conference phone call with screen sharing. Since multiple 

teams from different time zones are present in ‘the same place’, ‘at the same time, this 

form of meeting is effective in coordinating inter-team dependencies. As mentioned by 

one of the SM, “…the environment where they are all talking to each other, decisions 

come quickly…” [PSM1]. But our observation of these meetings identified that the 

phone conference calls are challenging due to a lack of physical expressions and 

technical issues. Sharing photos of each other, when there are no options for video call 
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and they never met each other, could improve their impressions, as said, “after he gave 

me the photo, I showed them a picture of [Philip]'s team, and he was thrilled” and “that 

was my way to make themselves comfortable” [PSM].  

In the Bluebird case, the pre-scheduled ‘Scrum-of-Scrums’ meetings were conducted 

face-to-face in front of the dependency board where all the key persons (i.e., SMs, 

POs, PM) are present to discuss the dependencies, their priorities and make decisions 

of their execution. Since all the teams and their representatives are collocated, this 

opportunity for face-to-face meetings had privileged to reduce the challenges faced in 

the former case context which the key difference in the way of coordination. Moreover, 

the always visible wall-posted dependency board was an effective information radiator 

of the inter-team dependencies and their status for the ongoing release. All the 

coordination activities identified in both cases were supported by similar types of tools 

and artefacts. Because of the global distribution of multiple teams, physical proximity 

between the teams was not possible in the Pigeon case and the Scrum Master and, if 

required, Product Manager acted as ‘coordinator’ role for all the boundary spanning 

activities. In the Bluebird case, high proximity between the development teams was 

achieved by placing them in the shared open workspace, and more effectively, putting 

highly interdependent teams adjacently in the same block. 

Considering the effectiveness of the coordination mechanisms, the development teams 

in the Pigeon were struggling to coordinate the early identification and notification of 

their dependencies which was creating risks of delay and poor-quality outcomes. 

Though similar types of coordination mechanisms were practiced, these types of risks 

were not apparent in the Bluebird case. There were two likely causes contributing to 

this situation. Firstly, the inter-team dependencies in the Bluebird case were well 

managed through the joint release planning meeting which facilitates early identification 

of inter-team dependencies. And if there are any new dependencies identified during 

sprint, those are discussed and managed during the weekly Scrum-of-Scrums (SoS) 

meeting. During the SoS meeting, the squads discussed all the possible dependencies 
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for the current release cycle and those were distributed into sprints that are tracked 

using the dependency board. The development iterations (i.e., sprints) did not start until 

the dependencies were coordinated with other squads and tracked through the shared 

artefact. These triage sessions and coordination meetings were effective to reduce the 

chances of uncertain dependencies that could create block the release progress. 

Secondly, the close proximity between the teams could be another contributing factor 

to eliminating this dependency risks. Since teams are collocated in the same open 

workspace, the PO’s and SMs of the squads got opportunities for adhoc coordination to 

resolve urgent issues. In contrast, the two highly dependent teams in the Pigeon case 

were globally distributed, which was creating delays in resolving code issues on Adhoc 

basis. As stated by one of the developers,  

“If I know the respective team, e.g. in the last month I just jumped into the [X] team and 

fixed the bug. it really depends. But it’s possible if the team is here or local.” [PDV1] 

In this case, the code issues between the distributed teams took longer to be resolved 

due to the chain of communication, which could be avoided if the teams were in close 

proximity. Therefore, co-location of the highly dependent teams and joint planning 

meetings deemed effective to reduce the risks caused by unmanaged dependencies.  
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Table 6.5: Cross-case comparison of Coordination mechanisms 

Dependency 
Relationship Pigeon Case Bluebird Case 

Inter-team 
dependency 

Coordination activities: Synchronous scheduled Virtual Inter-team coordination 
meetings (e.g. Tech-Sync meeting, QA meeting, Support Meeting) via conference 
call and screen sharing, 
 
Asynchronous communication via Email and Jira 
 
Artefacts: User story, Electronic Squad boards, Jira Issue Tickets 
 
Tools: Jira, Email, WebEx, Skype 
 
Structure: Temporally distributed and co-located interdependent Development 
teams, 
 
Scrum Master and Product Manager as boundary spanning activity coordinator 

Coordination activities: 
Synchronised scheduled face-to-face Inter-team coordination meetings 
(i.e., Scrum-of-Scrums) in front of the Dependency board 
 
Asynchronous communication via Email and Jira 
 
Artefacts: Dependency Board, Risk and Issues board, SoS Board 
  
Tools: Jira, Email, WebEx 
 
Structure: 
Co-located inter-dependent development teams in Open space work 
environment, 
 
SM as Coordinator between teams, 
 
Highly Interdependent squads sit adjacently 

Intra-team 
dependencies 

Coordination activities: 
Agile prescribed face-to-face coordination meetings (e.g. Sprint planning, daily 
standup, Backlog grooming, sprint review) 
 
Asynchronous communication via Email, Jira 
 
Artefacts: User story, Backlogs, Electronic Story board, Software code, ‘How to’ 
docs 
 
Tools: Jira, Confluence, TFS, Slack 
 
Structure: Close proximity of the team members 
SM as Agile coach 
 

Coordination activities: 
Agile prescribed virtual and face-to-face coordination meetings (e.g. 
release planning, Sprint planning, daily standup, Backlog grooming, sprint 
review and retrospective) 
 
Asynchronous communication via Email, Jira 
 
Artefacts: 
SoS Board, Physical and Online Squad board, User story, Epics, DoD, 
DoR, Release Backlog, Sprint Backlog 
 
Tools: Jira, Confluence, Email, Slack, WebEx 
 
Structure: 
Temporally distributed and co-located team members, 
Open communication channel for continuous availability of remote 
member 
SM as Agile Facilitator 
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Vendor-client 
dependencies 

Not applicable Coordination activities: Synchronised virtual meetings via conference 
calls,  
Scrum-of-Scrums meeting for coordinating with Product Manager 
 
Asynchronous communication via Email, Ticketing tool 
 
Artefacts: Online forum, Coding standards  
 
Tools: Jira, Ticketing tool, WebEx, Email   
 
Structure: 
Temporally distributed vendor teams, 
SM and PM as coordinator 

Technical 
dependencies 

Coordination activities:  
Tech-sync meeting, Q&A sessions during inter- and intra-team meetings, Triage 
Sessions, Adhoc meetings 
 
Artefacts: ‘How to’ docs, Software code 
 
Tools: Jira, TFS 
 
Structure: Close proximity between Co-located team members, Temporal 
dispersion between teams 
 

Coordination activities: 
Scrum-of-Scrums meeting, Requirement discovery sessions for product 
level coordination, 
Agile prescribed team coordination meetings, Adhoc meetings 
 
Artefacts: Dependency Board, Online forum 
 
Tools: Jira, Email, Slack, WebEx 
 
Structure: 
Temporal dispersion between team members,  
Close proximity between Co-located inter-dependent development teams 
in Open space work environment, 
SM as Coordinator between teams 

Process 
dependencies 

Coordination activities: 
Separate iterations (i.e., Sprint) for Development, Testing and QA, Test Review 
meeting, QA meetings 
 
Adhoc communication via email 
 
Artefacts: Electronic Squad board (separate for testing and development) 
 
Tools: SMART tool, Jira, Email 
 
Structure: Development Manager as Point of Contact for customers’ and QA 
queries, SM as iteration facilitator 

Coordination activities:  
2 days for testing at the end of each iteration, 
Synchronised virtual meetings via conference calls for vendor 
collaboration, Scrum-of-Scrums meeting for coordinating with Product 
Manager 
 
Asynchronous communication via Email, Ticketing tool 
 
Artefacts: Jira Tickets linked to vendor ticketing tool 
 
Tools: Jira, Ticketing tool, WebEx, Email 
 
Structure: Temporally distributed vendor teams, 
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SM and PM as coordinator 
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6.4.2 Mechanisms for Intra-team dependency  

There are a number of similarities and differences noticed while coordinating intra-team 

dependencies. Both cases have co-located team members working in the fortnightly 

sprints. While all the team members in the Pigeon case were co-located, in contrast, in 

the Bluebird case, there were two members within the participating team intermittently 

working from remote locations. In both cases, the development teams’ coordination 

activities were based on Scrum and XP practices, for example, coordination meetings 

such as sprint planning, daily standup, backlog grooming, sprint review and those were 

supported by several shared artefacts such as squad boards, user stories, backlogs 

maintained in Jira and confluence. Emails and Slack were frequently used for both co-

located and distributed member communication.  

In both cases, majority of the coordination mechanisms applied for managing intra-

team dependencies were effective. In Bluebird, all the coordination activities, tools, 

artefacts and structure mechanisms were supporting well to manage the collocated 

team members coordination needs. However, there was a lack of mechanism to 

support substitutability in the Pigeon case which had a risk of potential bottleneck. As 

discussed in the findings section in Chapter 4, the high availability and extraordinary 

performance of the DM was covering this lacking, but it is not sustainable for long term. 

On the contrary, although having two remote working members, there was no issues 

reported or analysed in the intra-team dependencies. Since the remote members have 

co-located working experience with other team members, they developed a good level 

of mutual understanding while working together and participating in socialization 

activities that mitigated the risks related to trust (Al-Ani & Redmiles, 2009; Brede & 

Šmite, 2012).  

Moreover, the open communication channel using slack and WebEx facilitate better 

availability of the remote members as observed in the Bluebird case. As stated by the 

SM of the O&M squad, while two members staying adjacent rooms in the same hotel, 

and one was always available using the open communication channel and the other 
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one was not, which made a big difference in their coordination. It is analogous to the 

idea of continuous coordination that enables opportunities of informal communications 

based on mutual awareness of the activities performed by the remote member (Al-Ani 

& Redmiles, 2009; Redmiles et al., 2007). An implication of this is the possibility that 

the open communication channel could better support the continuous coordination 

between distributed team members. 

6.4.3 Mechanisms for Technical dependency  

Both the cases have indicated technical dependencies relate to strong inter-module 

relationships discussed in the respective finding’s sections in chapter 4 & 5. One of the 

key mechanisms for coordinating this complex and cascading technical dependencies 

is to develop sound understanding of the inter-module relationships, including the 

product architecture, integrating modules, and inter-relationship between them. The 

primary benefit of this shared understanding is that developers will understand of the 

effects of the code changes in other parts of the system, and they will be “lot more 

confident in (their) changes rather than going and changing a little bit and just gonna 

hoping it's not breaking anything” [PDV2]. Another benefit includes the support for 

faster localization of the source of the bugs, i.e., whether the bug is created by other 

team’s change or the local changes. Thus, Teams can start communicating with the 

respective team early which has been a persistent challenge for the Pigeon case. 

In both cases, the coordination mechanisms addressed the technical dependencies in 

two levels: product and team level. The product-level understanding includes a shared 

understanding of ‘which team is working in which part of the product’ and ‘how my work 

is inter-dependent on other teams’. In Pigeon, the weekly ‘tech sync’ meeting is the 

primary mechanism that supported the development of product level understanding. 

During this meeting, teams “sync up with other development teams. Issues that we are 

having, to alert people about critical client issue, opportunity for [Team C] in US to list 

up issues [they] got… Not only concerns about the issues, but also for any new builds, 

any new changes to share… Heads up in things, e.g. investigating one issue that might 
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come to the other teams” [PDM]. Similarly, the per release requirement discovery 

session and weekly SoS meetings are the primary mechanisms facilitating the product 

level understanding of the technical dependencies in the Bluebird case. However, due 

to the involvement of the distributed parties, there is a difference in the way of 

conducting these coordination meetings in the cases. In the Pigeon case, the ‘tech 

sync’ meetings were conducted over the phone conference with shared screen using 

WebEx as several of the teams were globally distributed. Whereas, in Bluebird, all the 

squads were co-located in the same building, the inter-team synchronisation meetings 

were conducted face-to-face standing in front of the dependency board.  

The coordination mechanisms addressing the team-level understanding of the 

technical dependencies represent that the team members develop understanding 

about the product, its functionalities and the inter-relationship between the modules. 

Without this level of understanding, team members would not realise the impacts of 

their code changes or cause misunderstanding. In both cases, the coordination 

mechanisms supporting the team-level shared understanding were mostly agile 

prescribed meetings, such as planning poker, sprint planning, daily standup, code 

reviews. Besides, the triage meetings, formal and informal adhoc meetings also 

contributed to the team-level understanding of the technical dependencies. These 

meetings were conducted face-to-face in both the cases, expect for the duration when 

the two members of the Bluebird case were working from remote locations and the 

video calls were used to connect them in the team meetings. 

6.4.4 Mechanisms for Process dependency  

In both cases, the process-oriented dependencies were managed using some pre-

established guidelines and tools. In Pigeon, there was a dedicated customer support 

team based in India which handled the first level support of the product. There were 

pre-scheduled synchronous meetings with that team to help and respond to their 

queries. Besides, the development team also received a lot of emails from the support 

team for information exchange in the form of queries and support tickets were created 
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in Jira for the issues they could not solve. Customers also had the flexibility to lodge 

their issues directly by email to avoid the normal support process. Similarly, in the 

Bluebird case, the vendor provided a support tool where the clients could create tickets 

for the issues or general support requests. Vendor support teams handled all the client 

requests as per their side work priorities. The SM coordinated the team specific vendor 

issues with the PM during the SoS meeting and PM acted as the coordinator to 

negotiate and manage the support issues with vendor teams. 

To manage the testing process dependency relationship, development teams followed 

a pre-established testing cycle which were different in both cases. In the Pigeon case, 

the testing cycle is separated from the development cycle which is not ideal for test 

activity coordination and raises complexities such as delay in information exchange 

and task completion, poor performance. In the Bluebird case project, the testing 

activities started 2 days before the sprint end which was creating too much workload 

for the single tester and created a risk of poor-quality work-output. Therefore, in both 

case projects, the testing cycle and testing activities were not managed effectively to 

mitigate the risks of activity bottlenecks (delay) and poor-quality work output.       

6.5 Comparison of Coordination challenges 

Both cases encountered several coordination challenges related to communication, 

dispersion, organizational, people, process, and technical issues. A summary of the 

comparison of coordination challenges between the two cases is presented in Table 

6.6 using the dependency structure (as presented in Table 6.3). 

Under inter-team dependency, the Pigeon case project encountered several challenges 

when compared to the Bluebird case. For example, indifference in the choice of 

communication channel is resulting in miscommunication or delayed response from the 

remote person is related to the teams’ distribution. Similarly, poor engagement in 

conversation or lack of trust between the team members located in different locations is 

also affected by language and cultural preferences. It is already established that 

communication is the key challenge in coordinating DASD projects (Alzoubi et al., 
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2016; Dorairaj et al., 2011; J. D. Herbsleb & Mockus, 2003) which is also evident in this 

study. 

Table 6.6: Summary of Cross-case comparison of Coordination Challenges 

Dependency 
Relationship 

Pigeon Case Bluebird Case 

Inter-team 
dependency 

- Miscommunication or reduce 

response due to the choice of 

communication channel 

- Misunderstanding of requirements 

due to format 

- Continuous availability and 

responsiveness  

- Physical and Temporal dispersion 

- Lack of understanding at the 

customer level 

- Lack of engagement 

- Territorial Mindset 

- Lack of trust 

- Communication tools used 

- Poor response to requests due to 

task complexity 

Intra-team 
dependency 

- Misunderstanding at the team level 

- Central Dependency structure 

- Added interference in the openwork 

environmental 

- Miscommunication or reduce 

response due to the choice of 

communication channel 

- Continuous availability and 

responsiveness 

- Time difference 

- physical distance 

Vendor 
dependency 

N/A 

- Insufficient channel for liaising with 

vendor 

- Time difference 

- Misalignment between vendor and 

client work priorities 

- Lack of engagement 

- Lack of trust 

Technical 
dependency 

- Inconsistencies in code Management 
- Data Extraction complexity from old 

system 

Process 
dependency 

- Difficulty in managing process tools 

- Asymmetrical Responsibility 

distribution 

- Hierarchical Authority structure 

- Management of Self-organising 

squads 

- Complex security concerns 

- Restricted permission in shared 

artefacts 
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In Pigeon, there are three different types of challenges reported in the intra-team 

dependency coordination. Misunderstanding in the team members due to lack of 

knowledge about the product, process, technology, and tools are communication 

related challenges. Other challenges include the central dependency on the DM that is 

caused by the team’s knowledge dependency structure and work environment related 

challenge that is creating interference in the team’s work process. In contrast, all the 

reported challenges in Bluebird case are linked to the distributed communication with 

the remote team members and similar to the distributed communication challenges 

found in the former case. The reasons for the differences in the two case findings are 

the distribution of the team members. As Bluebird case has some distributed members 

involved, their coordination challenges are primarily related to distributed 

communication. Whereas the Pigeon case is more challenged by knowledge 

acquisition, distribution and work environmental issues. 

Since only the Bluebird case has significant vendor dependencies, it faced a number of 

challenges in this type of coordination. While coordinating via a single coordinator role, 

development teams struggled to get their supports and decisions. Besides, difference 

in vendor’s location and organizational structure have contributed to number of 

challenges including, misaligned work priorities, lack of engagement and trust.  

These coordination challenges need to be considered and can be resolved following 

the suggestion made by (Buchan et al., 2019). In their work, Buchan et al. proposed 

that to coordinate knowledge dependencies on vendor, a system is needed that would 

address the main challenges identified: (1) surfaces the squad’s information needs in 

sufficient time for communication delays to be low impact on their current and near-

term work; (2) provides a mechanism for communication with vendor resources where 

identification of the right knowledge source and knowledge negotiation interactions are 

low latency; (3) provides a mechanism for the squad team members to get to know and 

trust the appropriate vendor-side contacts; and (4) provides a presence and availability 

indicator for key people both in the squad and vendor teams. 
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Additionally, to coordinate process dependencies, it would be useful to have 

transparency in the progress of vendor work (e.g. bug fixing, product enhancement, 

infrastructure set-up) that impacts the squad’s progress. It was “not knowing” that 

participants said was frustrating for their own planning. Misaligned work processes and 

priorities, the other challenges of process dependencies, could be improved by a 

practice that regularly promotes active understanding of each side’s workflow practices 

and plans, and in particular the consequent sensitivity of work and information 

timeliness to future progress. 

Under technical dependency, the challenges report in the case project are from two 

different dimensions. In the Pigeon case, the technical challenges were faced due to 

the lack of precise code management policy given by the organisation which resulted in 

the struggles for the development teams in identifying the source of bugs that were 

breaking their codes. In contrast, the Bluebird case suffered from the complicated data 

structure and system features of the old system which was creating complexities in the 

data extraction and exchange for the new COTS system. 

The challenges reported in managing the process dependencies are primarily caused 

by the variations of the software development process followed in the projects. For 

example, the Pigeon project faced issues due to inappropriate adoption of agile 

methodology which resulted in asymmetric authority and unclear work distribution 

structure. The agile values and principles recommend self-organizing teams where the 

work distribution and decisions are made by the team without central supervision which 

was clearly lacked in the Pigeon case. Interestingly, the Bluebird case organisation 

reported issues while aligning the self-organizing teams for the inconsistencies in the 

iteration cycles. Therefore, it is advisable that the organisation encourage more internal 

autonomy for internal decision-making and work management. But at the same time, 

multiple inter-dependent self-organised teams working in the same project should 

adopt a ‘Semi-Self-organised’ team to allow external influences on the iteration cycles 

between them (Kumlander, 2010). Another advantage of such Semi-Self-organised 
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team is that the manager role needs to be rotated which will solve asymmetrical 

responsibility distribution and hierarchical authority challenges. Other two process-

oriented challenges reported in the Bluebird case are due to the security and restricted 

permissions. Since security is one of the big concerns for the organisation, it is not 

easy to get rid of the restrictions and organisational data access policies. But it is 

recommended that the organisation should lower the frictions as much as possible to 

alleviate the issues faced by the remote workers.  

6.6 Summary 

In summary, we have presented the cross-case analysis results based on the five key 

aspects relevant to this research. The contextual differences explored between the 

cases are primarily caused by the mismatch in the type of project and product maturity. 

Both the cases have similar forms of dependency relationships, except the vendor 

dependency found in Bluebird case that is exclusively linked to the project type. The 

cross-case dependency comparison outcomes indicate that four different types of 

situational factors (Project, Product, Dispersion, Process) impacts on the dependencies 

and associated relationships. There are two main types of risks and impacts associates 

with these types of dependencies: Delay and Poor Quality.  

While coordinating the dependencies, a repertoire of coordination activities combined 

with tools and artefacts and structure mechanisms is used as coordination mechanism. 

The choice of the attributes and their combination varies based on the dependency 

relationship and distributed elements involved. The coordinator role plays an important 

part to facilitate boundary spanning activities with team’s external elements. While 

evaluating the state of coordination i.e., coordination effectiveness, a combination of 

explicit and implicit components has been reported and their relationship to the 

dependency causes and impacts are established. A number of coordination challenges 

caused by communication, dispersion, organisational, people, process and technical 

related issues have been discussed with a number of possible solutions. The 

understandings obtained from these cross-case analysis is further used to develop a 
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theory of coordination in distributed agile software development context presented in 

the next chapter, Chapter 7. 
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Chapter 7 : Conceptual Model of Coordination in DASD 

 

This Chapter proposes a general conceptual model of coordination in Distributed Agile 

Software Development settings based on the analysis of findings discussed in 

Chapters 4, 5, and 6.  

The model defines four key concepts of coordination in distributed agile software 

development: dependency type, dependency risk, coordination strategy, and 

coordination effectiveness; related sub-concepts of dependency relationship and 

situational factor are also discussed. The relationships between the proposed concepts 

are discussed in detail. This model of coordination is the principal conceptual 

contribution of this research.  As part of the practical implication, this study proposes 

several strategies to guide practitioners in achieving effective coordination in distributed 

development contexts.  

The concepts of coordination presented in section 7.1 includes the concept of 

dependency and its antecedents and dependency risks. Then covers the coordination 

strategy concept, followed by a discussion of coordination effectiveness and its 

components. The boundaries, associations, and states of the constructs related to the 

coordination concepts are presented in section 7.2, followed by the prescription of 

effective coordination mechanisms in section 7.3. Finally, the chapter concludes with a 

summary in section 7.4. 

7.1 Concepts of Coordination in DASD 

Coordination in distributed agile software development consists of several inter-

dependencies involving people of different expertise in different locations, and 

organisations. While coordination is defined as ‘managing interdependencies between 

activities’ (Malone & Crowston, 1994), other dimensions such as people (individual or 
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group) involved in the process and their relationships are equally important to fully 

understand the coordination well. For example, if Task B relies on the output from Task 

A, then there is a sequential activity dependency between the two tasks. However, 

these tasks may be performed by different people or teams, and they need to 

coordinate themselves so that both parties have a shared understanding of what is 

required and when, what needs to be done to achieve that output, and how to deliver 

the output in a consumable form. Therefore, this research applies the dependency 

relationship and dependency types to form a holistic view of interdependencies and 

their coordination. 

There may be several interdependencies that do not impose significant impacts on the 

project outcome. In contrast, others will have significant risks associated with them and 

cause severe impacts on the project’s progress if they are not effectively coordinated. 

This study focuses on the latter type of dependencies which are labelled as ‘key 

dependency’. The concept of dependency will be discussed next followed by a 

discussion of the key dependencies identified in this study. 

7.1.1 Dependency Concept 

As per the framework of analysis used in this study, a dependency can be described by 

three key attributes: ‘who’, ‘for what’ and ‘why’. The attributes ‘who’ and ‘why’ 

collectively describe the dependency relationship and the attribute ‘for what’ describes 

the type of dependency. This study identified different types of dependencies while 

analysing the cases, which were then compared with each case’s findings to develop a 

generic concept of dependency. 

The types of dependencies identified in the two cases are grouped into three high-level 

categories, Knowledge, Activity and Resource. Multiple primary types of dependencies 

identified in the cases are grouped together to form these high-level categories as 

illustrated in Figure 7.1. Each primary-level dependency category is discussed first, 

followed by a discussion of the three high-level categories. 



Page 329 

 

Figure 7.1: Categorisation of the dependencies in the DASD project 

Requirement Dependency 

Requirement dependency emerged as one of the key dependencies in both cases. In 

this type of dependency, “domain knowledge or requirement is not known and must be 

located or identified and this affects, or has the potential to affect, project progress” (D. 

E. Strode, 2016). The collection and analysis of the requirements, and developing a 

shared understanding of those requirements are important for the development and 

testing activities of the product which in turn affects the success of the project (Darnell, 

2015). In a distributed agile software development project, people having the 

knowledge of requirements and domain expertise are physically and temporally 

dispersed which makes it critical to locate them, communicate with them, and collect 

the requirements in a form that can be converted to an outcome, e.g., new feature of a 

software product (Hussain et al., 2014). 

In the Pigeon case, globally distributed Product Owners are the primary source of 

requirements and prioritizations that are acquired through synchronised group 

meetings. As mentioned by the SM,  
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“So the [input] into the squad was product management that's our requirements, our 

prioritisation the whole [that are coming from the distributed stakeholders], what we are 

doing [in the sprint]. So, [distributed stakeholders] had a lot of focus, and they're all 

overseas, in different parts. We call them Product Owners” [PSM1]. 

In the Bluebird case, the remote software vendor is an important source of 

customisation requirements for the new COTS product. “The knowledge of the 

requirements comes from an understanding of the current system and from the vendor, 

which is then considered as Release goals” [BBA]. A dedicated liaison role has been 

created to coordinate all the requirements-related to dependencies with the vendor. 

The requirements are recorded either as Epics or user stories that are the inputs for 

development teams for release and iteration planning and are managed using different 

shared artefacts and tools. 

Besides, there are several requirements and domain knowledge dependencies that are 

linked to multiple dependency relationships. In both cases, different module and 

feature-specific teams are involved in the requirements discovery process, which 

reflects the inter-team dependency relationships. In the Pigeon case, “[development 

teams] will come in [the meeting] with something like this feature was needed for this 

frontend feature that has to be in” [PDM]. In the Bluebird case, the client development 

teams rely on each other to identify the customisation needs to implement the existing 

system features into the new COTS software system. The Product Owner (Bluebird) 

and the Development Manager (Pigeon) roles are the primary sources of requirement 

and domain-specific knowledge for the team which is part of the intra-team 

dependency relationship. 

Since agile software methodology allows the adoption of new and changing 

requirements at any time of the project, coordinating these requirements during the 

ongoing development process is always a major challenge, particularly in GSD projects 

(Hussain et al., 2014). A lack of task requirement knowledge among the distributed 
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teams and tracking requirement changes across distributed sites are the primary 

challenges identified in the DASD coordination. 

Expertise Dependency 

In collaborative software development, a high level of coordination is required to 

manage people with specialized skills and successful integration of their knowledge 

and work to produce high-quality software (Kudaravalli et al., 2017). A combination of 

this type of specialized knowledge and skills is called Expertise dependency on which 

other parties rely to complete their work. In agile software development, it is defined as 

“a situation wherein technical or task information is known only by a particular person 

or group, and this affects, or has the potential to affect, project progress” (D. E. Strode, 

2016). When applied to distributed agile software development contexts, expertise 

includes and relates to people who are distributed globally, which makes the 

coordination process even more critical due to the challenges associated with reduced 

availability and accessibility. 

Both cases reported high exposure of Inter-team expertise dependency in several parts 

of the distributed software development process. “Each team has an area of expertise” 

[PDM] on which other teams, both co-located and distributed, rely and they need to 

coordinate with each other to avail the required expertise. In the Pigeon case, other 

teams communicate with Team-R via email for their expertise in replication service-

related issues. In the Bluebird case, the SMEs are the experts of the current system 

and its expertise which other development teams rely on, therefore, include them in the 

intra-team coordination meetings. Besides, a high level of expertise dependency exists 

with the vendor teams on which all the other development teams heavily rely upon. 

Though this is specific to this case context, it suggests the potential significance of 

expertise dependency in a similar type of project.  

Similarly, a number of Intra-team expertise knowledge dependencies occurred in both 

case projects, which requires appropriate mechanisms for effective coordination. For 

example, the bug-fixing activity bottleneck issue analysed in the Pigeon case was 
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primarily caused due to the confined expertise knowledge on the DM. A similar 

situation emerged in the Bluebird case due to a high number of expertise 

dependencies reported on the solo tester at the end of the sprint which led to a high 

risk of the testing bottleneck. Agile values urge the formation of a cross-functional team 

having overlapping expertise that can competently manage intra-team expertise 

dependency requests (Khalil et al., 2013).  

In the case of large and complex systems, developing a higher level of expertise 

knowledge relies on strong knowledge about the system, its architecture and its 

functionalities, which is time-dependent. This is backed up by the statement of the 

senior developer of the Pigeon case, who says, “I think the longer you go on, the more 

you realise how much there is to know. As technology improves, then there's so much 

to [learn] and do” [PDV2]. Therefore, the longer a team member works in an 

organisation, the more depth of knowledge (i.e. expertise) they acquire about the 

system, which helps to manage the expertise needs within the team. 

 

Figure 7.2: Factors linked to Expertise Knowledge Coordination 

Overall, both the inter-and intra-team dependency relationships heavily rely on either 

co-located or distributed expertise; therefore, knowledge about the expertise 

knowledge sources, their locations and availability are important to effectively manage 

them as shown in Figure 7.2. 



Page 333 

Task Knowledge Dependency 

Task knowledge dependency was first mentioned in the early literature on coordination 

in software development (Kraut & Streeter, 1995), and late applied in other studies in 

distributed software development (Espinosa et al., 2007b, 2007a; Espinosa, Kraut, et 

al., 2002; Espinosa, Lerch, et al., 2002). In general, all the people working on the 

software development project should have a common understanding of the task, i.e. 

what they are building, what needs to be done, how they should organize themselves, 

and how their work outputs should fit together to meet the system requirements. This 

concept of task knowledge resembles the findings of the two studied cases. For 

example, the DM in the Pigeon case mentions,  

“When they do their break-down, I really wanting them to think what you are going to 

do to achieve this story. Because lot of the time we got this story, I’ve got a rough idea 

what this thing is, and I am just gonna stuck. When I am stuck then I realise three days 

later when I got only 1 more day to go, now I actually understand what it is” [PDM].  

This statement implies that the team members should have a good understanding of 

the task they are working on, i.e. what is going to achieve and how. Without this kind of 

task-specific understanding, there is a high probability of work progress delay.  

Additionally, developing a shared understanding of the product, such as what are the 

different parts, and how they interact with each other, helps in gaining an 

understanding of how the changes in the code could potentially impact other parts of 

the system.  

“If you gonna doing something, and if you understand it [The system and its 

relationship], that makes the work lot more easier and you're lot more confident in your 

changes rather than going and changing a little bit and just gonna hoping it's not 

breaking anything.” [PDV3] 

Such a shared understanding is beneficial in two ways: firstly, the developers will be 

more confident that their changes will not create any issues. Secondly, it will reduce the 
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chances of blocking other teams’ work by creating uncertain bugs, and hence, will 

reduce possible delays in the project’s progress. An understanding of the 

interdependencies, i.e. ‘who else is dependent on us’ and ‘whom we are dependent 

on’, would help the teams to identify the dependencies earlier, and thus has greater 

potential to notify and coordinate them effectively. 

“Before we don't know what other teams were doing until they have been blocked by 

us. it takes a while to figure out the problem, to then introduce the effects. A list can tell 

for ourselves we think we need to talk to these three teams because they may affect 

us.” [PSM1] 

Based on these findings, task knowledge dependency is defined as ‘a situation wherein 

task-related information is not known, and this affects, or has potential to affect the task 

or project progress’. 

 

Figure 7.3: Components of Task Knowledge dependency identified in this study 

Overall, this study identified a number of task-related knowledge (as shown in Figure 

7.3) from both cases that play an important role in coordinating the inter-team and 

intra-team dependency relationships in the DASD context. The knowledge of task 

interdependencies, their priorities, task ownership, task status and potential blockers 

are the task knowledge dependencies that are related to inter-team dependency 

relationships. Whereas knowledge of why doing a task, what to do in a task, who is 
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doing what (task allocation) and knowing the priority of the tasks in the ongoing sprint 

are the task knowledge dependencies that are related to intra-team dependency 

relationship. From a software development context, task familiarity helps in reducing 

the subjective complexity of the task-in-action (Campbell, 1988), which enables 

improved coordination of tasks and their dependencies. Espinosa et al. further applied 

these findings in the DSD context and found a positive impact of task familiarity on 

‘team coordination complexity’ (Espinosa et al., 2007a). 

This study analysed that this type of dependency is dominant in the initial stages of the 

project, which require a high level of inter-and intra-team coordination, as explained by 

the tester in the Bluebird case, “Sometimes as you go along, you are experienced, you 

don't need to ask them. But from the start when we started, I need to ask a lot” [BTS]. 

As the project progresses, team members develop a cognitive understanding of the 

tasks, which reduces the need for overt coordination and mainly relies on implicit 

mechanisms, such as transactive memory (Marques-Quinteiro et al., 2013) and 

awareness (Steinmacher et al., 2013). This finding supports evidence from previous 

observations of  (Espinosa, Lerch, et al., 2002) which showed that the intensity of the 

communication is higher at the beginning of the globally distributed software 

development project, and a mix of explicit and implicit coordination is required to 

manage them effectively. 

Moreover, it is observed in both the case projects that, the majority of the task-related 

knowledge awareness is not present at the team level which has potential impacts on 

the output. Due to the temporal and physical dispersion, distributed teams and 

members get fewer opportunities for personal communication and mostly rely on the 

coordinating person for getting task knowledge which has the potential to create a 

knowledge bottleneck. Therefore, effective coordination mechanisms are required to 

improve the task knowledge at the team level to mitigate the potential impacts. 
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Historical Dependency 

Historical dependency is defined as a situation wherein information about past 

decisions is required to perform a task. The absence of such information may affect or 

has the potential to affect the task or project progress (D. E. Strode, 2016). Historical 

knowledge dependency emerged as a critical dependency in both cases. In the Pigeon 

case, ‘How to’ documents were used to support historical dependencies, i.e. past 

work/feature knowledge. They were created for each new feature and stored in 

Confluence so that team members could go back and search in that document 

whenever they had any queries regarding that feature. 

“What we do, if it’s a new feature, we create some ‘How to’ document and share it in 

Confluence. I think that is helpful, because if we develop a new feature in this sprint, 

and it will go to our QA (local tester) in the next sprint, it will take about one month to 

release, then it will be tested in another overseas team (QA testers) in the next month. 

So we may forget what we did in that feature. 'How to' docs work as a reminder of what 

we did. We always do this for the new features.” [PDV4] 

In the Bluebird case, the COTS system customisation activities heavily relied on 

knowledge of the current system design and logic to implement the existing features 

into the new ERP system. For example, the team’s BA had to consult with the subject 

matter experts (SMEs) to gain a clear understanding of the architecture and 

functionalities of the existing system (i.e. historical knowledge) to perform his activities 

effectively (e.g. to break down epics into user stories with the features). SMEs’ 

knowledge of both business and product points of view was necessary to understand 

the requirements comprehensively. Additionally, developers gaining high-level design 

ideas from SMEs was a form of past decision that aids in developing POCs and 

seeking feedback before finalising the design. The O&M squad invited the SMEs to be 

part of the team by attending most of the team planning and coordination meetings, 

e.g. release planning, sprint planning, and daily standup meetings. Since these SMEs 

were co-located it was easy to frequently coordinate and ensure their participation in 
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regular meetings; however it would be difficult if the members were globally distributed 

impacting the task and project progress. Therefore, this type of past decisions is 

considered as historical dependencies that have potential impacts in the DASD 

projects coordination and need mechanisms to effectively manage them.  

Work-output Dependency 

As per the Coordination Theory (CT), interdependencies between the activities mostly 

involve a task-subtask relationship which is defined as ‘a situation where one activity 

produces something that is used by another activity’ (Malone & Crowston, 1994). While 

analysing the inter-dependencies between software development activities, this study 

adopts this definition and categorises such a relationship as a work-output 

dependency.  A significant number of work-output dependencies were identified in both 

cases which belonged to one of the following types: 

• Output of concurrent tasks is required to complete a task-in-action 

• Output from a previous task is required to start (prerequisite) or continue 

(concurrent) a task 

• Outputs of independent tasks are required to collectively achieve a high-level 

goal 

In the first situation, a task-in-action is waiting for output from another task and cannot 

progress until the output is received. In the Pigeon case, Team R could not deploy the 

changes until the bug was resolved and tested by Team C who are globally distributed, 

 “Sometimes other teams’ bug which causes our staff to break and then we get a lot of 

bugs, but it’s all one cause of other teams’ issue. Sometimes you can't deploy your fix” 

[PDV1].   

This type of work-output dependency is like the ‘transfer’ task-subtask dependency 

identified in coordination theory (Malone & Crowston, 1994) where the work-output 

needs to be transferred from the producer to consumer activity. The code management 

tool is being used to do the transport the output between the teams. 
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In the second situation, there is a specific sequence in which the tasks must be 

executed: a task cannot begin until a previous task is completed. A typical example of 

this type of work-output dependency is the ‘sprint planning session’ which cannot 

proceed until the epics are translated to user stories. As per the scrum framework, the 

user story creation task is the pre-requisite for other sequential tasks such as planning 

poker, self-task estimation, and team velocity calculation. In the Bluebird case, the BA 

is responsible for converting the Epics into user stories that are required for the sprint 

planning session; until the user stories are ready, the session cannot proceed. This 

type of dependency corroborates the ideas of sequential (Thompson, 1967) and pre-

requisite constraints (Malone & Crowston, 1994) dependency.  

Another sequential type of activity dependency occurs when the output from one task is 

required by another task but there is no chronological order of execution or task 

blockers involved in the process. For instance, in Bluebird, the deployment task of a 

team cannot proceed until the deployment instructions produced by the developers are 

received. The inter-relationship (i.e. two way) between the activities that is the driving 

force in this dependency type, and therefore is similar to the reciprocal type of 

dependency suggested by Thompson (1967). 

The final type of work-output dependency occurs when the outputs produced by 

several teams and stakeholders are not directly dependent on each other; rather their 

work output contributes to the main overall goal, either short term or long term. In both 

cases, multiple development teams and other stakeholders work together to achieve a 

shared goal. In the Pigeon case, the shared goal is represented as the business 

requirement, whereas in Bluebird, it is represented as a release. In both cases, the 

teams are working to achieve a common objective (a task) and the success depends 

on the completion of the team’s activities (group of tasks). Similarly, the work-output of 

individual team members is required to achieve the sprint objective. This dependency 

type is like pooled interdependence as suggested by Thompson (1967). 
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In addition, the case data analysis indicates that the desirable characteristics of the 

work-output can be posited as: fit for purpose, shared understanding and timeliness (as 

shown in Figure 7.4). The fit for purpose characteristics defines that the work-output 

(i.e., the output of a previous or concurrent task) should be in a usable condition, meet 

the quality standard and expectations of the consumer task and be accurate. The 

timeliness characteristics are defined as the output being received within the expected 

timeline. A shared understanding defines that the output received is understood either 

before the task-in-action is started (pre-task and the need is anticipated), or with 

minimal delay after the dependency and coordination need is communicated to the 

appropriate resource (in-task, either anticipated or ad hoc and unanticipated).  

 

Figure 7.4: Characteristics of Work-output dependency Coordination 

Overall, a work-output dependency could involve both co-located and distributed 

parties which have possible risks and impacts that might affect the project progress as 

analysed in both cases; therefore proper mechanisms need to be used to effectively 

manage them. 

Business Process Dependency 

A Business process dependency occurs when the execution of the activities is 

mandated by a predefined guideline or sequential order imposed by the organisation. 
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Certain business process, embodied within the existing technical system, could act like 

a dependency and needs to be managed properly to avoid potential impacts on the 

outcomes. 

Several business process dependencies emerged in both the studied cases. For 

example, in the Pigeon case, globally distributed customers needed to follow a 

stipulated guideline to register their requests. All the customer support requests were 

reported through a dedicated tool, which were automatically assigned to the support 

team. The distributed support teams would first investigate the issues and provide 

support to the customer accordingly. When the support team failed, they had to transfer 

the requests to the development teams by creating a Jira ticket and assigning the 

appropriate team to investigate and resolve the issues. Though some flexibility was 

allowed, most of the client support activities needed to follow the above workflow 

defined by the business. Any discrepancy in the defined process could lead to a 

potential delay in resolving the issue, which might have an impact on the customer’s 

business operations.   

In the Bluebird case, a similar kind of business process dependency emerged between 

the client and global vendor activities. Since the COTS product implementation and 

management activities heavily relied on the vendor teams, there was a constant 

coordination need that existed across the development phases. To ease the logging 

and effective management of client requests, the vendor organisation defined a 

business process that the client side teams needed to follow. As per the process, the 

clients needed to log their requests through an online ticketing tool. These requests 

were automatically assigned to the respective vendor team based on the request type 

which were then prioritised and served in order. Besides, a dedicated liaison person 

was being assigned to coordinate the client requests and adhoc supports. Contrast to 

the former case, there was little room for flexibility allowed in the process. The purpose 

of this pre-defined workflow or guideline was to better organise and distribute the 

activities and reduce unnecessary delays that might impact the customer experience.  
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Since this type of dependency is specific to the organisation and its business process, 

this dependency is not commonly articulated in software development studies. Strode 

et al. (D. Strode, 2012) reported this type of dependency in the agile software 

development context. The findings of this study confirmed that the business process 

dependency is an important dependency type in the DASD project that needs to be 

managed properly; otherwise, it could have an impact on the DASD coordination 

(Sablis et al., 2021). 

Entity Dependency 

Software development is a knowledge-intensive work that involves several key 

resources that needs to be available and accessible in a timely manner. All these 

resources are broadly termed as Entity and the dependency on these entities is defined 

as a situation where a resource (person, place, or thing) is not available and this affects 

progress – it is a type of resource dependency (D. E. Strode, 2016). Entity dependency 

emerged as a common dependency in both cases. 

In the Pigeon case, the critical dependency situation around the Development Manager 

(DM) is a good example of entity dependency. Being the key source of domain and 

knowledge expertise, the DM’s absence or delayed response caused significant impact 

and knowledge acquisition bottlenecks on all parts of the development process. In the 

Bluebird case, the SMEs are the key resource entities on whom the development 

teams rely on for their knowledge of the existing system. Coordinating their presence 

was a key factor in translating the current system features into the new COTS system.  

Besides, several entities emerged based on their authority in decision-making about 

the requirements, task priorities and their distributions. In the Pigeon case, the DM is 

the primary authority resource for making most important decisions of the team. In the 

Bluebird case, the Product Owner of each development team and the vendor liaising 

PM were the key authoritative resources. As discussed in previous Chapters, the 

availability and responsiveness of these decision-making entities had potential high 

impacts in both local and distributed coordination. In the Bluebird case, all the vendor 
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side communication were primarily liaised by the PM, for which his availability was 

crucial for organising and negotiating most of the customisation and support-related 

works and decisions. Similarly, the DM in Pigeon case was the primary point of contact 

for the work decisions coming from other teams; therefore his continuous availability 

was critical for the coordination performance. 

In both cases, several local and online documents were deemed crucial for successful 

completion of task-in-action or overall project progress. For example, user stories are 

one of the key resources used to translate the user requirements as important 

development activities such as estimation, planning, testing and deployment are 

dependent on the user stories. In the Pigeon case, the ‘How to’ documents developed 

by the developers served as an important intra-team knowledge management resource 

for information on the system features and other searchable options. In the Bluebird 

case, the vendor side documentation on the system features, architecture, and coding 

standards served as key resources for the customisation development activities.  

Overall, DASD projects face a significant amount of entity dependencies and it is 

impractical to achieve coordination success without the proper management of these 

types of dependencies. In a DASD project context, lack of knowledge of the location 

and availability of the required entities makes it difficult to ensure the on-time, and 

ready-to-use availability of the entities. 

Technical Dependency 

Technical dependency is in the heart of the software development process which can 

be defined as a situation where a technical aspect of software development process 

affects the progress of a task or project (D. E. Strode, 2016). Technical dependencies 

are dynamic in nature (Cataldo et al., 2008) and can have different dimensions 

depending on the product and organization. Coordination of technical dependency 

refers to the congruence among the technical components of the system (or system 

under development) and their relationships so that they all act together as a cohesive 

software system. Several types of technical dependencies were found as both cases 
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are involved in product development that consists of more than one module with 

complex relationships between them.  

In both cases, the ownership of the software modules was distributed among different 

expert teams as such each module is owned by a single team and a single team may 

own more than one module. For example, Team R in the Pigeon case was responsible 

for a single module of the product, whereas the O&M squad in the Bluebird case was 

responsible for two product modules. At the same time, software modules have 

overlapping functional areas owned by different teams which potentially creates 

interdependencies between them. In the Pigeon case, globally distributed teams R and 

C had strong technical overlap between their modules. Whereas in Bluebird, two teams 

were placed together having strong technical dependencies between their modules. 

Other technical dependency issues relate to the need for connection and 

synchronisation between multiple development environments configured for the 

developers, testers, QA, and production testing to ensure consistency of the developed 

solution.  

“Whenever a support ticket is raised, then you need to connect to the [environment] 

from where the ticket came from, they send us with the details of the connection [to the 

environment]. if we can't connect then we have to wait for another day until they reply 

back”. [Pigeon, Tester] 

As per the statement, the connection to the appropriate environment was required to 

reproduce and understand the cause of the issues, which represented a technical 

dependency situation. In the Bluebird case, technical teams struggled to synchronise 

between the different sandbox environments established for development, QA, User 

Acceptance Testing (UAT) and production, which created additional work and 

increased frustrations between the teams. As stated by the PO of O&M squad,  

“…issues with having UAT when it first got stood up, they took a copy of production into 

it. Yeah. I think that we started trying to do some deployments into UAT and they 
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realised that there was some stuff that hadn't been configured… It's refreshing from 

prod again, right? So start over” [BPO].  

Remote access to the systems through an additional layer of security and configuration 

also contributed to issues related to managing technical dependency. 

Overall, ineffective coordination of technical dependencies may result in 

inconsistencies between the technical environment that would create issues in 

continuing the software development activities and the project progress. The global 

distribution of the teams adds complexity to the coordination of the technical 

dependencies. These complexities could be reduced by developing strong 

understanding of the technical dependencies and their impacts, and by improving 

proactive and collaborative behaviour between the responsible teams.  

The list of primary dependency categories derived from this study is summarised in 

Table 7.1 along with sample evidence from the data. The primary dependencies are 

grouped under three high-level categories: knowledge, activity, and resource 

dependencies, which are discussed in the following section. 

Knowledge, Activity & Resource Dependencies 

The dependencies discussed in the previous section are classified using three high-

level categories based on the following decision questions adapted from Strode (D. E. 

Strode, 2016): 

1. Is workflow at risk because there is something the team does not know? 

2. Is workflow at risk because the team is waiting for a task to complete? 

3. Is workflow at risk because the team is waiting for a resource to become 

available? 

The questions are adapted based on the dependency risks concepts derived from the 

analysis framework discussed in 7.1.3. The primary dependencies are identified 

through the inductive analysis of the data, after which each dependency is passed 

through the above decision rules to categorise them into one of three high-level 
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categories. The knowledge, activity and resource dependency categories are 

discussed below with supporting evidence to justify their formation. 

Knowledge dependency occurs when a team member needs information that is 

required to complete a particular task which can be in the form of requirement, 

expertise, historical or task knowledge. Whenever such information is needed, first its 

source is identified, and information is exchanged between the parties. For example, in 

agile software development, the sprint planning session is used to exchange 

information about the user stories (requirement dependency) needed to perform the 

estimation and planning of the tasks related to them.  

Different types of (expertise dependency) are required to complete the tasks, some of 

which may exist within in the team while others may need to be acquired from other 

teams. Development team members must have specific knowledge about the task-in-

action (task knowledge dependency) to identify other related tasks, their priorities, who 

needs to be involved and how to communicate them. Besides, they also need to know 

what might be blocking the task execution, when to expect output from other 

dependent tasks, and what is blocking them. They also need to know what has been 

done in the past (historical knowledge dependency) while performing any task-in-

action. Each of these types of dependencies require knowing any pre-task or in-task 

information, either anticipated or unanticipated that affects or has potential to affect the 

progress of any task-in-action or deliverables from a group of tasks. 

Both work-output and business process dependencies are categorised under the 

activity dependency, as they depict a situation where an activity cannot proceed until 

the completion of another activity. In the case of work-output dependency, the task-in-

action needs output of previous or concurrent task must be completed in time. The 

work-output from a sequential task or group of tasks might also be required to complete 

a single task or achieve a high-level outcome. In a business process dependency, 

tasks must follow a process specified by the organisation or the methodology used in 

the process.  
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Table 7.1: Evidence for dependency types identified in both projects 

Dependency 
Type Evidence from data Explanation Additional Comments 

Knowledge Dependency 
Requirement “So the going into the squad was product management that's 

our requirements, our prioritisation the whole, what we are 
doing. So they had a lot of focus, and they're all overseas, in 
different parts. We say them Product Owners” [PSM1] 
 
 
“He [Steve] goes for those meetings, and he would propose the 
things that we wanted like these are the technical 
improvements we need upgrade.” [PSM1] 

The globally distributed product owners share 
their ideas and expectations, i.e. the 
requirements, and their prioritizations during the 
online meeting. These requirements directly go 
to the team that they work on depending on the 
shared priorities. 
 
The Product Manager in the team, who is the 
Proxy PO, would propose technical 
improvement (i.e. requirements) to get approval 
from the POs. 

Both the PO and the team acts 
as source of requirements as 
identified in Pigeon case. 
 
The squads and the vendor are 
the primary source of 
requirements in Bluebird case. 
 

Expertise “…part of it is very technical component, and that’s why tend to 
be come through me to have a look at the problem, I break it 
down and then they go down to the team.” [PDM] 
 
“The data comes from the data hub squad; they refine it which 
requires Business knowledge” [BTS] 

Team members relies on the DM for his 
expertise about the product and the frameworks 
that is required to break down the tasks. 
 
The Data hub squad has necessary expertise 
knowledge to process the old system data and 
share with other teams to be used in the new 
COTS system. 

This type of dependency has 
been observed both in inter-team 
and intra-team dependency 
relationships. 
 
 
 

Task “When they do their break-down they really wanting them to 
think what you are going to do to achieve this story because lot 
of the time we got this story, I’ve got a rough idea what this 
thing is, and I am just gonna stuck. When I am stuck then I 
realise three days later when I got only 1 more day to go, now I 
actually understand what it is” [PDM] 
 
“Meetings are the opportunities to sync where we are up to, 
what we are doing, status, the progress, sync understanding 
and coordinate the understanding” [BTD2] 
 

The team get together in the sprint planning 
session where members get the details about 
the task, why doing it, what needs to be done; 
without this understanding there is high potential 
to face problems later in the process. 
 
Agile prescribed team coordination meetings are 
the key practices to develop shared 
understanding about what is going on and 
when, who is doing what, what’s the progress 
etc.  
Shared artefact such as Squad board acts as 
continuous information radiator about the tasks, 
their allocation, and status. 

Task-specific information 
dependency is noticed in all types 
of dependency relationship and 
have high impacts in the 
dependency outcome. 
 
Agile prescribed frequent team 
coordination meetings and 
shared artefacts are the primary 
coordination mechanisms 
identified in both cases. 
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Historical “The SME's have knowledge about the solution based on the 
current system domain, which is a high-level design” [BTS] 

The SME’s have strong technical knowledge 
about the current system domain which is 
required to get the design and solution decision 
of the existing system that is required for 
developing Proof of Concept (PoC) 

Historical (knowledge) 
dependency is found in Pigeon 
only and are related to inter-team 
dependency relationships since 
they are from another team. 

Activity Dependency 
Work-output “…whenever anyone's got any problem or they want something 

done, you suddenly get something someone contact you or 
[Robin] would say” [PSM1] 
 
The integration Squad works for all the value streams and each 
squad is dependent on their support for integration for testing 
purpose [BTS] 

The work of one specialized development team 
is required by another development to complete 
their work (e.g. data replication, connection 
setup, deployment instructions). 

Both the cases have strong work-
output dependencies in all the 
dependency relationships. 

Process “Usual process is that they will raise support ticket using the 
system called "SMART". The support team will then do 
investigation, they will create a Jira support ticket, [and then] 
assigned it to appropriate development team” [PDM] 

The client support activities need to follow a pre-
established process to better manage the 
activity dependencies. 

Inter-team and vendor 
dependency relationships mostly 
face this type of dependency.  

Resource Dependency 
Entity “So he's [Robin] the main gate, I suppose you could say. and 

everything comes in and he will filter out all the crap and 
condense what we need to look at” [PDV2] 
 
“If we plan for directions, I give options like tickets and the 
output and ask his [PO] opinion… what to do or what to do with 
the tech debts or impact users” [BBA] 

Team member relies on specific roles, e.g. 
development manager, Product owner, for most 
of work-specific decisions such as work 
priorities, bug confirmation and distribution. 
 
 

This type of dependency mostly 
observed in intra-team 
dependency relationship. 

Technical “We do it on top of framework, and Team C I guess takes the 
other half... of the backend stuffs” [PD01] 
 
While working remotely, members need to use remote 
connections (dependency) to access the development 
environments that needs to be setup and permission. [BTD1] 

Inter-module dependencies are forcing multiple 
development teams to rely on each other and 
there are cascading effects of the work-outputs 
produced by the teams. 
 
Team members need to get access through 
connection setup and permission provided while 
they are working from remote locations. 

Technical dependencies are 
primarily related to technical 
dependency relationships. 
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Resource dependency defines a situation wherein a resource entity or a technical 

object is required for the progress of the task-in-action. An entity resource could be a 

person who needs to be present to perform any activity or have authority to make 

decisions required to perform activities. Other forms of entity resources could be 

physical or electronic documents required to perform any task. Similarly, the necessity 

of cohesive interrelation between the system components, without which the system 

would be unstable, are considered as technical resources. If any part of the system is 

not integrated or functioning properly, it would make the system unstable. Since 

availability of required resource is the primary concern for both the entity and technical 

dependencies, they are categorised as resource dependency. 

7.1.2 Antecedents of Dependency types 

Two types of antecedents were found to influence the dependency types: 1) Situational 

factors: project type, product maturity and size, team expertise and dispersion and 2) 

Dependency relationships: Inter-team, intra-team, technical, and process dependency 

relationships.  

Situational factors 

Project type was found to influence the type of dependencies present in DASD 

Projects. For example, the vendor dependency relationship exists only in the COTS-

product customisation project in which knowledge, activity and resource dependencies 

occurred. Project type was also found to influence specific dependency types. Projects 

followed different process guidelines that had an impact on the process dependency 

relationship where each followed the execution of specific set of activities. For instance, 

the outsourced product customisation project in Bluebird case encountered differences 

in the workflow and order of task execution in comparison with the other (case). 

Moreover, vendors had to organise their process flow to facilitate efficient responses to 

clients’ requests – such business process constraints forced the clients to adhere to 

specific guidelines to get faster response and technical support from the vendor. 
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Product size and its maturity was found to significantly influence the complexity and 

amount of the technical dependencies as they increased proportionally with the number 

of modules of the product. Such high complexity also increased the probability of risks 

and issues related to coordinating those dependencies. In the Pigeon case, the product 

under development was quite large which made it difficult for teams and their members 

to be expert in all aspects; hence interdependencies increased. 

“It’s very hard to be an expert of everything, especially a company like that the software 

gets huge. and you can't be expert on everything” [PDV2] 

Product maturity was also found to strongly influence inter-team knowledge 

dependency. For example, when the product is mature, the development teams would 

have gained sound knowledge about the product and its features which reduced the 

inter-team knowledge dependencies. On the contrary, when teams were working on an 

immature product, they depended more on external knowledge sources and expertise 

for their knowledge requirements which necessitated frequent communication and 

coordination between the knowledge teams. For example, in Bluebird case, because 

they were working on a new product which was outsourced from a global vendor, they 

had to heavily rely on team’s external knowledge resource (e.g. SMEs) to understand 

how the system features worked. Likewise, teams had to coordinate with other teams 

to identify the customisation requirements which they did during the requirement 

discovery sessions.  

The differentiated teams’ expertise is another factor that influences the inter-team 

dependency relationship and the types of dependency faced throughout the project. 

Different teams would face different types of dependencies depending on their 

expertise and their involvement in the project. As Espinosa et al. (2002) showed that 

different teams working on a project would have different expertise that would define in 

which part of the system they would work in, thus, the nature of their work and their 

dependencies would vary. Since the feature or module allocation defines the inter-team 

dependencies, it is indirectly influenced by the team’s expertise. In the Pigeon case, 
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based on their expertise, Teams C and Team R owned two different functional features 

with strong overlapping between them which created strong inter-team dependencies. 

Similarly, in Bluebird, the O&M squad owned the customisation of two product features 

that had high dependencies with other features of the new outsourced ERP software 

that resulted in a high number of inter-team dependencies.  

Physical dispersion was found to influence the technical and process dependencies in 

an intra-team dependency relationship. Additional technical configuration and access 

controls are imposed for the remote team members. And based on the distribution 

nature, development activities need to be planned and performed differently than that 

of the co-located members. Similarly, the temporal dispersion of the team members 

influenced the intra-team dependencies. For example, due to the temporal dispersion 

of the two distributed technical members found in the Bluebird case, the O&M squad 

had to alter their daily meetings to adjust to the remote members and give them priority 

in all the team meetings over the local members. Moreover, the time zone differences 

have influenced members’ availability and response time, which would require 

adjustment in the work process. For example, the SM had altered the schedule of the 

sprint activities to sync with the remote members’ availability. 

Dependency relationship 

A dependency relationship exists when two entities (person, team, software module, 

part of the process) rely on each other for a particular type of dependency. Four 

primary types of dependency relationships were identified: Inter-team, Intra-team, 

Technical and Process dependency relationships as shown in Figure 7.5. The vendor 

dependency relationship identified in the Bluebird case is not included because it is 

specific to the COTS-based product customisation project. 
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Figure 7.5: Types of Dependency Relationship 

 

An inter-team dependency relationship requires coordination of dependencies between 

two or multiple teams. A typical example of an inter-team dependency could be the 

work of the O&M squad that relies on the data to be provided by the Datahub squad for 

completing their work. Without the data, the work of O&M would not be completed 

which will block their sprint progress.  

An intra-team dependency relationship occurs when the team members rely on each 

other to complete their work. As seen in the Pigeon case, members of Team-R heavily 

rely on DM for their work and his unavailability and late response could impact the work 

completion.  

The technical dependency relationship emerges when the software modules depend 

on each other to behave like a system as a whole. Any interruption or faults exposed in 

the integration of the modules may result in inconsistencies or software failure. The 

synchronisation between different software development environments is another 

example of technical dependencies identified in the project and any inconsistencies 

between them could cause software performance issues.  

The process dependency relationship can be defined as the synchronisation between 

different parts of the software development process. A common example of such a 

relationship is the synchronisation required between the coding and testing phase in 

any development cycle. In agile development methods, complete integration of testing 

and development is strongly recommended (Talby et al., 2006) which has been a 

challenge in both projects. 
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Figure 7.6: DASD Project Dependency and its Antecedents 

Overall, the types of dependencies faced in the DASD projects are influenced by 

different types of dependency relationships and situational factors as illustrated in 

Figure 7.6.  

7.1.3 Dependency Risk Concept 

In a software project, the risk is measured by the relationship between the 

vulnerabilities and threats that exist in the project activities (Dahbur et al., 2011). In 

software development, while a ‘Vulnerability’ refers to a software, hardware, or 

procedural flaw or weakness that may lead to an issue, a ‘Threat’ refers to a potential 

impact caused by exploiting an existing vulnerability in the system or process. Finally, a 

‘Risk’ is the potential impact caused by the likelihood of a threat being exposed by a 

vulnerability. Thus, a dependency is at risk if an associated vulnerability leads to a 

potential threat that will have an impact on the dependency outcome as shown in figure 

7.7. The higher the likelihood of the threat, the higher the potential risk will be. 
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Figure 7.7: Dependency Risk, Threat, Vulnerability, Impact relationship 

A dependency issue is a form of threat resulting from a vulnerability that has a high 

potential to impact the task or project progress. Considering a risk scenario in the 

Pigeon case, the lack of an appropriate mechanism (vulnerability) for early detection 

and timely notification to address the work-output dependency between Teams R and 

Team C has the potential to cause a delay in achieving the desired outcome (threat). 

Thus, this work-output dependency is exposed to a dependency risk, if not managed 

properly, will have a strong impact on the timely completion of the task. 

The dependency risk concept emerged while developing the framework of analysis as 

part of the research design. A dependency is identified as a key dependency if it has 

several risks associated with it and thus has a high potential to affect the dependency 

outcome and cause dependency issues. Though all dependency risks were initially 

categorized under Delay (e.g. work completion delay, delay due to misunderstanding, 

rework, additional communication, technical debts, and poor-quality output - see Figure 

3.6, Chapter 3), this was later revised based on a deeper understanding of the 

dependency issues during data analysis. Thus, dependency risks are classified under 

two broad categories of Delay and Poor-Quality as shown in Figure 7.8. 
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Figure 7.8: Dependency Risk and associated components 

The dependency issues identified in both cases are grouped under one of the 

categories based on their homogenous properties. For example, there is a high 

potential of task completion delay if the progress of any task is blocked because of the 

uncertainty around the expected time of completion of a prerequisite or concurrent 

task. Likewise, if any additional work is required due to a misunderstanding about any 

task requirements or delay in acquiring key information, it could potentially delay the 

task completion. The delay can be prolonged and potentially interrupt the release 

schedule if an excessive amount of additional work is needed. 

By contrast, under-delivery of the planned released deliverables, any sort of degrading 

in the output, or failure in meeting the time commitment is considered as a risk that can 

impact the quality aspect of the work deliverables. For example, the high knowledge 

and work-output dependency situation on the Development Manager (DM) highlighted 

in the Pigeon case has a high potential to impact the quality of both individual and 

team’s work outputs. Besides, the poor relationship between the teams and degraded 

individual team members’ performance is also considered as a risk linked to the quality 

of individual and inter-team performance. For instance, in the Bluebird case, all the 

developers’ tasks are “funneling down to a single test resource” that has the potential 

to create a testing bottleneck situation that not only impacts the performance of the 

tester but also the quality of the work outputs done by the team as indicated by the PO, 

“So as the quality goes down, what stuff [work] just doesn't get done” [BPO].   
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Vulnerabilities causes that emerged from both cases are categorized into three groups: 

knowledge, work, and process management issues. The knowledge management 

category includes the issues caused due to discordant identification, communication, 

information exchange, and shared understanding that has the potential to cause 

dependency risk. For example, reduced availability and responsiveness of the remote 

member caused by the time zone difference is a primary cause of knowledge-related 

issues that could foster incorrect presumptions which in turn may cause delay. 

Similarly, any work management issues would lead to delay and quality threats that 

would impact the dependency and its coordination. The overwhelming workload on a 

single work resource due to lack of clarity in the workload distribution is an example of 

a work management issue that can result in poor quality work output leading to bad 

technical debts. And the process management issue category includes all types of 

causes that can create dependency issues and risks. Misalignment and ineffective 

work cycles in a different part of the software development process are examples of 

such issues that have the potential to create delay and quality issues.  

Thus dependency risk can be defined as ‘a state or property of a dependency, which if 

ignored, will increase the likelihood of causing dependency issues that could adversely 

affect the task or project progress’. The dependency risks associated with the 

dependency types and their causes are summarised in Table 7.2.  

7.1.4 Coordination Strategy Concept 

A coordination strategy is a combination of coordination mechanisms that manage 

dependencies in a situation (D. Strode, 2012) These mechanisms are consciously 

selected by the project stakeholders based on the dependency needs. Our findings are 

consistent with Strode’s coordination strategy concept. This study found that several 

mechanisms are used to manage the same dependency in different parts of the 

software development process, while one mechanism can be used to address the 

coordination of many dependencies. Moreover, the mechanisms varied depending 

upon the distribution of the teams. The coordination strategy concept (i.e. the 
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coordination mechanisms in a situation) comprises three components: coordination 

activity, tools and artifacts, and structure. The following sections define and discuss 

each of these components. 
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Table 7.2: Summary of Dependency risks, and their causes related to dependency types 

Dependency Type Risks Causes 

Knowledge Delay: 

- Presumptions  

- Delay in work completion  

- Delay in project schedule  

-High risk of Knowledge acquisition bottleneck  

- Delay in work completion due to unavailability or late response  

- Delay caused by additional work resulting from incorrect assumptions  

Knowledge Management: 

- Reduced availability and responsiveness due to time zone difference  

- Lack of knowledge about remote expertise  

- Increased risk of misunderstanding from lack of shared understanding  

- Language and cultural difference  

- Most of the task and expertise knowledge is confined to single resource 

person  

- Unavailability or late response  

 

Process Management: 

Inadequate opportunity for adhoc communication between squads  

Activity Poor-Quality: 

- Poor Quality Work Output may lead to technical debt and rework  

- Frustrations between teams  

- High chance of Under-delivery of release deliverables  

- Poor quality work output from tester and QA  

- High risk of deteriorated performance of DM due to burnout  

- Probable risk of detriment to team performance  

 

Work Management: 

- Differentiated/Competing work priorities.  

- Uncertain work progress.  

- No mechanism for early identification and notification of dependent work  

- Exceptionally burdened with responsibilities associated with multiple roles  

- Lack of clarity in development resource distribution  

- Overwhelming amount of workload at a time on tester and QA  
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Delay: 

Delay in getting work-output  

- Interruption in scheduled works and under-delivery of release goals  

- High risk of work completion delay in testing and QA cycle  

- high risk of activity bottleneck at tester  

Process Management: 

- Misalignment of work style or process.  

- Ineffective work cycle for development, testing and QA activities  

 

Knowledge Management: 

- Additional effort and time required to coordinate with remote member. 

Resource Delay: 

- Delay in work completion  

- High risk of Single point of failure  

- delay in critical client issue fixing due to unavailability or low responsiveness  

- High potential to block work progress of development teams  

- Potential to interrupt release schedule or under-delivery of release goals 

- Prolonging client-side interruptions 

 

Poor-Quality: 

- Poor quality work output  

- Potential risk of failure in time commitment 

 

Knowledge Management: 

- Reduced availability and responsiveness.  

- Lack of shared understanding of the technical dependency  

- Lack of awareness of possible impacts of code  

 

Process Management: 

- Testing becomes a bottleneck.  

- Firewall and security create barrier.  

- Solo decision-making and task allocation authority for certain type of work  

 

 

 



Page 359 

Coordination Activity 

A coordination activity is the primary act involved in managing a dependency and can 

be defined as ‘an action performed individually or in a group to manage a particular 

dependency’. Both synchronous and asynchronous coordination activities emerged as 

a common mechanism that involved both local and global entities at varying 

frequencies. The activities can be performed in two different modes: Synchronous and 

Asynchronous. In synchronous coordination activities, participants are either physically 

co-located, or a combination of co-located and globally distributed participants. For 

example, in Bluebird, the Scrum-of-Scrums meeting was a synchronous coordination 

activity where all the client development teams met in the same place to coordinate 

inter-team dependencies. Whereas in Pigeon, the ‘Tech sync’ meeting was a 

synchronous inter-team coordination activity that included both co-located and 

distributed team members. In both projects, synchronous activities occurred in different 

frequencies: per release, per sprint, weekly, daily, and on-demand. For example, in 

Bluebird, the synchronous ‘Release planning’ meeting occurred once per release, but 

the scrum-of-scrums meetings were held weekly to coordinate existing and new 

dependencies within the current release. The sprint planning session, sprint review, 

and retrospective meetings are examples of synchronous coordination meetings that 

occur per sprint, either in the beginning or at the end. The daily standup meetings are 

regular team-level synchronous coordination activities where team members get “to 

check what is going on, what happened yesterday, is there are any blockers” [PDM]. 

Most synchronous coordination activities are pre-scheduled to facilitate distributed 

teams and members’ participation. In some cases, these activities occur on an ad-hoc 

basis, particularly when team members are working remotely or there is an urgent 

coordination need that requires other teams’ participation.  

Coordination activities in Asynchronous mode are performed without real-time 

interaction between the members and the communication and information exchange 

are delayed over a period. This means that the participants need not be physically 
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present and there would be a minimum delay between the information exchange. Email 

and messaging via Slack were the most common type of asynchronous coordination 

activities used in both cases. Asynchronous activities mostly occurred on-demand at 

any time without any schedule or notification and therefore could happen at any 

frequency. For instance, Team R members log their activities and work progress of the 

day by answering three questions in a Slack channel that are used in the next day’s 

standup meeting. “Answering the questions helps them to check that he [team 

member] is in the right direction in terms of what have done so far” [PDM] 

A coordination activity can apply a combination of synchronous and asynchronous 

modes for managing a dependency situation. For example, in Bluebird, while working 

remotely the Functional Developer (FD) of the O&M squad maintained a constant 

communication channel by using an open WebEx channel for synchronous 

communication and a slack channel for asynchronous communication. This hybrid 

communication mode served as an effective coordination mechanism by reducing the 

dispersion effects. Figure 7.9 portrays the coordination activity concept along with their 

frequency modes. 

 

Figure 7.9: Coordination Activity and its modes 

Coordination tools and artefacts 

While coordination tools facilitate the execution of the coordination activities, 

coordination artefacts contain information that is used during coordination activities. in 

both cases, tools such as WebEx and Skype were used to facilitate synchronous 
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activities and participation of dispersed team members, and Email, Slack to facilitate 

asynchronous coordination activities. Jira was used to support synchronous knowledge 

sharing in group meetings and facilitate asynchronous coordination by maintaining 

records of all project-related tasks, e.g. development, testing, bugs, deployment, and 

progress-tracking. Jira was also used to facilitate asynchronous communication via 

descriptions ad comments made in the issue tickets.  

Coordination Artefacts contain information which is either produced or consumed by 

project stakeholders to accomplish their tasks. In both cases, several artefacts were 

used in either physical or electronic format to store information about the project, its 

requirements (e.g. epics, user stories, product backlogs), and work outputs (e.g. 

software code). They were used in task management activities such as tasks 

breakdown and estimation, and in tasked related decision-making such as task 

prioritisation, and task assignment. Some artefacts were publicly visible (e.g. 

dependency board, Squad board) or some were stored in a shared place with restricted 

permission (e.g. project information, Jira tickets, how-to docs). In the Pigeon case, 

most artefacts were electronically stored and accessible only by team members. 

Whereas, in Bluebird, artefacts such as Physical wallboards and squad boards were 

maintained both physically and electronically. The physical boards were visible for the 

co-located members radiating information about the project, teams, and tasks that 

support coordination activities, whereas electronic boards were useful for the 

distributed members.  

In summary, a coordination mechanism includes coordination activities supported by 

coordination tools and artefacts that manage the dependencies in a situation. Figure 

7.10 illustrates the coordination tools and artefacts and their relationship with 

coordination activity. 
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Figure 7.10: Coordination tools and artefacts and their relationship with coordination activities 

Structure 

Structure represents the arrangement of the teams, and the relations between them - it 

consists of three primary components: Availability, Proximity and Substitutability. (D. 

Strode, 2012).  

Availability represents the continuous presence and responsiveness of a resource 

entity for information acquisition, decision-making, or participation in project activities. 

In global software development contexts, teams are dispersed both spatially and 

temporally with reduced availability. Both cases encountered several coordination 

issues due to a lack of availability due to their globally distributed nature. In the Pigeon 

case, since Team C members were distributed in different US time zones, the 

availability issues were managed using pre-scheduled weekly synchronisation 

meetings. 

“We have touchpoints in terms of the Tech Sync Meeting every Thursday, that syncs 

up with other development teams… opportunity for the team in the US to list up issues 

they got, then need coordination between a lot of teams” [PDM] 

Proximity refers to the state of the closeness of a resource entity in distance or time. 

While agile software development methods recommend close proximity between the 

team members, it is structurally not feasible in a distributed software development 
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environment. In general, the more physical distance between people, the less they 

communicate and share knowledge, thus negatively affecting coordination.  

There are two dimensions of proximity: spatial and temporal. In distributed contexts, it 

is not possible to achieve spatial proximity, but temporal proximity (i.e. time-zone 

proximity - overlap in working hours between time zones) could be achieved by three 

types of mechanisms: mechanistic, organic, and implicit (Prikladnicki & Carmel, 2013). 

In a mechanistic mechanism, team activities or meetings are formally organised by 

adjusting their time zones to ensure the presence of all team members, e.g., pre-

organised team meetings. Organic mechanisms rely on unscheduled and unstructured 

communication between the team members without any prior arrangement, e.g., 

informal communication over chat messengers or phone conversations. Implicit 

mechanisms such as shared mental model, transactive memory, shared knowledge 

about the task, people and their expertise, presence and activities can promote 

familiarity between the team members. And team familiarity increases as proximity 

between the members increases, which can improve coordination (Espinosa et al., 

2007a). As each of these three mechanisms individually is not sufficient to achieve 

effective time-zone proximity, it is important to form a strategy by combining these 

mechanisms (Prikladnicki & Carmel, 2013).  

Both cases used several organic mechanisms to achieve temporal proximity such as 

informal face-to-face and virtual meetings. In the Bluebird case, the scrum-prescribed 

agile coordination meetings were used to coordinate between the local and distributed 

team members. Whereas, in Pigeon, team members relied on their cognitive 

understanding of tasks to identify who had the expertise about that task and used their 

personal relation to that person while looking for answers to their queries. 

“it's more cognitive, e.g. it's a build issue, I will talk to [Michael]. Tends to be who you 

know in terms of what is your personal relationship, and how you trust someone. 

Mahesh might be nice to talk to the person or might just give a quick answer” [PDM] 
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Achieving continuous availability and proximity between the distributed and the local 

teams was perceived as one of the major challenges by participants in both cases. The 

current body of knowledge suggests that a good level of awareness support could 

improve the team cognition which will increase coordination effectiveness (Gutwin & 

Greenberg, 2004; Smite & Dingsøyr, 2012). Gutwin et al. (1996) proposed a framework 

for awareness support consisting of four types of awareness: workspace, informal, 

social and group structural. 

Workspace awareness includes knowledge about other parties and their interactions 

within the workspace that helps predict each other’s activities and actions that can 

guide the coordination. There are several elements of workspace awareness, such as 

identity (i.e. who is responsible for an action), change indication (i.e. past and present 

changes made in the artefacts), conflict notification (i.e. potential or current conflicts 

resulting from a change in the artefact), activity (i.e. actions performed in an artefact), 

location, abilities, and intentions of the team members (Steinmacher et al., 2013). 

Several of these elements emerged in the case findings. For example, in Pigeon, 

issues were raised due to lack of awareness of changes made in other parts of the 

code. 

“Sometimes other teams’ bug which causes our staff to break and then we get a lot of 

bugs, but it’s all one cause of other teams’ issue. Sometimes you can't deploy your fix” 

[PDV1] 

Similarly, lack of awareness of other teams’ expertise and activities had an impact on 

the work progress of the development teams,  

“…people globally are checking pieces of stuff in the codebase which was causing the 

build fail and we didn't know what's part causes that problem... it quite frustrating as we 

don't really know what's going on outside of here, who's doing what all over the world” 

[PDV2] 
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Informal awareness indicates the knowledge of who is around (i.e. presence) and what 

they are doing (i.e. work status). It is easy to develop such awareness if the members 

are co-located, but difficult while they are distributed. In the Bluebird case, several 

participants identified difficulties in tracking the presence of the remote members and 

lack of awareness of presence was perceived as the key barrier to effective 

communication between the members. Although the presence of remote members was 

tracked by their status in the Slack channel, but this was not always effective because 

in some cases even if their status was ‘available’, there was no response as they “may 

be not available or in another call” [BTD2]. On several occasions, the person was busy 

with some work and did not respond since accepting the call “may interrupt the flow of 

work” [BTD2].   

Social awareness represents knowledge about the availability of other members and 

their preferences that supports the coordination mechanisms. Developing a cognitive 

mind about availability and personal preferences are the key factors that create better 

approachability while communicating with distributed members (Steinmacher et al., 

2013). The Tester of the O&M squad in the Bluebird case noted that the effectiveness 

of the communication and willingness of the participation of the remote member 

depended on “the person and his/her preferred channel of communication”. As it is not 

always explicit what is the best way of communicating with a person or what channel 

should be used, cognitive knowledge about the person helps to develop a shared 

mental model about the preferred way of communication.  

Finally, group-structural awareness indicates the level of understanding of the roles 

and responsibilities of other people and the activities they are involved in. This 

awareness was found to support the coordination of inter-team dependencies in both 

cases. While the development teams in Pigeon faced coordination issues due to a lack 

of knowledge of other teams, their expertise, roles and responsibilities in the project, 

there was no such issue observed in the Bluebird case. Several mechanisms could be 

used to develop group-structural awareness, such as finding out experts and their 
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locations from historical data and contextual information, and making teams aware of 

roles assigned to other teams or developers in the project.  

“Sometimes you don't know who to call or you don't know who you are talking to. I don't 

know how these guys know that I had done this. Maybe they looked in TFS [Code 

version tool]” [PDV2] 

Substitutability is another dimension of the structural element which refers to a situation 

when a team member has the expertise to perform the tasks (e.g. development, 

testing) of another. Substitutability can reduce the impacts of delay and provide support 

in maintaining project schedules. In the Pigeon case, substitutability worked well in 

development activities but was not very effective in providing knowledge and decision-

making alternatives.  

“It depends on workload, if it’s heavy then [DM] assign to another developer but if 

someone is willing to take or willing to learn a different thing, he will take that as well… 

we previously had one tester and he left it and we did not have any tester at that time. 

turn by turn we did some testing. He is the only one and so much bug to do for him. So 

we do help him” [PDV3] 

Therefore, as discussed in Chapter 4, there is a high risk of knowledge and decision-

making bottleneck due to not having any substitute for the team’s Development 

manager. The development manager has skills and authority that have little crossover 

with other team members’ expertise. Though the senior developer has the same 

expertise as the DM and knows most of the product features, he lacks decision-making 

capability. Such a person could be a potential substitute for the DM and his decision-

making capabilities could be improved by introducing pair-programming and joint 

decision-making sessions with the DM. 

“…whenever the boss is way, I take over the standup meetings, things like that and just 

make sure they've got stuff to do. I think the biggest blocker I see anyway is a lack of 

understanding not knowing what to do, that's the biggest blocker in my opinion” [PDV2] 
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In the Bluebird case, Substitutability was achieved by developers participating in the 

testing activities and thus sharing the workload of a single tester to reduce the risk of 

the testing bottleneck. In agile software development methodology, substitutability 

promotes flexibility in work management and consensus decision-making that fulfils the 

cross-functionality and self-organising team behavior (Hollenbeck et al., 2012) which 

can be considered as part of coordination strategy. In the Pigeon case, development 

teams had a positive mindset of taking over the tasks of another team even if that was 

beyond their expertise which is a core agile culture and effective strategy for inter-team 

dependency coordination (Marthe Berntzen et al., 2021). 

“Each team has an area of expertise, but sometimes when another project comes up it 

might be who's got bandwidth to do it. So sometimes we take on things outside of our 

area of expertise” [PDM] 

 

Figure 7.11: Structure mechanism and its components 

Similar to the concept of the “Coordinator Role” designated for boundary-spanning 

activities (D. Strode, 2012), there were several roles defined by both case 

organisations that served as coordination mechanisms while managing inter-and intra-

team dependency relationships. As discussed in Chapter 6, several coordinator roles 

emerged from both case findings that were effective to manage the inter-and intra-team 

dependencies. For example, the Scrum Master (SM), Development Manager (DM) and 

Product Manager (PM) were the key coordinator roles in Pigeon. Whereas, in Bluebird, 

the vendor liaising Project Manager (PM) along with SM and PO were the roles acted 
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as coordinator for effectively coordinating the distributed teams and members-related 

dependencies. Figure 7.11 illustrates the structure mechanism including the four 

components associated with this mechanism. 

In summary, several types of coordination mechanisms were identified in both cases 

depending on the dependency relationship, type, distribution and organisation of the 

teams. For managing inter-team dependencies, synchronised group coordination 

meetings (face-to-face or virtual) were the key activity found in both cases. These 

meetings were supported by several shared artefacts such as dependency board, 

squad board, and tools such as Jira, and WebEx. Several key roles such as Scrum 

Master, Product Manager, Product Owner were identified. Finally, several organisation 

structures such as proximity, continuous availability and substitutability play an 

important role in coordinating the dependency relationships between co-located and 

distributed teams.  

Three antecedent factors were found to influence the selection of the mechanisms 

forming the strategy, dispersion, dependency relationship and process. The physical 

and temporal dispersion of the teams and members influenced to either apply different 

mechanisms or improvise the existing ones to facilitate distributed coordination as 

analysed in both cases. For example, in Pigeon, to adjust the time-zone differences, 

Team R had to adjust their working hours, either by coming early or staying late, 

depending on the location of the remote member.  

“Time-Zone is a challenge, [when] we are going to talk with the US person, we need to 

come early, [but] if we need to talk with [the person in] India, then we have to stay late” 

[PTS] 

In the Bluebird case, the remote member always got priority to share their status or 

opinions during the team meetings to minimise the impacts of interruption due to poor 

connection. Besides, in both cases, the group-mode coordination activities that 

included distributed participants mostly relied on technology-mediated communication 

using voice or video calls, screen sharing, slack and electronic artefacts (e.g. Jira, 
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Confluence) which was different from the co-located participants’ meetings. For 

example, in Bluebird, when all the members were present in the NZ location, regular 

coordination meetings such as daily standup, and sprint planning meetings were 

conducted face-to-face. Whereas the same meetings were conducted using video calls 

when two of the members were working from remote locations. Therefore, the selection 

of the coordination mechanisms depended on the distribution of the members.  

The selection of the coordination mechanism is also influenced by the dependency 

relationship. For example, the coordination mechanisms used for inter-team 

coordination differs from the mechanism of intra-team coordination. The pre-scheduled 

inter-team meetings were the primary mechanisms used in both cases for inter-team 

coordination. In the Pigeon case, these meetings were called as ‘Tech sync’ meetings 

where distributed teams coordinated their dependencies. Similarly, in Bluebird, the 

inter-team Scrum-of-Scrums meetings were used to synchronise and coordinate their 

inter-dependent activities. In contrast, agile prescribed meetings, such as sprint 

planning meetings, daily standups, code reviews, sprint reviews and retrospective 

meetings, were the primary mechanisms used in both cases for managing intra-team 

dependencies. Thus, the dependency relationships influenced the formation of 

coordination strategies in DASD projects. 

Both case participants reported issues with the overwhelming workload for the solo 

tester in the team leading to testing bottlenecks and performance hazards. 

Inappropriate and inefficient management of the testing activities in the agile software 

development process was the primary source analysed for this issue. For example, 

while in Pigeon, the development and testing cycle was managed in separate sprints, 

the testing activities were only performed in the last 2 days of the sprint in the Bluebird 

case. Both these approaches were prone to delay and poor-quality outputs which was 

contrasting the motivation of producing shippable products from each sprint cycle. 

Therefore, it is evident that any inconsistencies in the software development process, 
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particularly the methodology e.g. waterfall, agile or hybrid, would have an influence on 

the coordination mechanisms. 

Previous literature findings also confirm that proper distribution and implementation of 

testing activities throughout the sprint iteration is one of the key challenges in adopting 

agile methods (Talby et al., 2006; Wohlin & Petersen, 2010) which is apparent in this 

study. Following a Test Driven Development (TDD) can be a probable solution to 

effectively manage the testing bottlenecks and coordination overhead in a distributed 

agile software development context (Morken, 2014b; Sangwan & LaPlante, 2006). 

Figure 7.12 presents the components of coordination strategy and its antecedents in 

managing the dependencies in DASD projects. 

 

Figure 7.12: Coordination strategy components and its antecedents 

7.1.5 Coordination Effectiveness Concept 

A preliminary model of Coordination Effectiveness (CE) is presented in Chapter 2. 

Strode introduced the concept of CE in the context of co-located agile software 

development (D. E. Strode et al., 2011). According to this concept, coordination 
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effectiveness is achieved by a combination of explicit and implicit components. There 

are three explicit components: right thing, right place and right time, and five implicit 

components: know why, know what is going on and when, know what to do and when, 

know who is doing what and know who knows what. According to Espinosa et al. 

(2002) who proposed a similar concept in the context of a globally distributed software 

development, coordination outcome can be measured by the ‘state of coordination’ 

which is defined by the degree to which the dependencies are effectively managed. If 

the dependencies are well-managed, the state of coordination is ‘highly effective’ and 

has a positive influence on the team performance. To achieve a highly effective state of 

coordination, an effective coordination strategy is required made up of a combination of 

explicit and implicit mechanisms considering the task, time, and distance factors. 

The findings from both cases conform to both the concepts of CE which indicates that 

an effective coordination strategy would positively reduce the possibility of dependency 

issues (e.g. form of delay or quality issues) which would positively affect the 

coordination outcome. For example, if a resource person is physically or virtually 

available to respond to developers’ queries or take decisions, it will reduce the chances 

of the presumption that could cause delays. It means that if the right person is present 

at the right place at the right time, the coordinating strategy would be effective to 

reduce the possibility of delays in decision-making or information acquisition. 

Likewise, the coordination strategy involves a mix of mechanisms to effectively 

coordinate the dependencies. Some of these mechanisms could be explicit (e.g., pre-

schedule meetings) and some are implicit (e.g., know who is available) and there is a 

correlation between these mechanisms to effectively manage dependencies. For 

example, while coordinating dependencies between local and distributed development 

teams, a recurrent group meeting was found to be an effective explicit coordination 

mechanism where all the team’s representatives were present to discuss their 

dependencies. These regular meetings facilitated a shared understanding of ‘what is 

going on’ in terms of release goals and ‘who is doing what’ to achieve the release 
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goals. This cognitive (i.e., implicit) understanding helped in identifying possible work 

dependencies with other teams or ‘know what to do’ to resolve the same issue faced by 

other teams.  

“We have touchpoints in terms of the 'Tech Sync Meeting' on every Thursday, that 

syncs up with other development teams. Issues that we are having, to alert people 

about critical client issues… Not only concerns about the issues, but also for any new 

builds, any new changes to share, and then email all the developers to know what is 

happening. Heads up in things, e.g. investigating one issue that might come to the 

other teams as well” [PDM] 

The regular inter-team synchronisation meeting above is an example of explicit 

mechanism that fosters the development of cognitive understanding (e.g. ‘who is doing 

what’, ‘what is going on’, ‘how to solve’ an issue) which is helpful to coordinate current 

and future inter-team dependencies. Without this knowledge, teams may face delays in 

identifying which team to contact for an issue, or which team’s work may cause the 

bug, and hence, would increase the dependency risk. Therefore, a coordination 

effectiveness model should consider both explicit and implicit components of the 

coordination strategy. 

Explicit coordination mechanisms involve overt activities that include direct interaction 

and information exchange between multiple parties for managing interdependencies. 

Examples of such mechanisms are task distribution, pre-arranged meetings, 

information, and instruction exchange via written documents or communications 

(Espinosa, Lerch, et al., 2002; Faraj & Sproull, 2000; Kanaparan & Strode, 2021). 

Several explicit coordination activities, tools and artefacts emerged from both cases: 

while agile coordination meetings (e.g. sprint planning, daily standup, sprint review, 

code review) helped in managing the team’s internal dependencies, pre-scheduled 

meetings helped in managing inter-team dependencies. In the Pigeon case, tech sync 

meetings, support meetings, and QA meetings were used to manage dependencies 

between distributed development, support, and QA teams respectively. Conversely, the 
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Scrum-of-scrums was the primary explicit coordination activity used to coordinate 

dependencies between the collocated teams. Several tools and artefacts were also 

used as explicit mechanisms: for example, Email, Jira, WebEx, Slack, and Confluence 

were the common coordination tools used in both case projects. In the Bluebird case, a 

number of physical posters and boards, e.g. dependency board, SoS board, Definition 

of Done and Definition of Ready posters were used to coordinate between the teams. 

In the Pigeon case, most shared artefacts were electronically stored and accessed by 

members of the teams. 

To be effective, these mechanisms must ensure that the required resource or 

information is present and accessible when it is needed and in a form that can be used 

or understood by the involved parties. If the information or resource is either not 

available or not in the form that is readily consumable, then it will not be effective to 

manage the dependencies. For example, while sharing the difficulties in coordination 

with a distributed product owner, one of the scrum masters of Pigeon says, 

“To be specific, she's not technical like me. So I put her in discussion and then she 

says, ‘I don't know, I need to ask someone to come back to you’. And then they go, she 

doesn't know very much, it’s just a waste of time, right? So I had to structure it so that 

the person she needs to go to was in the same meeting, which means that we got an 

answer straight away” [PSM1] 

In the above scenario, initially, the resource person was not available in the meeting 

which created delays in receiving responses and thus both sides were frustrated. This 

mechanism is complex and requires a back-and-forth dialogue until the required 

information is acquired. But as soon as the resource person is included in the 

conversation, this complexity is resolved and information exchange becomes faster 

and easier.  It illustrates that having the right thing, at the right place, at the right time is 

important for effective coordination; therefore, these three explicit components are 

included in the model of coordination effectiveness as shown in Figure 7.13.  
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Figure 7.13: Explicit Components of Coordination Effectiveness 

Though explicit mechanisms are supportive for effective coordination, it has limited 

bandwidth and is prone to availability (Nasroullahi & Tumer, 2012), particularly when 

teams and members are distributed globally. In contrast, implicit mechanisms involve 

actions based on the cognitive understanding of the team members about the task and 

the team that helps them to manage their interdependencies without any overt 

instructions or communication (Espinosa, Lerch, et al., 2002). While interacting with 

other members and participating in different software development activities, team 

members develop a cognitive understanding of the task and the team which helps them 

implicitly to coordinate their dependencies. Since the teams and members are not co-

located for informal face-to-face communication, implicit mechanisms are crucial in 

distributed software development. 

Similarly, several implicit components of coordination effectiveness associated with the 

dependency risks were identified in both cases. They are:  

• Know how interdependent 

• Know who is available 

• Know who knows what and where 

• Know what is going on and when 

• Know what to do and when 

The ‘know how interdependent’ component indicates that a shared understanding of 

the task-in-action and its interdependencies on other tasks contributes to the timely 

coordination of related dependencies. As identified in the Pigeon case project, 

development teams encountered major challenges in coordinating their work 

dependencies. Since there was a lack of appropriate mechanisms to identify 
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dependencies early, teams did not know how their work was interdependent on other 

teams’ work. As a result, it led to delays which was impacting their work quality and 

relationships. 

“you're trying to do what are you trying to do some feature that you haven't talked to us 

about? It's due in three weeks, and [now] you need our help? And also now it's not 

gonna be delivered because of us? Well, that's not really fair, because you didn’t tell us 

about it upfront” [PSM1] 

The above example illustrates that there is a lack of knowledge about how one team’s 

work is dependent on another team’s work which had an impact on their work 

coordination. Therefore, a lack of shared understanding about the inter-dependencies 

involved in the task-in-action is an important cause of delays. Similarly, the lack of 

mechanisms for early identification and notification of task dependencies leads to 

potential quality risks. It suggests that having a shared understanding of task and 

related dependencies is needed for effective coordination of inter-team task 

dependencies.  

The ‘know who is available’ component indicates the awareness about the availability 

of a resource entity. This implicit awareness is critical for communication and 

coordination with remote team members for information and decision exchange as 

stated by the BA in Bluebird case, 

“It’s important to know if he [the remote person] is available or not, e.g., try calling but 

may not be available or may be in another call or may interrupt flow of work” [BBA] 

This evidence indicated that the lack of availability or presence awareness is barrier in 

distributed communication. As discussed in the literature section, this aspect of implicit 

coordination is important for coordination with distributed team members. While team 

members are co-located, it is easy to find out whether the person is available or not, 

and thus can just turn around and start communicating, “I'll just turn around and say, 

hey, do you know anything about this?” [PDV1]. 
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Another instance of this awareness includes knowledge about the individual’s 

preference which has an impact on the effectiveness of the coordination. While 

communicating with a remote person, knowing what they are working on, how they 

work, how they prefer others to work and what’s their preferred way of communication 

supports coordination. For example: 

“Tends to be who you know in terms of what is your personal relationship, and how you 

trust someone. [Michael] might be nice to talk to the person or might just give a 

quick answer.” [PDM] 

Based on this evidence, ‘know who is available’ was included as an implicit component 

of coordination effectiveness.  

The know who knows what and where component indicates the awareness about the 

expertise available both inside and outside the team and their locations. It is evident 

from the data that team members must know about the skills and expertise of the team 

members, so that they can seek advice, on any issues or clarification and feedback on 

their work. 

“But sometimes I am not familiar and sometimes I know what the issue is, but I don't 

know how to solve it… to make it quick, you know sometimes he [Development 

Manager] might say that doesn't matter or you can shortcut” [PDV1] 

The above example from the Pigeon case indicates that the team member knows that 

the development manager has the necessary knowledge and expertise to guide him to 

investigate or solve any issue which might take longer otherwise.  

Similarly, knowing which developer to contact when testers are facing issues helps in 

resolving the problem faster, “He [tester] will come to ask if he's got any problem, or 

how to run this” [PDV2]. As mentioned by the tester in Pigeon, Team’s ‘Agile board’ 

records information on which developer worked on a particular task and has the 

required knowledge to help the testers. 
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While it is comparatively easier to develop such awareness in co-located teams, but 

can be challenging to know about distributed teams, and their expertise, hence may 

face difficulties to identify their location. 

“Sometimes you don't know who to call or you don't know who you are taking to. I don't 

know how these guys know that I had done this. May be they looked in TFS” [PDV2] 

From the developer’s perspective, it is difficult to know whom to contact when they are 

globally distributed. While shared artefacts such as code repositories may be helpful in 

identifying the required expertise, in Pigeon, most members were highly dependent on 

the DM who identified the distributed knowledge source and their location.  

“In terms of who to go for information, your first contact would be Dev. Manager and he 

would probably point you” [PDV4] 

Though the team members initially did not have this knowledge and were dependent 

on the DM, however, they eventually developed a cognitive understanding that 

provided support for future coordination. Therefore, knowing who knows what and 

where was included as a component of coordination effectiveness. 

The know what is going on and when component reflects the shared understanding 

about the activities of other members within the team, as well as, those performed by 

other teams. Such shared understanding helps in identifying the dependencies earlier, 

i.e. results in proactive coordination rather than reactive coordination. In the Pigeon 

case, Teams R and C were struggling to resolve some of their uncertain dependencies. 

Team C was lacking a shared understanding of the task interdependencies and was 

not interested in participating early until being blocked which resulted in delays.  

“…so if they're changing there that may affect us, so we can contact them 

proactively. And ask if there's a problem, right? Ask if you're going, can you think about 

this? Before we didn't know what they [Team C] were doing until they have been 

blocked by us. it takes a while to figure out the problem to then introduce effects” 

[PSM1] 
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In the Bluebird case, the development teams were conducting a release planning 

session at the beginning of each release and recording the inter-team dependencies in 

the dependency board. Any further dependencies were further added and coordinated 

during weekly scrum-of-scrums sessions. During these sessions, teams developed an 

overall understanding about what is going on in terms of the project, what other teams 

are doing, how they may affect us. Based on this understanding, interdependent teams 

started coordinating early to avoid blocking each other’s work progress. Therefore, 

knowing what is going and when was found to be an important component of 

coordination effectiveness for effective coordination between local and distributed 

teams.  

The know what to do and when component indicates that every individual involved in 

the project has a shared understanding of their tasks and the timing of their execution 

in relation to all other tasks in the current work cycle. Lack of this understanding leads 

to misaligned work priorities and uncertainty in work completion which has the potential 

impact of causing delays and poor quality. The following examples from (include case 

name) illustrate how the team members developed a shared understanding of their 

tasks (i.e. what to do) and priorities through agile practices.  

“It is very easy for the developer to be head-down the blink is on, you can't see 

anything else when you are very focused on what you are doing before you reach to 

the end of the sprint and find that it needs to be re-engineered.  For me it’s [daily 

standup] a way to check what is going on, what happened yesterday, is there are any 

blockers” [PDM] 

“The backlog grooming happens with the product owner, and at that point we kinda 

looking it what are the priorities, and we are making sure whenever we are planning on 

or working on is the priority” [PDM] 

In agile methodology, the project goals are executed in Sprints where each team 

decides what they will do (i.e. sprint goal) in relation to overall project or release goals; 

thus ideally knows what to do and when as a team. Similarly, the teamwise sprint goals 
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are broken into small tasks that are estimated and self-assigned by the team members 

during sprint planning sessions and further synchronised during backlog grooming, 

daily standup sessions. The scrum-of-scrums session used in Bluebird is an effective 

way to know what each team needs to do to collectively achieve the release 

deliverables. Therefore, it is reasonable that knowing what to do and when is 

supportive for effective coordination and therefore was included as a component of 

coordination effectiveness. 

Additionally, two implicit components ‘know why’ and ‘know who is doing what’ of the 

coordination effectiveness concept first introduced by Strode et al. in co-located agile 

software development, were found important in the context of DASD coordination.  

The know why component indicates a common understanding about the collective goal 

of the project and how a particular task contributes to the achievement of that goal. In 

the Pigeon case, several participants highlighted that understanding the background of 

the task, how it contributes to the feature under development is important for both 

successfully planning and developing the features.  

“Sort of information I like to give is the background of the problem. then explains the 

problem and why we doing it and overview of the solution. It’s done during the 

planning poker. Stories not really practical until it has these things.” [PDM] 

Lack of correct understanding or incomplete understanding resulted in issues that 

would require additional time and effort to complete their work. 

“He might come and say, it doesn't work. Because he might not have understood the 

reason of doing that, or run something wrong, or hasn't apply to some data properly” 

[PDV2] 

In the Bluebird case, this shared understanding was developed while creating the 

‘Definition of Done’ and ‘Definition of Ready’ through team consensus. These artefacts 

were posted around the team’s workspace to make it continuously visible for self-
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checking, which implicitly helped to avoid misunderstanding; hence required fewer 

coordination efforts.  

The know who is doing what component indicates a shared understanding of the 

activities of the other individuals in the project, either as a group or individually. This 

concept emerged in Pigeon. Members of Team R encountered conflicts with Team C 

due to not knowing what the other team was doing which had a significant impact on 

their work progress. 

“We don't know what they're doing, and they don't know what we're doing. But it's 

listening to what the activity that they're trying to perform to figure out how, where it is 

that we come in” [PSM1] 

Therefore, knowing who is doing what was found to be an important component of 

coordination effectiveness. All these implicit components contributing to the CE in the 

DASD project are presented in Figure 7.14. 

 
Figure 7.14: Implicit components of Coordination Effectiveness 

Overall, based on the findings discussed above, coordination effectiveness in 

distributed agile software development is conceptualized as, 

“a state of coordination in which all the right things are available and fit for purpose in 

the right place, at the right time. And all the local and distributed teams and their 

members have a shared understanding of the project goals and associated tasks, their 

priorities, know what is going on and when, who is doing what and how their works fit 
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with other team’s work, know what to do and when, who knows what and where, who is 

available in different time zones”.  

The coordination effectiveness concept illustrating the explicit and implicit components 

are presented in Figure 7.15. 

 

Figure 7.15: Coordination Effectiveness concept and its components 

7.2 Boundaries, Associations and States of the concepts 

While developing a conceptual model, it is vital to define the boundaries within which 

the concepts, their states and associations are valid. As this study focused on 

understanding the coordination in Distributed Agile software development projects, the 

boundary of the proposed theoretical model is the same as the study’s context, i.e. 

DASD projects based on their merit in the current state of knowledge. The data 

collection and analysis methods were designed, and the case projects and participants 

were selected to meet these boundary conditions. However, the final boundaries to 

which the model applies were specifically determined by the researcher at the data 

analysis phase; therefore, all the concepts proposed in this model should meet the 

following boundary conditions:  

1. The software development project under investigation has adopted either an 

agile methodology (e.g. Scrum, XP, Kanban), or a hybrid approach by 

combining practices from different agile-based frameworks (e.g. Scrumban, 
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ScrumXP), or a combination of contemporary agile and traditional plan-driven 

development methodologies.  

2. There are several distributed parties involved in the project either distributed 

locally with few hours or no time difference or globally distributed with a 

substantial amount of time difference. There are several dependencies between 

the distributed parties for the successful completion of the project deliverables.  

3. The customers are external to the project teams and there should be at least 

one or more customer proxy (e.g. PO) present as part of the project members. 

4. The project should be a software development project either in the development 

phase of a new product with a minimal customer impact or in the feature 

enhancement phase of a mature product with minimal to severe customer 

impact. 

The proposed model has a total of four primary and two auxiliary associations between 

the six constructs of this model (as shown in Figure 7.16). The associations outline the 

relationships between the proposed concepts were derived from the analysis of the two 

case findings. The proposed associations between the constructs are: 

Primary Associations: 

1. The dependency types are associated with Dependency risks. A dependency is 

termed a key dependency when it has the potential to lead to a dependency risk 

comprising delay and poor quality. 

2. The dependency types are associated with coordination strategy. Different 

types of coordination strategies, consisting of coordination activities, tools and 

artefacts and structure mechanisms, are used to manage different types of 

dependencies. 

3. Coordination strategy is associated with coordination effectiveness and a well-

formed coordination strategy leads to a high level of coordination effectiveness 

conforming to both explicit and implicit components. 
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4. Dependency risk is associated with Coordination effectiveness, and a 

dependency risk indicates a lack of engagement of the components (explicit or 

implicit) that impact coordination effectiveness. 

Auxiliary Associations: 

1. The type of dependency is associated with the dependency relationship. 

Dependency relationships can be inter-team, intra-team, technical and process 

specific that may influence the different dependency types. 

2. The type of dependency is associated with situational factors: project, product, 

team, and dispersion factors. 

Representing all the possible states of the concepts and their components in different 

conditions is vital for any model development. This study has identified three different 

states of the coordination strategy and their effectiveness depending on the distribution 

of the teams and their members. 

1. When teams are distributed: 

a. an effective team coordination strategy relies more on group-structural 

component for their Adhoc coordination, and coordinator role for all the 

boundary-spanning activities awareness to reduce impacts of low 

availability and proximity. 

b. achieving substitutability is difficult, and in most cases impossible, since 

each team has their own specialisation, and the division of labour 

restricts other teams to develop skills on features assigned to other 

teams. 

2. When team members are distributed, the effective coordination strategy relies 

more on informal and social awareness among the team members for Adhoc 

coordination activities. 

3. In both scenarios, coordination activities heavily rely on the tools and shared 

artefacts. 
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Figure 7.16: Proposed model of Coordination for Distributed Agile Software Development Projects 

The proposed model of coordination is portrayed in figure 7.16 illustrating each of the 

parts with their components. However, a detailed view of the model is provided in the 

Appendix C. The primary and auxiliary types of associations among the concepts are 

respectively drawn using solid and dotted lines. The dotted box surrounding the model 

indicates the boundary within which these concepts are applicable. 

7.2.1 Summary of the model 

The process of coordination begins with the identification of the dependencies. The 

model describes that there could be three different types of dependencies identified in 

DASD projects. While identifying the dependencies, this study suggests answering 

three primitive questions: who is dependent, for what and why. The answers to these 

questions would help the practitioners characterise the dependency relationship, the 

dependency type, and the purpose of the dependency (i.e. the reason for the 

dependency), respectively. The model proposes that any task currently being worked 

on (i.e. task-in-action) is dependent on one or more of (1) shared information from a 

shared artefact or knowledge resource, (2) the output from a previous or concurrent 

task from another work resource, (3) a decision from an appropriate resource with 
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authority or a technical artefact needed being available and usable. In terms of 

dependency relationship, the model proposes that the dependencies would be between 

multiple teams or members of the same team, or the technical components, or process 

activities.  

Once the dependency and its relationship are identified, it is important to analyse 

whether the dependency involves any dependency risk. A dependency risk would 

involve one or more vulnerabilities associated with any dependency that could 

potentially lead to a threat that could impact either by creating delay or poor-quality 

outcome. This study suggests that the dependencies and their associated risks need to 

be identified early and managed by a coordination strategy that would be effective 

enough to avoid or mitigate those risks.  

A coordination strategy consists of mechanisms involving various coordination 

activities, tools and artefacts and structure mechanisms. In addition, the desirable 

characteristics of the output of the coordination strategy are posited as (1) fit for 

purpose –this includes meeting quality standards and being accurate; (2) there exists a 

shared understanding of the relevance and impact of the coordination output on the 

task-in-action; (3) promotes awareness about the parties involved, their roles and 

responsibilities, availability and preferences, and their interactions in the workspace; 

and (4) the output is received and understood either before the task-in-action is started 

(pre-task and the need is anticipated), or with minimal delay after the dependency and 

coordination, need is communicated to the appropriate resource (in-task, either 

anticipated or ad hoc and unanticipated).   

Finally, the model proposes that a state of coordination (i.e. coordination effectiveness) 

could be achieved when the coordination strategy meets the above desirable 

characteristics which eventually helps in alleviating the dependency risks. 
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7.3 Prescriptions for practical implementation 

‘In theory, theory and practice are the same. In practice, they are not.’ - Benjamin 

Brewster (1882) 

A primary characteristic of a good theoretical model is that it can be implemented in 

practice (Lewin, 1951) and the ‘goodness’ of a model depends on its usefulness for 

practice. Therefore, this section will focus on the practical implementation of the 

proposed model in distributed agile software development projects. One of the 

significant characteristics of the proposed DASD coordination model is that it has the 

potential to support practitioners in understanding the dependency risks that might 

affect effective coordination and apply appropriate coordination strategies to mitigate 

the dependency risks. A list of mechanisms that practitioners can adopt to mitigate 

potential dependency issues is presented in this section. However, the efficiency of this 

model and the prescribed mechanisms is yet to be tested by the practitioners. 

Fourteen types of dependency issues drawn from the findings of the two cases are 

categorized into three high-level categories: knowledge management, work 

management and process management. A repertoire of coordination mechanisms to 

resolve these types of issues are discussed in the following sections. 

7.3.1 Practices for resolving Knowledge Management issues 

All the dependency issues that are linked to knowledge acquisition, distribution and 

shared understanding are grouped under this category. The main mechanisms for 

addressing these dependency issues are the following: 

• A constant open communication channel, by setting up a continuing conference 

call with a shared screen and slack channel, creates ‘visual cues’ that increase 

awareness of the presence and availability of the remote members. Additionally, 

an adjustment to working hours in all the locations would increase the 

overlapped working hours, which would help reduce time zone impacts on 

remote members’ availability and communication frequencies. 
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• For collocated teams, open workspace, adjacent seating arrangement for highly 

interdependent teams, and participating in social activities (e.g. BBQ parties, 

year-end parties) improve inter-team relationships and communication.  

• For distributed teams, conducting regular synchronization team meetings and 

maintaining virtual social interactions (e.g. sharing photos of distributed team 

members, informal discussion sessions) are effective mechanisms to avoid 

delays in getting responses and feedback. 

• Conducting stakeholder analysis per release and sprint helps in the early 

detection of teams’ collaboration needs. Automated dependency analysis 

techniques (e.g. logical coupling analysis) and visualization tools (e.g. 

Dependency Map for Jira) can be used to identify and track inter-team task 

dependencies. 

• A combination of traditional and agile approaches is effective for inter-team 

coordination. Highly interdependent teams should align work styles and perform 

joint planning and review activities to improve dependency awareness between 

them. Inter-team continuous coordination techniques, such as Scrum-of-Scrums 

meetings, Communities of practices (CoPs), open fishbowl sessions, are 

supportive for collective shared understanding about other teams’ activities, 

their expertise and effectively manage their interdependencies. 

• Agile practices are effective for creating redundancy of knowledge resources 

that could potentially eliminate knowledge acquisition bottlenecks. Joint problem 

solving and knowledge sharing sessions e.g. pair programming, mob 

programming, code review, and group knowledge sharing and discussion 

sessions e.g. sprint planning sessions, daily standup, Q&A sessions create 

opportunities for spontaneous knowledge sharing in the team. 

• Pairing asynchronous communication channels (e.g. sending emails prior to the 

meeting sharing a list of items to be discussed) with synchronous 
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communication (e.g. scrum-of-scrums meetings, support team meetings) can 

be effective to reduce opportunities of misunderstandings due to language and 

cultural gaps in distributed teams’ coordination. 

Overall, a combination of traditional and agile mechanisms is effective to reduce 

knowledge management issues. Additionally, the effectiveness of these mechanisms 

depends on the successful integration of high-end technologies and shared artefacts 

for improved knowledge distribution and awareness support. 

7.3.2 Practices for resolving Work Management issues 

The following mechanisms and practices are recommended to mitigate the four types 

of work management issues identified in both cases:   

• Test-Driven-Development (TDD) is the recommended method to create a 

balance between development and testing by shifting the mindset from 

delivering features to delivering high-quality features. Adopting a TDD approach 

in both the team and organisation level will encourage the developers to 

participate in testing that would reduce the potential risk of a testing bottleneck 

due to solo testers. 

• In case of mature product development, feature enhancement work streams 

should be separated from the bug fixing and support stream for better workload 

management and resource distribution. Additionally, using teams could apply 

different kinds of various metrics to perform an analysis of incoming workload, 

throughput and performance factors will improve Quality of Service (QoS). 

• Adopting the TDD methodology could radically reduce the bug detection and 

resolution time which will ensure the QoS; therefore, it is the recommended 

methodology for mature product development projects. 

• A combination of formal and informal mechanisms that promotes dependency 

awareness should be established both at the team (e.g. stakeholder analysis, 

triage sessions, logical coupling analysis) and project level (e.g. joint planning, 
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review and retrospective sessions, scrum-of-scrums) to ensure early 

dependency detection. 

• Visual dependency boards serve as good information radiators for tracking 

inter-team dependent works progress. For co-located teams, a physical 

dependency board conveniently placed in the open workspace and conducting 

regular team synchronisation meetings in front of that board is an effective 

mechanism for task coordination. A virtual dependency board aided by a project 

management tool (e.g. Jira, Active Collab) can be effective in coordinating 

globally distributed development teams. 

7.3.3 Practices for resolving Process Management Issues 

The following list of mechanisms is recommended to mitigate the three types of 

process management issues that could potentially hinder the coordination 

effectiveness: 

• Agile values and practices endorse a self-organising, cross-functional team 

notion where all the work-related decisions and task allocations are made by 

the team instead of a single authority. Agile coordination practices facilitate 

opportunities for frequent communication that can be effective in the teams’ 

autonomous decision-making. 

• Adopting TDD methods creates a balance between the development and 

testing phases that can mitigate ineffective work cycles. TDD-based work cycle 

helps to quickly pinpoint code issues and resolve them. It ensures effective 

work cycles in both mature and non-mature product development. 

• Aligning the work cycles between highly interdependent teams will facilitate 

improved dependency awareness, which in turn will help in resolving the inter-

team work priority conflicts. Likewise, increased opportunities for Adhoc 

communication using regular inter-team synchronisation meetings with shared 

artefacts, and high proximity seating arrangements for co-located teams are 

examples of practices that would improve shared work prioritisation. 
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Overall, adopting an agile mindset and implementing agile recommended practices will 

resolve many issues related to process management. Promoting shared leadership in 

the team will facilitate collective decision-making that will potentially resolve issues 

related to the hierarchical decision-making structure. Organisations must be cautious to 

adopt mechanisms that create a balance between formality that supports teamwork 

alignment and agility to promote self-organisation (Berntzen & Wong, 2021). 

7.4 Summary 

In summary, this chapter presented the essential contributions of this thesis by 

proposing a theoretical model of coordination. The model and its elements are based 

on the evidence from the analysis of two cases studied in this research. We have 

further proposed recommendations for the practitioners by highlighting practices that 

could guide them to achieve coordination effectiveness. 
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Chapter 8 : Discussion 

 

This chapter answers the research questions presented in Chapter 1, followed by a 

discussion of the study’s findings as they relate to the extant literature. Next, the quality 

of the case study research methodology is evaluated against its adherence to meeting 

the criteria of validity, reliability, rigor and relevance using the widely used frameworks 

of Dubé & Paré (2003) and Fossey et al. (2002). 

8.1 Answers to the Research Questions 

This study begins by asking an overarching question that focuses on understanding the 

effective coordination process of the key dependencies in DASD projects. This primary 

research question has guided this research that is being answered with the data from 

two selected case projects. The formation process of this research question is 

presented in Chapter 2. The following sections answer each of the sub-questions 

separately based on the study findings and then address the primary research question 

of this study. 

RQ 1.1 What are the key dependencies in DASD? 

Dependency types and antecedents 

A dependency represents a bi-directional, logical and time-dependent correlation 

between the activities it involves. Dependencies are logical as there is a cause-and-

effect correlation between the activity’s start and finish. Similarly, a time constraint 

exists in this correlation that has a potential or actual impact on the activities' start, 

execution and completion. In this research, a dependency is considered a ‘key 

dependency’, which has the potential to cause a high impact on the activity outcomes. 

There are two distinct antecedents that directly influence the types of dependencies 

found in DASD projects. Firstly, there are four types of dependency relationships found 
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in this study's cases: inter-team, intra-team, technical and process. Each dependency 

relationship contains one or more types of dependency grouped under three high-level 

categories: knowledge, activity and resource. All the high-level dependency types per 

dependency relationship are summarised in Table 8.1. 

The inter-team and intra-team dependency relationships are the most important 

categories of dependency relationships since they were involved with all three types of 

dependencies. The dependency relationships and high-level dependency types were 

defined during the within-case analysis discussed in Chapters 4 & 5 and are 

summarised in Chapter 7 as part of the model development. 

Table 8.1: Summary of Dependency Types per Dependency Relationship 

Dependency Relationships Dependency types 

Inter-team 
• Knowledge 

• Activity 

• Resource 

Intra-team 
• Knowledge 

• Activity 

• Resource 

Technical • Resource 

Process • Activity 

Besides, several situational factors influence the dependency types and their 

occurrences. The dependency analysis identified four situational factors: Dispersion, 

Project, Product and Team. The dispersion factor includes the temporal and spatial 

distances, which were the critical selection criteria for the cases of this study. The two 

cases of this study presented three dimensions of distribution that might exist in any 

DASD project, those are: 

1. Development/Technical teams are globally distributed 

2. Team members are globally distributed 

3. Customers or vendors are globally distributed 

Depending on the project context, these dimensions may arise individually or in 

combination. Irrespective of the distributed dimension observed in the projects, they 
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affect the dependencies and their coordination. For example, the pigeon case inhabited 

development and testing teams that are globally distributed, which involved the mode 

of communication and collaboration with NZ-based teams. In contrast, in Bluebird, 

while all the development teams were co-located, some team members intermittently 

worked from distributed locations in different project phases which created issues. In 

particular, the distribution effects were observed in the team members’ activity and 

knowledge dependency. 

The type of the project influences the kind of dependencies observed in the DASD 

projects. The vendor-related dependencies in the Bluebird case were due to the project 

type. In contrast, no such dependency was identified in the Pigeon case as the project 

was focused on developing its own product, and no vendor relationship existed in the 

project activities. The maturity and size of the product under development also 

influenced the dependencies and their occurrences. In Bluebird, the project activities 

were related to the customisation of the newly outsourced COTS product, which 

created a lot of knowledge dependency on the vendor teams and internal teams to 

understand and transfer the existing system features to the new one. In Pigeon, the 

project activities focused on a mature product's feature enhancement and bug fixing. 

Therefore module teams were primarily independent of knowledge dependencies 

compared to the other case. However, for both the case projects, the product's size 

created complexity in developing a shared understanding of the task knowledge, which 

impacted the inter-and intra-team dependency coordination.  

Finally, the specialisation or expertise of the teams involved in the project impacted the 

type of dependencies faced daily. In Bluebird, several teams engaged in the COTS 

customisation project were not involved in the development activities. The types of 

dependencies these teams faced were not similar to the ones faced by the technical 

development teams. Therefore, the types of dependencies are created and influenced 

by the team’s expertise which further dictates the coordination process. 
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In terms of occurrence, knowledge and activity dependencies are the most frequently 

occurring between the teams, as identified in both cases. The Bluebird case had a 

higher amount of knowledge dependency between the teams than the Pigeon case. 

One of the possible explanations for this high degree of knowledge dependency is the 

maturity of the product. Since the Pigeon case was working on a mature product, 

teams already had good knowledge about the product and its functionality. On the 

contrary, the software under development in the Bluebird case was immature. 

Therefore development teams had a high degree of domain and expertise knowledge 

dependency on other teams. Nonetheless, task knowledge dependency was vital in 

both projects. A lack of shared understanding of the task knowledge impacted the 

coordination of this dependency and the activity dependencies, which was highly 

noticed in the Pigeon case. The inter-team resource dependency was infrequent 

compared to the other two types of dependencies. It was mainly found when there was 

a need for collaborative decision-making between the teams. 

In terms of impact, knowledge and resource dependencies are the most impactful 

types of dependencies found in the intra-team relationship. In Pigeon, most of the 

knowledge dependencies were concentrated on the development manager, who 

possessed most of the product and domain-specific knowledge. Besides, the same 

person was the team's utmost decision-making authority, which caused an unhealthy 

dependency structure. A similar situation occurred in the Bluebird case, where the two 

intermittently distributed vendor-resourced developers analysed significant knowledge 

and resource dependency. Activity dependencies were the most common type of 

dependency in both case projects, which the project members and higher authorities 

acknowledged well. Hence, all but the dependency on the testing and QA activities 

were managed well. 

The technical dependency relationship is mainly associated with both cases' inter-

module or product feature dependencies. In both case projects, there were 

dependencies on the testing environments, which were considered technical 
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dependencies. This form of technical dependency was extreme in the Bluebird case as 

there was a pipeline of technical environments for development, testing, QA, UAT and 

production, which required consistent environment configuration.  

The activity-related constraints found in both cases were considered business process 

dependencies. The criticality associated with this dependency type was the sequential 

bug-fixing activities flow and strict time-bounded deadline defined in the Pigeon case. 

In contrast, the pre-defined request and feedback process imposed by the vendor 

formed a process dependency that all client teams had to follow. Since the process and 

activity flow were well-established, there was a low incidence of such dependencies in 

the Bluebird case. 

Dependency Risk 

While considering the impacts of the key dependencies, the dependency risk concept 

has emerged. The dependency analysis indicates that several dependencies have 

associated risks that could cause high coordination impacts. A dependency risk is a 

potential vulnerability within the dependency that can become a threat leading to the 

possible effects on the dependency outcome if not managed well. Delay and Poor-

quality are the two types of dependency risks that emerged from the data, as discussed 

in the preceding chapters. In Pigeon, the delay and poor-quality dependency risks had 

a high potential impact. In contrast, the Bluebird case dependencies were mostly 

exposed to the increased effects of delay risks. Since the product was still under-

development, there was a low risk of poor-quality impacts, which justifies the low 

impact occurrence for the Bluebird case. 

Among these two types, the dependency risks potentially leading to delays were the 

most prominent in both cases. All the key dependency types were associated with risks 

of delay impacting the project’s progress. In contrast, the activity and resource 

dependency types only had associated poor-quality dependency risks. The root causes 

of dependency risks were grouped into knowledge, work and process management 

issues. The knowledge and process management issues were the most common in all 
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dependencies. These two issues are causing all the dependency risks associated with 

knowledge and resource dependency. Since work management issues primarily 

caused the risks associated with activity dependencies, it was unsurprising not to find 

any impacts of such issues on other dependency types. Additionally, this study 

identified dependency risks as more intense during the project's requirements 

gathering, scheduling, and feature development phases. The primary cause of this 

criticality was the high involvement of the distributed members in those phases. 

Answer to RQ1.1 

The key dependencies in distributed agile software development are the knowledge, 

activity and resource dependency. The findings related to these key dependencies can 

be summarised as follows: 

• Knowledge dependencies are requirements, expertise, task and historical 

dependencies. 

• Activity dependencies are composed of work-output and business process 

dependencies. 

• Resource dependencies are composed of the entity and technical 

dependencies. 

• Dependency types are influenced by inter-team, intra-team, technical and 

process dependency relationships. 

• Dependency types are influenced by Dispersion, Project, Product and team 

situational factors. 

Since the key dependencies have high dependency risks involved, It is significant to 

find the key dependencies and coordinate them effectively to mitigate the risks 

observed in the DASD projects.  

RQ 1.2 How are they coordinated? 

The coordination mechanisms applied to manage all types of dependencies are 

grouped into three high-level categories: Coordination activities, Coordination tools and 

artefacts and Structure. Multiple coordination mechanisms are selected to manage the 

dependencies; they form a coordination strategy that varies depending on the 

dependency characteristics and its antecedents. For example, synchronised group 
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meetings via conference calls and screen sharing were the primary mechanisms 

applied in both case projects to coordinate knowledge and activity dependencies 

between the local and distributed teams. At the same time, an asynchronous way of 

coordination was preferred to coordinate with distributed clients (Pigeon) and vendors 

(Bluebird). Though the distributed aspect was common in both scenarios, coordination 

strategy varied for coordinating the dependencies based on the dependency 

relationship. A summary of the coordination strategies used in the cases and their 

association with agile practices are presented in Table 8.2. 

Coordination Activity 

Coordination activities are the primary activities involved in managing the 

dependencies for all dependency relationships and can be either synchronous or 

asynchronous. In a synchronous coordination activity, the information exchange, 

discussion, negotiation and decisions are made synchronously where the participants 

are either present in person or over the virtual media. These activities are the most 

common coordination activities found in both cases. For example, sprint planning, code 

review, sprint review and retrospective meetings are synchronous coordination 

activities used to manage intra-team dependencies. Several other mechanisms not 

recognised as agile practices were also used as coordination mechanisms. For 

example, in the daily meetings, the inclusion of external team members (e.g. SMEs) 

and measuring the team’s confidence to meet the sprint goals using Fist-to-Five are not 

recommended in any agile frameworks but applied in the Bluebird with the existing 

agile practices to make it effective.  

Whereas the asynchronous coordination activity does not involve face-to-face 

communication or instant information or decision exchange. Several asynchronous 

coordination activities are commonly used for inter- and intra-team coordination needs 

in the DASD projects. For example, sending emails was the preferred mode of 

communication between the developers and the tester in the Pigeon case. In contrast, 
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support teams and clients primarily relied on emails to communicate with Team R 

members for Adhoc and urgent requests.  

Tools and Artefacts 

To coordinate with the local and distributed parties, various tools and artefacts support 

the synchronous and asynchronous coordination activities. In both case projects, group 

meetings were conducted over the conference call using Skype and WebEx to connect 

the local and distributed members virtually. JIRA and Confluence supported most forms 

of task tracking and knowledge sharing involved in most coordination activities. 

Physical or electronic mediums containing different information and knowledge 

supported the coordination activities in every stage of the DASD process. Artefacts 

such as product or requirements backlog for requirement tracking and sharing, epics 

and user stories to hold user and story details, squad boards, wall-mounted posters 

and boards for inter-team dependency and issues tracking, burndown charts for sprint 

progress tracking, retrospective boards for team improvement goals sharing are the 

key artefacts found in both cases. The format and the use of these artefacts are 

depended on the form and purpose of the coordination activities; therefore, the same 

coordination activity might use different artefacts in different phases of the project.   

Structure 

High Proximity to local and distributed teams and members, continuous availability of 

knowledge and resource persons, readily available substitutes of key resource 

personnel and coordinator role for facilitating boundary spanning activities are the 

components of the Structure mechanism. Co-location of team members and key 

expertise and authority resources such as subject matter experts, PM, and 

Development Managers improved the proximity of the resources necessary. 

Continuous open communication channels, Slack status, and wall clocks showing the 

local times of distributed members’ locations were helpful mechanisms to achieve 

availability. Intra-team substitutability was achieved by having redundant skills and 

expertise in the teams, whereas inter-team substitutability was achieved by taking over 
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the tasks beyond expertise. Several designated roles, such as Scrum Master, Proxy 

PO, and Product and Project manager, were acting as coordinators to support inter-

team coordination between the local and distributed teams. 

There are noticeable differences in the coordination mechanisms used for dependency 

relationships which are further influenced by the dispersion factors. While only formal 

group meetings facilitated by a coordinator role were the primary mechanism for inter-

team dependencies, informal and formal coordination strategies were used to 

coordinate dependencies frequently within the team. If the teams or members were 

distributed, the meetings turned into virtual meetings with the help of technologies to 

connect all the participants. 

Answer to RQ1.2 

The coordination mechanisms used to coordinate three types of DASD dependencies 

in the DASD projects form three distinctive categories: 

• A group of synchronous or asynchronous activities are the primary coordination 

activities for managing the dependencies supported by a repertoire of tools and 

shared artefacts. 

• Structure mechanisms ensure that the required resources, within the team or 

external, are available in reasonable proximity. There should be substitutes 

available for both inter-and intra-team levels to take over each other’s tasks. 

• A coordinator role plays an important part which is considered as part of the 

structural mechanism that ensures the boundary spanning activities between 

local and distributed parties. 

• The selection and application of these coordination mechanisms are affected by 

the dependency relationships, dispersion and development process 
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Table 8.2: Summary of Coordination Strategies from the cases 

Coordination Strategy Coordination Mechanisms Pigeon Bluebird 
Agile 

Practice 
Synchronous 
coordination activities 

Group Meeting (Formal & Adhoc) √ √ √ 

Daily standup √ √ √ 

Sprint planning √ √ √ 

code review √ 
 

√ 

QA Demo √ 
 

√ 

Informal F2F meetings √ √ 
 

Sprint Review √ √ √ 

Sprint Retrospective √ √ √ 

Voice Conference Call √ 
  

Video Conference Call √ √ 
 

Screen Sharing √ √ 
 

2-week Requirement Discovery 
 

√ 
 

Release planning meeting 
 

√ √ 

Scrum-of-Scrums meeting 
 

√ √ 

Fist to Five 
 

√ 
 

Backlog refinement 
 

√ √ 

Asynchronous 
Coordination Activities 
 

2-Week Sprint √ √ √ 

Email Communication √ √  

Comments and Descriptions of Tickets √   

Tools 
 

JIRA √ √ 
 

WebEx √ √ 
 

Skype √ √ 
 

Confluence √ 
  

Slack √ √ 
 

Code Versioning tool (TFS) √ √ 
 

Retrospective tool √ 
  

Smartphone with gimble stabiliser 
 

√ 
 

SMART tool √   

Artefacts 
 

User story √ √ √ 

Electronic Squad board / Storyboard √ √ 
 

Release backlog √ √ √ 

‘How to’ docs √ 
  

Software code √ √ 
 

Sprint backlog √ √ √ 

Product Backlog √ 
 

√ 

Online Forum 
 

√ 
 

Physical Dependency Board 
 

√ 
 

Physical Risks and Issues Board 
 

√ 
 

Requirements backlog 
 

√ √ 

Epics with Personas 
 

√ √ 

Physical Squad Board 
 

√ √ 

Definition of Done (DoD) poster 
 

√ √ 
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Definition of Ready (DoR) poster 
 

√ √ 

Physical Retrospective Board 
 

√ √ 

Burndown chart √ √ √ 

Availability Continuously available Resource Member √ 
  

Open communication Channel for instant 

communication 

 √  

Status in Slack √ √  

Multiple Wall clocks for different time 

zones 

 √  

Proximity Co-located team members √ √ √ 

Co-located key resource personnel √ √ √ 

Shared knowledge of roles and 

responsibilities of other teams 

 √  

Substitutability Redundant skills and expertise in the team √ √ √ 

Task sharing between teams √   

Coordinator role 
 

SM √ √ √ 

DM √ 
  

Proxy PO √ 
 

√ 

Product Manager √ 
  

Co-located POs 
 

√ √ 

Project Manager 
 

√ 
 

 
RQ 1.3 Are the coordination mechanisms effective? 

The third sub-question of this research asks about the effectiveness of the coordination 

mechanisms, which is answered using the Coordination Effectiveness (CE) concept. 

The formal definition of coordination effectiveness was developed based on the 

analyses of case evidence specific to the DASD context, 

“a state of coordination in which all the right things are available and fit for purpose in 

the right place, at the right time. And all the local and distributed teams and their 

members have a shared understanding of the project goals and associated tasks, their 

priorities, know what is going on and when, who is doing what and how their works fit 

with other team’s work and know what to do and when, who knows what and where 

who is available in different time zones”. 

It is also drawn from related research on coordination in agile software development 

(D. E. Strode et al., 2011). It suggests that CE is better understood by two components: 

explicit and implicit components.  
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CE Components 

Explicit components confirm the availability of the right thing, at the right place, at the 

right time. Implicit components are shared awareness of the goal, project activities, 

priorities, allocations, inter-dependencies, and location and availability of the local and 

distributed resources. This study adopted the above components while forming an 

understanding of coordination effectiveness in the DASD context.  

In addition, we have developed our own criteria to evaluate the effectiveness based on 

our analysis framework. In accordance with that criterion, the mechanism used in 

coordinating a dependency can be considered effective if it either aids in eliminating or 

reducing the risks associated with that dependency. This evaluation criterion directly 

links the dependency risks and the coordination effectiveness. 

The case findings have confirmed the accuracy of the relationship. For example, 

several participants in the Pigeon case indicated that they have coordination issues 

with one of the remote teams, which have strong functional overlapping. One of the 

primary reasons for this inter-team coordination issue was uncertain high-priority work 

requests, potentially creating complexities on both sides. 

We analysed this as an issue of not having a shared understanding of inter-team 

dependencies and the mechanism of early detection of dependent works that will allow 

sufficient lead time to the processing team. A shared understanding of inter-team 

dependencies is a cognitive idea of how one’s work may impact others’ work or vice 

versa. Without having this understanding, teams would wait until the last moment when 

they finally reach a stage when they urgently need some work from other teams, 

otherwise will fail to complete the work within the deadline (probable case of delay). 

These issues also have quality impacts, such as under-delivery and frustrations 

between teams that will impact their relationship. Therefore, a poor or lack of shared 

understanding of inter-team dependencies negatively impacts the dependency and 

leads to dependency risks. Therefore, ‘know-how interdependent’ can be considered 
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an implicit component of coordination effectiveness, which is directly related to 

dependency risks, as illustrated in Figure 8.1. 

 

Figure 8.1: Example of extracting Coordination Effectiveness Component 

Similarly, this study analysed all the dependency issues and causes identified in both 

cases to link to a component of coordination effectiveness, as illustrated in Figure 8.2. 

There is a total of eight components emerged from the data. Three of them are 

categorised as the explicit component: right thing, right place, right time, and the rest 

five are categorised as implicit components: know-how interdependent, know who is 

available, know who knows what and where located, know what is going on and when, 

know what to do and when. 

 

Figure 8.2: Relationship between Dependency risk vs Coordination Effectiveness 
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Answer to RQ1.3 

The absence or lack of a coordination mechanism to alleviate the dependency risks 

would lead to a poor state of coordination effectiveness. An effective coordination 

strategy combining appropriate coordination mechanisms would eliminate or reduce 

dependency risks, leading to a high state of coordination effectiveness.  

Achieving coordination effectiveness is essential for avoiding the risks related to the 

dependency outcomes, which two types of components could operationalise: 

• Explicit components are achieved by confirming the right thing is present in a 

usable state at the right place, at the right time. 

• Implicit components are achieved by developing cognitive awareness among 

the participants. This awareness facilitates shared knowledge about the task 

such as knowing why doing the task, knowing what to do and when, and 

knowing how tasks are interdependent. Additionally, this awareness supports 

teams’ external knowledge, such as knowing who knows what and where, 

knowing who is available, know who is doing what, know what is going on and 

when in terms of the overall project and release. 

• A mix of coordination mechanisms fulfilling the explicit and implicit components 

might be required to manage the dependencies effectively.  

RQ 1.4 What are the challenges and factors associated with the coordination 

mechanisms? 

Six high-level categories of coordination challenges were identified: (i) dispersion, (ii) 

team communication, (iii) vendor-client coordination, (iv) process, (v) organisation and 

(vi) technical.  

Challenges 

Due to the temporal and physical distances between the teams and members of the 

team, coordination between these distributed members was challenging. The 

communication challenges were caused by an inappropriate choice of communication 

channel, lack of engagement, and reduced availability and lack of responsiveness of 

the participants. Insufficient bandwidth of communication through the solo liaison 
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person, misalignment of the work process, and lack of trust due to lack of familiarity 

between the vendor and client team members were the primary challenges in vendor-

client coordination. The process-related challenges resulted from the misalignment of 

the code management practices between teams, lack of shared understanding and 

misunderstandings about the system, product and process, and complexity in the data 

extraction from the legacy systems. Imbalanced responsibility and authority distribution, 

disturbance due to the work environment and misalignment between the self-

organising teams were primary causes of organisational challenges. Finally, 

problematic tools and added layers of security and access permission created technical 

challenges in distributed coordination. 

This research analysed the root causes linked to the coordination challenges and 

identified that the most critical coordination challenges are related to temporal and 

geographical dispersion, which is one of the primary challenges of DASD coordination 

(Talukder et al., 2017). The second most-critical coordination challenge is linked to the 

communication issues that are also well-acknowledged in the DASD literature (Alzoubi 

& Gill, 2014). The analysis showed that some challenges are unavoidable and need 

alternate mechanisms to reduce the effects of challenges. For example, dispersion is 

the standard and integral factor associated with the DASD project coordination; 

therefore, removing this challenge is inevitable, and the impacts can only be relegated 

by applying alternate coordination mechanisms, such as open communication channels 

to improve availability, improve familiarity between the distributed members to develop 

trust and mutual relationship. On the contrary, several coordination challenges are 

comparatively easy to resolve. For example, the key organisational challenges, such as 

hierarchical authority and central dependency structure, could be resolved by following 

the industry’s best practices (Alzoubi et al., 2016; Alzoubi & Gill, 2020; Bick et al., 

2017; Marthe Berntzen et al., 2021). Emphasising horizontal decision-making by 

encouraging self-organising teams could resolve the challenges with authority structure 
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(Hoda et al., 2010, 2012). This research proposed a list of mechanisms based on the 

case data analysis to reduce or eliminate the coordination challenges’ impacts. 

Factors 

This research also highlighted three types of confounding factors (contextual, 

organisational and technological) that are associated with these issues. A better 

understanding of these factors and their relationship with the challenges would help the 

selection and adoption of appropriate mechanisms in alleviating the coordination 

challenges. 

Answer to RQ1.4 

The challenges associated with the DASD project coordination are resulting from 

• temporal and physical dispersion, inter-team communication, vendor-client 

communication, process, organisation and technical issues. 

• And these issues are contributed from contextual, organisational and 

technological factors. 

Answer to RQ1 

This research seeks to answer the primary research question to understand how the 

key dependencies are effectively coordinated in the DASD project. Based on the 

answers to the sub-questions, this study has understood the following: 

• Knowledge, activity and resource dependencies are the key dependency types 

in distributed agile software development projects. These types may vary 

depending on the dependency relationships and situational factors. 

• A coordination mechanism combining different activities, tools, artefacts and 

structural mechanisms is used to manage the dependencies. A coordination 

strategy is required to carefully select the mechanisms depending on the type of 

dispersion, dependency relationship and process. 

• The effectiveness of the coordination relies on how well the risks associated 

with the dependencies are mitigated. An effective coordination strategy, a 

combination of explicit and implicit components, is required to mitigate the 

probability of delay and poor-quality outcomes. 
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• Six types of coordination challenges that need to be mitigated to reduce their 

impacts on the coordination while achieving coordination effectiveness.  

8.2 Discussion 

The initial conceptual model presented in Chapter 2 was based on two prominent 

works of coordination in agile software development and distributed software 

development (Espinosa, Lerch, et al., 2002; D. Strode, 2012). The model was 

continually refined and adapted, and the components of the final proposed model of 

coordination in DASD are drawn from both the findings of this research and relevant 

concepts from the contemporary literature.   

The dependency types identified in this study are similar to the dependency taxonomy 

of agile software development projects as presented by  (D. E. Strode, 2016). The 

conceptual model of this study includes a dependency taxonomy for the DASD 

projects, which is a revised version of Strode’s work on coordination in agile software 

development projects. The following are the differences between Strode’s (D. E. 

Strode, 2016) and the findings of this study, (i) task knowledge dependency, (ii) 

process dependency.  

This study determined that the proposed ‘task allocation’ knowledge in Strode’s 

taxonomy is only a subtype of ‘task knowledge’ dependency, and there are several 

other types of task-specific knowledge DASD context as discussed in Chapter 7 (see 

figure 7.3). This study introduced task knowledge dependency as a subtype of 

knowledge dependency, which redefined the task allocation dependency type of 

Strode’s taxonomy. In a DASD setting, task-related knowledge creates a number of 

dependencies that can lead to several impacts if not managed effectively. Due to the 

physical and temporal dispersion, disseminating different forms of task knowledge 

among the teams and members is challenging, which requires proper coordination 

strategy to effectively manage this type of dependency. 

Similarly, the ‘Process dependency’ type of Strode’s taxonomy was redefined as 

‘Activity dependency’, a dependency relationship that influences the dependency types. 
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At the same time, activity dependency in the taxonomy of this study represents 

interdependencies between activities, which can be characterised as work-output or 

business process dependency. The differences between this study’s dependency 

taxonomy to Strode’s taxonomy are highlighted in Figure 8.3 (yellow for revised, green 

for new). 

 

Figure 8.3: Revised and New components of Dependency Taxonomy 

The coordination strategy concept of the model presented in this study supports 

findings from relevant studies on agile software development and distributed 

coordination in the extant literature. Strode (2012) proposed the term coordination 

strategy in an agile software development context by identifying the synchronisation, 

structure and boundary-spanning components. Espinosa et al. (Espinosa, Lerch, et al., 

2002) identified that a strategy was needed to achieve a highly coordinated state by 

utilising a combination of implicit and explicit mechanisms in global software 

development contexts. This study defines coordination strategy in DASD as a 

combination of mechanisms that are carefully selected and applied to effectively 

manage the dependencies, which aligns well with the concept of coordination strategy 

proposed by both Strode and Espinosa. Moreover, this study found/ determined that an 

effective coordination strategy should be altered depending on the situation and need, 
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and the same mechanism might not be effective in all scenarios ‘one size does not fit 

all’ (Espinosa, Lerch, et al., 2002). 

Since most coordination activities involving distributed participants are forms of 

boundary-spanning activities and also synchronous in nature, we found that there is a 

strong dependence on a coordination role to facilitate the coordination. This 

conceptualisation differs from Strode’s (2012) coordination strategy components, in 

which coordinator roles are only not involved in the synchronisation activities. Espinosa 

et al. (Espinosa, Lerch, et al., 2002) conceptualised coordination strategy as a mix of 

explicit and implicit mechanisms, where explicit mechanisms include task organisation 

and team communication, and implicit components consists of various forms of team 

cognition (e.g. shared mental model, transactive memory, group mind and task 

awareness). The conceptual model proposed in this study does not specifically include 

the combination of explicit and implicit mechanisms, as a specific mechanism can 

serve as both an explicit and implicit mechanism at the same time, and therefore 

difficult to characterise the explicit and implicit behaviour of a coordination activity. 

The proposed model of this study presents an elaborated view of the coordination 

strategy for the DASD context as shown in Figure 8.4. The components differing from 

Strode and Espinosa’s work are highlighted (yellow for adapted, green for new). The 

model outlines that an effective coordination strategy in a distributed agile software 

development project is a combination of synchronous and asynchronous coordination 

activities which are supported by tools, shared artefacts and structure mechanisms. 

This conceptualisation supports the taxonomy of the coordination proposed by 

(Berntzen et al., 2022) who identified different forms of Meetings, pre-defined roles, 

and tools and artefacts as key elements of inter-team coordination in large-scale agile 

software development, including distributed teams.  
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Figure 8.4: Components differing from Strode and Espinosa et al.’s work 

The findings of this study concur with most of the coordination effectiveness 

components (highlighted as yellow in Figure 8.5) suggested by Strode et al. (D. E. 

Strode et al., 2011). In addition, two important implicit components were identified for 

developing a shared cognitive understanding between the local and distributed parties. 

The two new components, ‘know how dependent’ and ‘know who is available’ are 

highlighted as green in Figure 8.5. The ‘know how dependent’ component indicates the 

level of shared understanding of different types of dependencies that helps to 

proactively identify, notify, negotiate and manage the interdependencies with 

distributed teams. The ‘know who is available’ indicates the level of shared awareness 

of the availability of distributed resources and their preferences. Without having such 

awareness, people might not know when the required person will be available or might 

use a communication channel that is not the preferred way to get a quick response. 

This finding is consistent with that of Espinosa et al. (Espinosa, Lerch, et al., 2002) who 

defined this form of awareness as knowledge of ‘who is around’ to support coordination 
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in distributed software development. Therefore, this component was added to the 

preliminary model presented in Chapter 2 and further supported by the study’s findings. 

 

Figure 8.5: New components of Coordination Effectiveness 

The situational factors presented in the model of coordination are supported by the 

work of Espinosa et al. (Espinosa, Lerch, et al., 2002). Espinosa proposed three 

situational factors: task, team and context, that influence the dependencies in the GSD 

context. While the findings of this study concur with Espinosa’s study, there are some 

differences. Based on the findings from this study, four situational factors that affect the 

dependencies in a DASD context are identified. They are Project, Product, Team, and 

Dispersion. Similar to Espinosa et al.’s work, this study found that team and dispersion 

(i.e., context) factors influence the dependency types. While there is no direct impact or 

influence on the dependencies due to task factors, the project type may have an 

indirect relationship with the task factors, which in turn might influence the dependency 

on the DASD project. For example, depending on the type of project, the tasks might 

vary which would result in different kinds of dependencies. Therefore, the task factor 

can be considered a subtype of project factors that indirectly influences the project 

dependencies. 
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Figure 8.6: Distinctive contributions in the proposed model of coordination 

The proposed model makes a unique contribution to the literature on coordination in 

the DASD context as presented in Figure 8.6 highlighting new (green) and adapted 

(yellow) components. Firstly, the proposed model sheds new light on the four different 

types of dependency relationships, which strongly influence the types of dependencies 

and their coordination in the DASD context. While most extant literature on DASD 

coordination either focuses on inter-team or team-level dependency relationships, there 

is no formal definition of dependency relationships or their implications on the 

dependency types presented in those studies. Secondly, this study determines two 

high-level categories of dependency risks, delay and poor quality, that could potentially 

hamper the coordination and project performance. This thesis provides a deeper 

insight into each type of dependency risk and its impacts on different parts of the DASD 

process. Moreover, this model highlights that different project and contextual factors 

can influence different types of dependencies, which could result in dependency risks. 

Finally, this model presents the relationship between dependency types, risks and 

coordination effectiveness. The study findings indicate that the vulnerabilities 

associated with the dependencies may lead to dependency risks and the risks could 

impact the coordination effectiveness if not appropriately managed.  
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8.3 Lessons learned and Recommendations 

A number of important learnings can be noted to stimulate the expected participation of 

the remote worker in the activities related to their Scrum-based agile development 

process (e.g. daily Scrum meetings, Sprint planning, Sprint reviews, Sprint 

retrospectives). 

1. The mediating technologies needed to be low friction to use. This would take 

some experimenting with both at the remote worker’s site and the squad’s work 

area. Criteria related to this include: 

• It is the responsibility of a squad member to make sure that the video 

equipment is available and working and that the remote worker would be 

available, prior to any planned team meeting. 

• The signup process to join the video conference should be straightforward 

for the remote worker. 

• The video screen should be large enough and suitably positioned for the 

entire team to see and hear the remote worker, so the squad has a constant 

sense of their presence. 

• The squad microphone should be sensitive enough so that as squad 

members speak, they can be heard by the remote worker. This proved 

challenging at times because the squad was sometimes spatially spread out 

in a large room. The squad resorted to passing a microphone around to 

members who were speaking, which could be a bit disruptive to the normal 

flow of conversation. 

• From the remote worker’s perspective, they emphasised that the technology 

needed to be simple to be set up and use. One remote squad member left 

the technology set up at all times in a dedicated space to avoid the setup 

overhead and lower the risk of it not functioning when needed. 

2. A highly visible clock set to the time in the remote worker’s time zone increased 

squad empathy for the remote worker’s situation during a squad meeting 

(generally working at an inconvenient or undesirable time from the remote 

perspective). The clock also helped to coordinate squad members’ expectations 

regarding response times or availability of the remote worker. 
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3. A number of participants indicated that it would have been useful to have an 

indicator of the presence and availability of the remote worker. This would help 

with managing ad hoc requests and communications and the uncertainty of 

response times or availability. The remote workers interviewed felt this could be 

too obtrusive unless they were in control of the presence indicator. These 

observations align well with the findings of (Steinmacher et al., 2013) who 

investigate the need for awareness support in distributed software development. 

4. One of the possible ways to mitigate this testing bottleneck could be to start the 

testing activities as early as possible in the sprint which will give enough time for 

both the tester and developers to coordinate and resolve defects. 

5. Since dependencies between team members were quite dense (knowledge, roles 

and work), the need for spontaneous, unplanned coordination was quite common, 

usually short face-to-face interactions. Time zone differences and equipment set-

up delays made this type of short spontaneous interaction challenging. This was 

largely obviated by one remote worker who synchronised his time at work with the 

team and had a video link always on while he was at work, in a dedicated space. 

While this may not suit all remote worker’s situations, it certainly increased 

coordination opportunities and reduced delays in workflow. 

6. Forming self-organising team behaviour will be a key to mitigating the single point 

of knowledge and decision-making bottleneck. Additionally, redefining the roles of 

the team members and empowering them to self-assign all the team tasks will 

reduce the imbalanced work distribution. 

7. Remote workers reported that they missed the situational awareness of co-

location with the rest of the squad. From a coordination perspective, this included: 

• Over-hearing spontaneous interactions that surfaced a coordination need or 

misunderstanding that turned out to be relevant to their own work or they 

were able to contribute based on their own experience and knowledge. 

• Visibility of the many artefacts in the work environment that acted as 

information radiators to coordinate knowledge about previous decisions, 

principles and information that should be kept front-of-mind. These points 

relate well to the role of situational awareness in coordination (Endsley, 

1995) as well as the importance of workplace ambience (Mishra et al., 

2012). 

8. Remote workers reported delays in their work because they depended on remote 

access to certain databases and product features behind a firewall. They 
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suggested that this be coordinated prior to them travelling to the remote work 

location. 

9. Lack of mutual trust in the distributed team (Brede & Šmite, 2012) was not an 

issue in this case since the remote worker had also spent considerable time. 

8.4 Research Evaluation 

This research signifies that coordination is a contemporary challenge in software 

development which is further complicated in a distributed context. This research 

uncovered from a systematic literature review of the empirical literature that there is a 

gap in the current body of knowledge supporting effective coordination in DASD. The 

systematic review process adopted in this study followed the established guidelines 

and procedures proposed in the literature (Dybå & Dingsøyr, 2008; Kitchenham & 

Charters, 2007b; Okoli & Schabram, 2010). Following this finding, the main body of this 

thesis focused on presenting the key aims and outcomes of two empirical case studies 

analysis.  

While evaluating qualitative research, there is a recognition that the activities for 

conducting the study should follow the standards of good practice (i.e. methodological 

rigor), as well as the findings and interpretations of the findings, should meet the 

criteria of trustworthiness (Fossey et al., 2002). This research adopted a mix of 

positivist and interpretivist paradigms that combined knowledge from the extant 

literature (positivist) and interpretation of empirical case study findings to conceptualise 

coordination in the DASD project. This research applied the four aspects of quality 

assessment suggested by Yin (2002), construct validity, internal validity, external 

validity and reliability. The application of these aspects in this study are discussed in 

the following paragraphs. 

Construct Validity  

Construct validity concerns that the instruments used in the study should be designed 

in a way that supports the researcher’s preconceived notions of the ‘subjective’ 

judgements (Yin, 2002). Achieving construct validity in any research that applies 
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qualitative methods is quite challenging. As the definition suggests, there should be a 

strong correlation between the operational measures used to collect data and the 

study’s specified constructs. This research focuses on the following key constructs: 

dependencies, coordination mechanisms and strategies, coordination effectiveness 

and coordination challenges. We have developed a well-defined interview protocol that 

has been reviewed by the experts (i.e. members of AUTEC) and has been used 

throughout the data collection. Following the recommendation of (Yin, 2018) and (Dubé 

& Paré, 2003), we have used multiple sources of evidence to achieve data triangulation 

and established a chain of evidence using a predefined research protocol. Finally, the 

draft reports of the study have been reviewed by representatives of the participants. To 

maintain a ‘chain of evidence’, we have followed the case study protocol presented in 

Chapter 3 and asked the participants to review the case descriptions. Taken together, 

these measures have reduced the construct validity concerns by establishing a chain 

between the theoretical constructs of interest with the data collected from multiple 

sources. 

Internal Validity 

Internal validity primarily concerns causal relationships between the resulting concepts 

(Yin, 2018). This type of causal relationship building is useful for explanatory types of 

studies. For an exploratory case study similar to current research, such causal links are 

not a key focus. However, our preliminary model portrays assumed causal 

relationships between the concepts, dependencies, coordination mechanisms and 

coordination effectiveness. An additional layer to causal relations is identified while 

developing the framework of analysis. The framework shows probable relationships 

between key dependencies and dependencies, which further have an impact on 

coordination effectiveness. Since the framework has been developed based on 

preliminary data analysis, it addresses the internal validity concerns. Likewise, we have 

investigated the interview transcripts, filed notes and observational data to identify 

evidence to confirm the causal link among those concepts. 
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External Validity 

External validity emphasises the generalizability of the research findings to a broader 

community. While doing multiple-case study research, Yin (2018) suggested that 

replication logic can be applied to avoid such validity threats. As mentioned in the 

design section (Chapter 3, section 3.2), cases have been selected based on specific 

criteria that will support replication. While performing the cross-case analysis, the 

researcher explicitly searched for cross-case patterns matching the within-case 

findings. These patterns support the generalisation of the case findings. However, 

generalizing any research outcome for all scenarios is challenging. The researcher has 

explained the outcomes with relevant examples that might be helpful for readers to 

understand their applicability in similar contexts. 

Reliability 

Reliability is concerned with the repetition of the same process by different researchers 

to generate similar outputs (Dubé & Paré, 2003). The primary intention behind reliability 

is to ensure that the data sources are correct and free from researcher bias. One of the 

requirements for allowing others to repeat the same process is by documenting the 

data collection process. Yin (2018) recommended the use of a defined case study 

protocol and maintaining a case study database to ensure reliability. In this study, we 

have developed and followed a case study protocol that has been well-discussed in the 

data collection section. For maintaining the case study database, an electronic file-

based database has been used to store all relevant data and artefacts. Each case data 

are organised in separate folders and each folder is named using a unique case 

identification code to help data management. While reporting the findings, we have 

used both direct and indirect references from the case data to present the logical chain 

of evidence (Benbasat et al., 1987). We believe that it will help the reader to judge the 

reliability of the information. 
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Table 8.3: Attributes used for Methodological Rigor in this research adapted from Dubé & Paré 

Attribute Purpose Application in this study 

Research Design 
Clear research 
question 

• Links the study’s theoretical 
and practical contributions 

• Addresses reliability concerns 
(Miles & Huberman, 
1994b) 

• A key research question is formed, with three 
supporting questions  

A priori 
specification of 
constructs 

• Shapes the initial research 
design showing constructs of 
interest 

• A preliminary model of coordination is 
developed grounded on relevant literatures and 
researcher’s professional experience 

Clean theoretical 
slate 

• Reduce research bias while 
analysis 

• Limits researcher’s 
interference on limiting the 
findings 

• The conceptual model does not detail the 
concepts and relationships as priori. Only 
guides to form a high-level specification 

• A framework of analysis is further formed 
combined with initial data analysis that serves 
as data analysis framework 

Multiple-case 
design 

• Produce robust and more 
generalised results than single 
case 

• Enable cross-examination of 
case results to maximise 
theoretical coverage 

• Two similar cases are selected satisfying the 
selection criteria. 

Replication logic 
in multiple-case 
design 

• Case selection based on 
substantive significance or 
theoretical relevance 

• Addresses external validity 
concerns (Yin, 2002) 

• Both the cases are selected to provide literal 
replication 

Unit of analysis • Define a clear boundary within 
the case 

• Guide the data collection and 
applicability of theoretical 
contributions 

• The Unit of analysis is the coordination process 
in DASD  

• Developed theory is applicable for coordination 
in DASD 

Context of the 
case study 

• Describe the contextual 
elements in which the research 
was conducted  

• Enhance the credibility  

• Project contexts are clearly described for each 
case 

• Cross-case analysis based on contextual 
analysis outcomes 

Data Collection 
Elucidation of the 
data collection 
process 

• Elucidate the data collection 
process including  
o what data has been 

collected 
o how those data are 

collected 
o what sources are used 

and why 
o how collected data 

contributes to the findings 
• Enhance reliability and validity 

(Benbasat et al., 1987) 

• Data collection section of this chapter 
elaborates the data collection process by 
depicting the types of data collected, their 
sources, and how we have preserved the chain 
of evidence 

Multiple data 
collection 
methods 

• Collect evidence from multiple 
sources to provide rich insight 
of the investigating 
phenomenon  

• Ensure construct validity (Yin, 
2002) 

• Data collected from multiple sources, such as 
individual participant interview, participants 
observations, field notes taken by multiple 
person, photographs 

Data triangulation • Converge evidence from • Data triangulation is performed in two ways:  
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multiple data sources to 
strengthen research outcomes 

• Enhance construct validity 
(Yin, 2002)  

o Data collected from multiple person of 
different roles  

o Data collected from multiple data sources 
• Findings are verified from multiple source of 

evidence whenever possible 
Case study 
protocol 

• Documenting details of the 
research procedures 

• Ensure the research process 
can be repeated by other 
investigators and reach to 
similar conclusion 

• Enhance research validity and 
reliability (Yin, 2002) 

• A clear case study protocol has been 
developed including all the required 
instruments (see appendix for list of study 
instruments) 

Case study 
database 

• Organise and manage study 
documents  

• Enhance research reliability 
(Yin, 2002) 

• A Cloud-based electronic case study database 
is maintained to store each case documents for 
ease of use 

Data Analysis 
Elucidation of 
data analysis 
process 

• Demonstrate how the final 
outcomes are drawn from the 
data 

• Enhance reliability and reduce 
researcher bias 

• Details of the data analysis process is 
discussed in Data analysis section (section 
3.6) 

Field notes • Supporting evidence for other 
data collection methods 

• Notes have been taken by two interviewers 
during the interview and observation sessions.  

Coding and 
reliability check 

• Demonstrate how the final 
outcomes are drawn from the 
data 

• Enhance reliability and reduce 
researcher bias 

• Content Analysis techniques are followed 
(Braun & Clarke, 2006; Fereday & 
Muir-Cochrane, 2006b) 

• Codes are verified by another research team 
member for validity 

Data displays • Demonstrate how the final 
outcomes are drawn from the 
data 

• Enhance reliability  

• Tabular presentation of key findings 
accompanying the data source 

Logical chain of 
evidence 

• Demonstrate how the final 
outcomes are drawn from the 
data 

• Enhance reliability and 
construct validity (Yin, 2002) 

• Each participant is titled with a code while 
transcribing, codes are used to present their 
links to the findings  

• Documents are stored in a case database 
including case details, and participant codes.  

Explanation 
building 

• Demonstrate how data are 
interpreted to textually explain 
the phenomenon 

• Delay diagrams, Social Network analysis is 
used to explain the criticality of the 
dependencies. 

Searching for 
cross-case 
patterns 

• Look for similarities and 
differences between cases 
using categories and 
dimensions  

• Each within-case finding are used to perform 
cross-case analysis and search for patterns to 
develop high-level themes 

Quotes 
(evidence) 

• Supporting evidence to 
develop theoretical concepts 
and show their relationships 

• Direct and indirect quotes are used to present 
case findings, that act as a chain of evidence 
to the theory 

Comparison with 
extant literature 

• Strengthen study findings by 
showing supportive or 
contradictory literatures 

• Existing literatures are used to support the 
findings and theory development  

Additionally, this study adopted the attributes from Dubé & Paré (2003) to achieve 

methodological rigor (as discussed in Chapter 3) and how the attributes were applied in 
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this study presented in Table 8.3. The attributes covered the criteria for evaluating rigor 

and relevance in this research design, data collection and data analysis process. 

A multiple case study design was selected to produce a robust and more generalised 

result. However, the primary intention of this research was not to generalise the 

findings but rather to develop a clear and in-depth understanding of coordination to 

develop theoretical insights. Two literal replicated case projects were selected to 

address the external validity concerns (Yin, 2002). The contextual elements of each 

case were described before presenting the analysis outcomes to enhance credibility. A 

clearly defined unit of analysis provided a boundary within the case that further guided 

the data collection and analysis. As described in Chapter 3, multiple data sources were 

utilised to achieve data triangulation and findings were verified from considerable data 

evidence to enhance the construct validity. The predefined case study protocol with 

ethically approved instruments provided a well-structured guideline for improved 

repeatability of the research activities, thus strengthening the validity and reliability of 

this research. Finally, multiple content analysis techniques (i.e. activity analysis and 

coordination analysis) were applied using the activity-based framework (Korpela et al., 

2002) and a priori-developed coordination analysis framework, respectively. The 

analytic framework, data analysis process, findings and interpretations were presented 

separately to demonstrate how the outcomes were drawn, creating a logical chain of 

evidence to contribute to the reliability and construct validity (Yin, 2002). 

In summary, this research followed well-established guidelines to ensure the quality of 

the outcomes. Besides, this study maintained a clear chain of evidence to help the 

readers in following the data analysis and interpretation process. All the research 

questions are being answered based on the study findings and discussed to indicate 

this study’s contributions grounded on the literature review. Finally, an evaluation of the 

research is presented to establish methodological and interpretive rigor achieved in this 

study.  
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Table 8.4: Summary of the criteria used for evaluating the quality of the research findings 

Criteria Considerations Application in this research 
Authenticity To what extent the 

findings and 
interpretations are 
presented, including 
participants’ views, 
range of voices and 
perspectives 
(including dissenting 
views) 

Participants’ own voices and views were interspersed, either 
verbatim or partial, throughout the textual description 
 
Avoided unnecessary explanations or interpretation of 
participant’s actions while describing the findings; instead, 
emphasised interpreting the motives of the actions to correlate 
with the purpose of coordination 
 
Obtained first-hand information from all the participants in 
person using semi-structured interviews and direct observation 
 
Gained familiarity with the participants’ day-to-day activity 
while taking interviews and other forms of data collection to 
develop  
 
Total of 17 face-to-face interviews were conducted, and ten 
coordination meetings were observed in the two cases 

Coherence To what extent the 
presentation of 
findings and 
interpretations are 
plausible (i.e., fits the 
raw data and verified 
from multiple 
sources) 

Data analysis followed a well-defined and elucidated process 
for reliability (discussed in Chapter 3) 
 
Maintain the chain of evidence by following (Yin, 2018) for 
construct validity 
 
Direct and indirect references were used from the case data to 
present the logical chain of evidence 
 
Activity analysis followed the activity theory-based framework 
(Korpela et al., 2002) (discussed in Chapter 3) 
 
Developed and applied a framework, supported by extant 
literature and preliminary data analysis, for analysing the 
coordination process (discussed in Chapter 3) 
 
Methodological rigor is achieved by adapting the guidelines 
(Dubé & Paré, 2003) (discussed in Chapter 3) 
 
Used diagrams, tables, figures and other schematics for a 
better visual representation of the context and concepts 
 
Findings and their interpretations were presented separately to 
remove the researcher’s interpretation bias 
 
Developed a comprehensive understanding of coordination in 
the DASD project, informed by context and content 

Reciprocity To what extent are 
the participants 
involved in the data 
analysis, findings and 
interpretations 
 

All the interview participants reviewed case statements 
 
Initial data findings were shared with the case representatives  
 
Pigeon case organisation approved recommendations, and 
immediate changes were made to resolve the coordination 
issue 
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Typicality To what extent the 
claims of this 
research are 
generalisable to other 
bodies of knowledge, 
populations, or 
contexts/settings 

Multiple case study designs for robust and generalisable 
outcomes. 
 
Performed within-case analysis for both case projects, 
followed by cross-case comparison for generalizability 
 
Key research findings were evaluated using the up-to-date 
body of knowledge and agile community for broader 
acceptability 
 
Contextual factors were considered during analysis to 
establish the applicability of the findings in similar contexts 
 
Clearly demonstrated the relevance of the analysis to 
contemporary agile practices used for DASD coordination 
 
The generalizability was achieved by generalising the data to 
the conceptual model of coordination by thick description and 
interpretations of the phenomena of interest (A. S. Lee & 
Baskerville, 2003) 

Permeability of 
the 
researcher’s 
intentions, 
engagement, 
interpretations 

To what extent does 
the researcher’s 
perspective (e.g., 
role, preconceptions, 
personal experience) 
contributes to the 
findings and 
interpretations 

A Preliminary model of coordination and coordination 
effectiveness were presented based on the researcher’s 
understanding of existing literature on coordination 
 
A high-level conceptual model was used initially to guide the 
data collection process. However, the final model and 
associated concepts emerged from the case data analysis 
limiting the researcher’s interference 
 
Practical implications were suggested based on the researcher 
and his team’s experience, recommendations from the active 
participation of the agile community in NZ (Agile Meetup) 
 
Whenever needed, the researcher’s perception and 
experience were used to clarify the criticality of the situations 
using mock-up scenarios matching with the DASD process 
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Chapter 9 : Conclusion 

 

“Coming together is a beginning; keeping together is progress; working together is 

success.” — Henry Ford 

The above quotation of Henry Ford best describes the rule for the success of 

coordination. Working together in a way where every person involved knows what is 

going to be built, what to do and when to achieve that goal and can act accordingly. In 

doing so, they need to understand how they depend on others and how to properly 

manage those dependencies to achieve the collective goal by minimising associated 

issues and their impacts. This understanding of coordination has had a profound 

influence on this research.  

This concluding chapter summarises this study by revisiting the objectives of this 

research and how those objectives have been achieved. Following this is a discussion 

highlighting the contributions of this research toward Information System (IS) and 

Software Engineering (SE) literature and practitioners.  The final sections of this 

chapter then acknowledge the limitations of this study leading to future research 

recommendations. 

9.1 Revisiting the Research Objectives 

This thesis was motivated by the relevance of effective coordination in Distributed Agile 

Software Development (DASD). The key objective of this research was to develop a 

deeper understanding of the key concepts of coordination and identify the means of 

coordination that could support effective coordination in DASD projects grounded on 

empirical evidence. Another objective of this study was to address the apparent lack of 

theoretical models of coordination in the DASD context. 

While fulfilling the research objectives, a preliminary coordination model was developed 

based on systematic reviews of the existing literature, which guided further research 
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activities. This study adopted an unconventional approach by mixing the positivist and 

interpretivist paradigms, which, together with the research objectives, influenced the 

selection of the multiple case study research methodology. This study adopted a well-

established case study protocol to direct the research activities, outlining the study 

design, data collection, data analysis, model development, and validation activities. 

Two cases were selected, fulfilling this research's selection criteria, followed by data 

collection from multiple sources to achieve data triangulation. The data analysis 

followed the widely used content analysis technique to create high-level themes. The 

two-phased within-case analysis was conducted using the activity theory-based 

framework and the preliminary framework of analysis developed for this research. A 

cross-case analysis followed this to conceptualise coordination in the DASD context. 

The case studies were conducted sequentially, i.e., the data collection and first rounds 

of data analysis for the first case were completed before continuing to the second case. 

Several instruments were used while conducting the analysis, such as coordination 

theory for diagnosing the dependencies and delay diagrams for analysing dependency 

issues and impacts. The findings of the within-case and cross-case analysis were 

discussed separately, and then the conceptual coordination model was presented. 

While doing so, the research pursued to understand better coordination and its integral 

parts in DASD projects (i.e., the dependency types and their antecedents, dependency 

risks, coordination strategy), how these parts could impact the coordination (i.e., the 

relationship between these key concepts), and how the coordination needs could be 

managed to achieve a well-coordinated state (i.e., coordination effectiveness) which is 

called ‘the success of coordination’. 

Finally, the answers to the research questions were presented based on the analysis 

findings, which were further examined from the literature perspective to outline the 

research contributions. An evaluation of the research design, activities and data 

interpretations was presented to establish the robustness of this study’s design and 

findings. 



Page 427 

9.2 Contributions to Knowledge 

This research has made several novel contributions to the IS literature covering the 

substantive and conceptual domains of Brinberg and McGrath’s validation schema 

(Brinberg & McGrath, 1983).   

The substantive domain includes the substance of the deliverables that this research 

has produced, such as insights, methodologies, and artefacts. The literature review 

established that there is a lack of knowledge in understanding the coordination process 

in the DASD context. In response, this research has addressed this gap by exploring 

and summarising the coordination process of two distributed agile software 

development projects in their natural settings. This understanding of coordination 

encompasses an understanding of the types of dependencies that are found within the 

process, including the factors and risks associated with them (answered by RQ1.1), 

what coordination strategy can be used to manage the dependencies effectively 

(answered by RQ1.2 and RQ1.3) and the challenges and their cofounding factors 

(answered by RQ1.4).  

This study has explored the coordination activities for three different dimensions of 

distribution that may present in DASD projects. This study also identified four distinct 

forms of relationships that influence the characteristics of the dependencies and their 

coordination strategies. The study findings highlighted that while achieving effective 

coordination in DASD, a mix of coordination mechanisms, both agile and non-agile 

activities and artefacts supported by various tools and structures, must be carefully 

selected to form a coordination strategy. This result endorses the findings of the extant 

literature (D. E. Strode et al., 2012; Xu & Cao, 2006), which is further extended to fit the 

DASD project characteristics. 

One of the contributions to the IS research is that this work extended Espinosa et al.’s 

(Espinosa, Lerch, et al., 2002) work to address agile contexts. The conceptualisation 

and framework of coordination presented in their work focused only on the globally 

distributed software development context, which did not include agile practices and 
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their contributions to effective coordination. This study identified that several agile 

values and practices support effective coordination in the DASD context.  

Additionally, this study extends Strode and her colleagues’ work (D. Strode, 2012; D. E. 

Strode et al., 2011), focusing on co-located agile teams, to the distributed agile context. 

While doing so, this research has revisited the notion of dependency taxonomy and 

proposed a revised version applicable to DASD projects. This new taxonomy version 

includes task knowledge dependency, which is not present in the existing dependency 

taxonomy of agile software development. Additionally, the concept of coordination 

effectiveness, initially proposed by Strode et al. (2011) for agile SD projects, is being 

extended to accommodate additional implicit components applicable to DASD projects. 

The coordination model of this research complements Strode et al.’s (2011) 

coordination effectiveness concept, which states that both explicit and implicit 

components are essential for achieving effective coordination. However, this study 

underlines that the implicit components play a more vital role than the explicit 

components in achieving coordination effectiveness in DASD. This model also 

contributes to addressing the limitations of Strode et al.’s model by extending the 

applicability of their model in distributed teams. 

Another substantive domain contribution of this study is the articulation of the primary 

selection criteria to form an effective coordination strategy. There is no process or 

guidelines found in the extant literature on achieving effective coordination (Moe et al., 

2010; D. E. Strode et al., 2012; Yu & Petter, 2014), particularly in DASD projects. This 

study proposes the dependency risk concept, which strongly influences the 

coordination effectiveness of DASD projects. This study draws the relationship 

between dependency risk and coordination effectiveness and proposes that this 

relationship has the potential to guide the formation of effective coordination strategies 

for DASD projects. This relationship could be simplified as the coordination 

effectiveness will be higher for a particular dependency if the coordination mechanisms 

applied effectively reduce or eliminate the dependency risks associated with that 
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dependency. We used this business rule to evaluate the coordination effectiveness for 

both projects discussed in the preceding chapters. This relationship and the criteria for 

evaluating coordination effectiveness is an important contribution to this research. 

Since Strode’s model of coordination effectiveness was incomplete in defining such a 

relationship, it was important to draw the connection to support evaluating the 

effectiveness of the coordination. 

The conceptual domain contributions include interpreting the observations in the form 

of concepts, novel patterns, frameworks, abstraction and theories. This study presents 

a conceptual model of coordination for DASD based on empirical evidence from two 

case studies. The model integrates relevant theories from core research streams such 

as coordination and distributed agile software development to provide a deeper 

understanding of dependencies and measures for effective coordination. The model 

has profiled three distinct concepts: dependency, coordination strategy and 

effectiveness. However, there are distinct differences in each of the components that 

are specifically applicable to the DASD projects, as discussed in Chapter 7.  

Additionally, this model profiled the dependency risk dimension that has not been 

articulated in the DASD coordination research as far as our knowledge is concerned. 

This research delineated that there are two distinct types of dependency risks, delay 

and poor quality, linked to the key dependencies that strongly influence effective 

coordination in DASD projects. Notably, this finding may differ in other project contexts. 

However, the results offer a basic understanding of the dependency risks and their 

causes associated with each dependency category that may be anticipated in similar 

contexts. 

Another conceptual domain contribution is the framework of analysis developed in this 

research, as discussed in Chapter 3, to support the analysis of the coordination 

process in DASD projects. Although the framework was used along with the activity-

based framework (Korpela et al., 2002) in this study, the framework can also be used in 

other coordination research. The framework has the potential to be used as a lens for 
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analysing dependencies and associated risks and coordination mechanisms for 

achieving coordination effectiveness in different distributed settings (i.e., distributed, 

large-scale, or hybrid). 

A final contribution of this conceptual model is that it provides a base for extending this 

model in future work to form a complete theory of coordination in distributed agile 

software development. Besides unique contributions to IS research, this model extends 

the knowledge of coordination that could be valuable for other research fields. For 

example, the inter-and intra-team relationships proposed in this study would be useful 

for teamwork research in both co-located and distributed contexts. Moreover, the 

coordination strategy and coordination effectiveness concepts also contribute to the 

project management fields of research in distributed settings. 

9.3 Contribution to Practice 

This research contributes to the IS practice in various ways. The conceptual model 

proposed in this study could help practitioners to understand the fundamental concepts 

of coordination in DASD projects. One of the primary contributions of this model is the 

categorisation of dependencies that could be of three types: knowledge, activity and 

resources dependency. These high-level dependencies and subtypes could help 

practitioners to identify appropriate coordination strategies to mitigate the associated 

dependency risks. For example, this study identifies that task knowledge dependency, 

a subtype of knowledge dependency that includes a shared understanding of the tasks 

and their executions, such as task interdependence, task priority, task ownership, task 

progress or blockers. Since task knowledge is cognitive and mostly depends on implicit 

coordination mechanisms; therefore, practitioners need to pay close attention while 

selecting an appropriate coordination strategy that supports the development of such 

shared understanding.  

Secondly, the coordination model presented in this study highlights a different form of 

dependency relationships that may exist in different parts of the software development 

process. This study identifies that these dependency relationships significantly 
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influence the dependencies faced and their coordination mechanisms. Having a good 

understanding of the inter-and intra-team, technical and process dependency 

relationships, practitioners could predict the type of dependencies that may occur 

during the software development process and how to manage them effectively to 

mitigate the dependency risks.  

Thirdly, the dependency risks concept outlines different types of vulnerabilities and 

associated risks due to unmanaged dependencies in DASD projects. The practitioners 

could use the model to understand these dependency risks and their impacts related to 

the criticality and importance of the dependency. Additionally, this research presents a 

prescription of coordination mechanisms for alleviating dependency risks in achieving 

coordination effectiveness. It serves as a repertoire of mechanisms for improving 

coordination performance. 

Another contribution of this research is that it conceptualises the coordination strategy 

that acts as a guideline in the coordination strategy formation process. Practitioners 

could choose from the two modes of coordination activities, including agile and non-

agile practices. In terms of agile method adoption, both Scrum and XP practices are 

most commonly used in DASD projects, but there is no hard-and-fast rule in this 

adoption, and practitioners can adopt any agile method depending on their needs. 

While coordinating with distributed parties, the coordination activities rely on 

technology-mediated communication, such as voice or video conference calls, for 

conducting meetings and knowledge exchange. In practice, DASD project members 

could select the communication mode and channel depending on the need; however, 

this study identifies that video conference calls perform better than voice conference 

calls as participants can see each other and get their physical expressions, improving 

their engagement in the meeting.  

In a DASD context, proximity, availability, and substitutability are the three structural 

components that are crucial for team-level coordination. This research suggests that 

agile practices create opportunities for frequent communication and synchronisation 
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between co-located team members, which improves proximity. Nonetheless, availability 

and proximity are a concern for distributed members. This research identifies that 

interpersonal relationships and additional efforts are imperative to enhance continuous 

availability and feelings of proximity between the team members. This research also 

identifies that achieving substitutability at the team level is equally essential for both co-

located and distributed team members; therefore, it should be encouraged and 

practised to improve self-organising behaviour.  

This research proposes that the coordination role is an integral part of the effective 

coordination strategy, particularly while managing the dependencies using boundary-

spanning activities. Though the most popular agile methods, such as Scrum and XP, 

do not mention any specific role for coordination, this research identifies that several 

roles specified in these methods, for example, Scrum Master, Product Owner, or Proxy 

PO, can take the role of coordinator. The coordination role could take care of the 

team’s external communication and negotiations between co-located and distributed 

parties, which could reduce the development teams’ coordination burdens. 

Another finding with implications for practice relates to managing coordination between 

highly interdependent distributed teams. The lack of appropriate mechanisms for 

dependency identification and negotiation is one of the coordination issues that are not 

adequately supported by agile practices (Bick et al., 2017). Therefore, practitioners 

could adopt a hybrid approach combining traditional practices for joint release planning 

and dependency negotiation at the inter-team level and agile methods for coordinating 

team-level dependency coordination. A hybrid coordination approach not only 

facilitates control between the distributed parties but also provides flexibility in adopting 

changing requirements and Adhoc decision-making.  

This study indicates that a mismatch between the development and testing cycles is 

associated with dependency risks. Practitioners are advised to use Test-Driven-

Development (TDD) approach to align better the activities related to these two cycles. 

A smaller iteration cycle, including the development-testing-QA activities, will also be 
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effective in reducing inefficient work cycles and bug occurrences. This would also 

provide a better-quality work output and team and customer satisfaction. 

Another significant contribution from this research is the understanding of coordination 

challenges associated with DASD projects. The study identified specific coordination 

challenges to contextual, organisational, and technical issues. Paying close attention to 

understanding these challenges could help practitioners identify their causes and adopt 

appropriate strategies to address them.  

9.4 Limitations and Future Research 

The limitations of this study are similar to those common to qualitative case studies, 

and some are unique to this study. A common limitation of qualitative case studies is 

the lack of generalisability (Yin, 2018), which is valid for this multiple case study 

research. One of the main reasons is that the selection of the cases was convenient 

based on geographic proximity (New Zealand) rather than a random sampling of the 

case and participants. However, the two cases were selected to meet the specific 

criteria and to contribute to the concept definition and relationship building (Eisenhardt 

& Graebner, 2007). The cases were selected based on literal replication to achieve 

similar results that will contribute to preliminary understanding (Eisenhardt, 1989), as 

well as generalisability, to some extent. Therefore, though the findings of this study 

cannot be generalised to all kinds of DASD, they provide evidence and contribute to 

developing a clear and deeper understanding of the complex nature of coordination in 

DASD projects.  Although the concepts and relationships of the coordination model are 

tentative and need to be verified to provide statistical generalisability, this study 

followed well-established guidelines to meet the rigor and relevance of case study 

research (discussed in Chapter 7). Moreover, the findings of this study are drawn from 

both the case evidence and empirical literature on coordination. Therefore, this 

research addresses the validity and reliability concerns of the findings.  

Other limitations peculiar to this research are the case selection, data collection and 

analysis and concept development phases. The cases of this study are selected based 
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on the criteria discussed in Chapter 3 to meet the literal replication requirements; 

however, it is difficult to find cases that are exactly similar to each other. Since each 

project is different in nature and varies depending on the organisation, it is critical to 

achieve pure replication. There might be other organisations and DASD projects that 

best match the selection criteria, but it is difficult to pursue and convince them to 

participate in the research.  

In terms of data collection, the primary limitation is that the number of participants was 

small and did not involve participants from different teams. Including a large number of 

participants from different teams might have contributed to understanding other 

aspects of coordination, which would have further strengthened the study findings. 

Moreover, collecting data from the end users, customers or other stakeholders was not 

possible, which might have provided different perspectives of coordination. Another 

limitation was capturing the data within a short time. As the interviews were conducted 

at a specific time of the project, the study might not have captured some dependencies 

that might have occurred in the past due to participants’ inability to recall past events.  

While considering the limitations in the data analysis, the interpretivist paradigm is 

always susceptible to researcher bias. Since qualitative data provides richer and more 

readily available details that could lead to misinterpretations. Moreover, while 

observations provide informative evidence, it is difficult to gather a large amount of data 

through observation as it takes longer and more difficult to organise them. However, 

this study observed twelve different sessions to collect substantive evidence of the 

investigating phenomenon. Another limitation of the data analysis involves the 

verification of thematic coding. The validity of coding could have been enhanced by 

having a third person not directly involved in the research review the process. 

However, the coding process was validated by one of the supervisors who repeated 

the process which was further reviewed by the second supervisor. 
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9.4.1 Future Research 

There are limitations concerning the conceptual model presented in this research. 

Although the dependency relationships and their impacts are drawn based on the 

evidence of the case data, they may not be applicable to other project contexts. 

Furthermore, there may have been other situational factors in the process not revealed 

in the data.  Additionally, the dependency risk concept and its association with the 

coordination effectiveness concept were not common in both cases. Therefore, further 

investigation is called for to validate these concepts of the model. The relationship 

between the coordination strategy and coordination effectiveness is grounded on the 

empirical literature and case evidence, which address the validity concerns of this 

relationship. However, the conceptualisation is derived from a small amount of data 

which needs to be validated with large amounts of data from similar case studies. 

In addition, the model of coordination of this study considers proximity as a structural 

mechanism essential for improving DASD coordination. Though achieving close 

proximity in a distributed context is problematic (Conchuir et al., 2009; D. Strode, 

2012), it could be beneficial if a certain level of spatial and temporal proximity could be 

achieved. However, this research provides little guidance on achieving that level of 

proximity, which could be a potential area of investigation in future work on DASD 

coordination.  

This study proposes that the better the coordination mechanisms mitigate the 

dependency risks, the higher the coordination effectiveness is. However, this research 

could not provide any quantitative criteria for measuring how well the dependency risks 

are mitigated by the coordination mechanisms. Another possibility is that there might 

be multiple combinations of coordination mechanisms to avail the same level of 

coordination effectiveness, but this research does not provide any conclusive evidence 

on this aspect. Moreover, the coordination strategy formulation process was not 

sufficiently evidenced by the data, instead was developed based on the researcher’s 
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interpretation and understanding of the phenomenon, which requires further 

investigation. 

In future, it would be possible to extend this research to cover large-scale distributed 

software development projects using scaled-agile frameworks. Large-scale DASD is 

gaining popularity in recent years demanding more empirical research, and the model 

of coordination model presented in this research could be used as a basis for that. 

Another useful area of future research would be to apply the proposed analysis 

framework in other research related to coordination and verify the applicability and 

usefulness of the framework. 

Another prospective future research area would be to define, operationalise and 

empirically verify the concepts of coordination effectiveness to test its relation to DASD 

project success. While measuring the coordination effectiveness, the Socio-Technical 

Congruence (STC) concept proposed by Cataldo et al. (2008) could be a possible 

starting point, since the effectiveness of coordination closely related to both social and 

technical aspects. The systematic mapping study by Sierra et al. (2018) presented 

several methods that could be applied in this process. However, since the STC only 

considers task dependencies and their effective coordination, the methods need to be 

revised to include all types of dependencies proposed in this study. Additionally, the 

current body of knowledge has not yet defined DASD project success and its 

relationship to coordination performance; it could be a noteworthy area of contribution 

to the IS and SE research field. 
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Appendix B 
 

B.1 Participant Information Sheet 

Date Information Sheet Produced: 10 April 2018 

Project Title: Understanding Coordination in Distributed Agile Software Development 

Research Introduction 

An Invitation 

My name is A B M Nurul Afser Talukder and I am a doctoral student in School of 
Engineering, Computer and Mathematical Sciences at Auckland University of 
Technology, under the supervision of Dr Mali Senapathi and Jim Buchan. I am 
conducting research investigating coordination process within the distributed agile 
software development teams. 

Please note that your participation in this research is voluntary in nature, and you may 
decline or withdraw your participation without any adverse consequences.  None of the 
participants are identified nor will the information gathered be used to hamper, hinder 
or harm your career. 

The following questions and answers are intended to address the most common 
questions that the participant may ask about this particular research project. If you 
need further information, feel free to contact the researcher, Jennifer Yang. My contact 
details can be found at the end of this document. It is recommended that you use e-
mail to reach me. 

Project Description and invitation 

This research aims to understand the current state of coordination practices for 
Distributed Agile Software Development (DASD) teams, to gain some insights into the 
activities, strategies, expectation and. This will result in a clearer picture of practices 
and roles regarding coordination and recommendations to address any gaps and 
challenges, and assisting practitioners with decision making and providing a structure 
for further research in this area. 

I would like to invite you to participate in my research into the area of coordination in 
Distributed Agile Software development. Please note that your participation in this 
research is voluntary in nature, and you may decline or withdraw your participation 
without any adverse consequences.  None of the participants is identified nor will the 
information gathered be used to hamper, hinder or harm your career. 

How was I identified and why am I being invited to participate in this research? 

You have been identified from the research Supervisor’s personal network of industry 
practitioners as someone with expertise in the area of team-based distributed agile 
software development. 

How do I agree to participate in this research? 

To follow up on this invitation to participate in this research, please confirm your 
acceptance by email. You will also reconfirm your consent to participate in the interview 
formally by signing the Participant’s Consent Form which we will give you just prior to 
your interview. 
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Your participation in this research is voluntary (it is your choice) and whether or not you 
choose to participate will neither advantage nor disadvantage you. You are able to 
withdraw from the study at any time. If you choose to withdraw from the study, then you 
will be offered the choice between having any data that is identifiable as belonging to 
you removed or allowing it to continue to be used. However, once the findings have 
been produced, removal of your data may not be possible. 

What will happen in this research? 

If you accept this invitation to participate, you will be interviewed by the researcher. 
This will be a loosely structured interview where you will be asked some open-ended 
questions related to your project, your role in that project and your experience of 
coordination practices in within your team and other distributed teams, as well as 
challenges you have encountered. The researcher will participate some of the events 
of day-to-day coordination activities where you might be present and during this period, 
the researcher will observe and take notes according to the points of research interest. 

The interviews will be held at your usual work place(s) or any neutral place if 
requested. The researcher will take some notes for later analysis and also record the 
interview as a memory aid. The analysis will involve coding the data to identify trends 
and themes that provide insights to practitioners’ perceptions of Distributed Agile team 
composition and leadership. Note that it is anticipated that the recording of the 
interview will not be transcribed in full, but quotes may be extracted as evidence of 
patterns identified. The data will have all references to the organisation and individuals 
removed for analysis. 

At the end of this research a report summarising the main results will be made 
available to you if requested on the Consent Form. Furthermore, it is expected that 
papers may be published in academic journals reporting the main conceptual findings 
of this research project. 

What are the discomforts and risks? 

During the interview sessions, there is a possibility you may feel uncomfortable about 
sharing your point of view about the project operations. 

Additionally, during the observation sessions, you may feel uncomfortable and unwilling 
to share any information related to business and work process secret or share your 
personal feelings in front of other participants.   

You may feel uncomfortable that your line manager will know who is participating in the 
study and who has elected not to take up the invitation, and that this could affect their 
perception of you, and future prospects. 

You may feel uncomfortable about having your interview recorded. 

You may feel uncomfortable that your colleagues or line managers may overhear what 
you say during the interview, and that this could negatively affect their perception of 
you. 

How will these discomforts and risks be alleviated? 

In order to alleviate the first area of possible discomfort, you will be reminded of our 
assurance of confidentiality of all interview data at the start of the interview process. 
You may choose not to answer specific questions, and you can also withdraw from 
participating in the interview at any stage.  You can also request that your interview 
data be withdrawn from the study before the completion of data collection.  
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The second possible area of discomfort will be addressed by stressing the voluntary 
nature of participation to both you and your company. We understand the time 
pressures faced by you as an employee, and recognise that it is not always feasible or 
practical to participate in such studies. While your line manager will know you have 
been approached, participation or non-participation will not be specifically recorded or 
communicated apart from the need to organise a specific time and date for your 
interview. During the observation sessions, the research will respect the company and 
its member’s privacy and will be ready to leave the meeting place or the location site at 
any time if asked by the participants. 

Recording of the interview is not a prerequisite of conducting the interview. Before the 
interview begins you will be asked for permission to record the interview. Even if 
consent to record is provided, you will be reminded that you can request that the 
recording be stopped or wiped at any stage of the interview. 

A soundproof room will be requested for the interviews at the company premises, or, at 
your request, the interview will be conducted at a neutral place away from work. This 
obviates the risk of being overhead. 

What are the benefits? 

As well as adding to the body of knowledge and influencing practice in this general 
area, the insights gained from this study will be made available to yourself and your 
colleagues and it is hoped that the knowledge gained will be useful for improving the 
practice in your organization. 

How will my privacy be protected? 

All of the materials related to the participants’ information (consent form, tape, and 
interview notes) will be stored at AUT in a locked cupboard for at least 6 years. After 
that the material will be destroyed. 

It is not anticipated that a transcriber will be involved transcribing the recorded 
interview. The researcher may transcribe small parts of the recorded material to use as 
exemplars and evidence of trends and claims resulting from the analysis. 

The data from the interviews will be anonymised and analysed for principles and 
insights that are independent of the interviewee’s identity. Furthermore, demographic 
data will be coded, and the data stored in a separate place so that the identity of each 
participant will be separated from their responses.  

If participants decide to withdraw from this research project for any reason before the 
completion of data collection, all of the materials relating to their interview will be 
destroyed as soon as practicable after their request. 

In addition, your line manager will not hear or see the content of this research data. 
The only people who will have access to your data will be the researcher and the 
researcher’s supervisors. 

What are the costs of participating in this research? 

Time is the only cost to you. The interview will take around one hour of your time. 

What opportunity do I have to consider this invitation? 

Due to time restrictions in undertaking the fieldwork for the research, we would ideally 
like to have notice of your agreement within a week of you receiving this invitation. 

Will I receive feedback on the results of this research? 
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If you would like a report summarising the results of this research, please tick the 
appropriate box on the Consent Form, provided at the interview. 

What do I do if I have concerns about this research?  

Any concerns regarding the nature of this project should be notified in the first instance 
to the Research Supervisor, Mali Senapathi; mali.senapathi@aut.ac.nz; 09 921 9999 
ext. 5213. 

Concerns regarding the conduct of the research should be notified to the Executive 
Secretary of AUTEC, Kate O’Connor, ethics@aut.ac.nz , 09 921 9999 ext. 6038. 

Whom do I contact for further information about this research? 

Please keep this Information Sheet and a copy of the Consent Form for your future 
reference. You are also able to contact the research team as follows: 

Researcher Contact Details: 

A B M Nurul Afser Talukder 

Software Engineering Research Lab (SERL) 

School of Engineering, Computer and Mathematical Sciences 

Auckland University of Technology 

Private Bag 92006 

Auckland 1142 

New Zealand 

Phone: + 64 9 921 9999 x 6376 

Email: a.talukder@aut.ac.nz  

 

Project Supervisor Contact Details: 

Mali Senapathi 

Senior Lecturer / Programme Leader, Master of Service-Oriented Computing 

School of Engineering, Computer and Mathematical Sciences 

Auckland University of Technology 

Private Bag 92006 

Auckland 1142 

New Zealand 

Phone: + 64 9 921 9999 x 5213 

Email: mali.senapathi@aut.ac.nz 
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B.2 Consent Form – Individual Participant 

Project title: Understanding coordination in Distributed Agile Software 
Development teams 

Project Supervisor: Mali Senapathi 

Researcher: A B M Nurul Afser Talukder 

 

 I have read and understood the information provided about this research project 
in the Information Sheet dated 10 April 2018. 

 I have had an opportunity to ask questions and to have them answered. 

 I understand that notes will be taken during the interviews and that they will also 
be audio-taped and transcribed. 

 I understand that I may withdraw myself or any information that I have provided 
for this project at any time prior to completion of data collection, without being 
disadvantaged in any way. 

 If I withdraw, I understand that all relevant information including tapes and 
transcripts, or parts thereof, will be destroyed. 

 I agree to take part in this research. 

 I wish to receive a summary of the research findings (please tick one):  

Yes  No  

 

 

Participant Signature: 

.....................................................………………………………………………………… 

 

Participant Name: 

.....................................................………………………………………………………… 

Participant Contact Details (if appropriate): 

……………………………………………………………………………………….. 

……………………………………………………………………………………….. 

……………………………………………………………………………………….. 

……………………………………………………………………………………….. 

Date: 
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B.3 Consent Form – Organisation 

Project title: Understanding coordination in Distributed Agile Software 
Development teams 

Project Supervisor: Mali Senapathi 

Researcher: A B M Nurul Afser Talukder 

 

I have read the Participant Information Sheet and I have had the details of the study 

explained to me. My questions have been answered to my satisfaction and I 

understand that I can ask further questions at any time. 

 

For the person who has authority to make such a decision 

 I agree to allow the researcher to carry out his research in the following 
organisation. 

 Name of Organisation __________________________________________ 

I have had an opportunity to ask questions and to have them answered. 

 I agree that all people involved in the project nominated for this study can 
choose to participate without coercion. 

 

 

Name: .....................................................…………………………………………………… 

Signature ....................................................………………………………………………… 

Role ……………………………………………………………………………………………… 

Date ………………………………………………… 
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B.4 Interview Protocol (Team member) 

 

Project title: Understanding coordination in Distributed Agile 
Software Development teams 

Project Supervisor: Mali Senapathi 

Researcher: A B M Nurul Afser Talukder 

 

 

This protocol is designed to take interviews with any particular team member from local 
or distributed site 
 

 

1. Collect the questionnaire on software development practices 

2. Background information 

• What is your Name? 

• What is your role in this project? 

• How many years of IT experience do you have? 

• What is your educational background? 

• What is your previous experience with agile development? 

• How much prior working experience did you have with your local peers on 

this work? 

• How much prior working experience did you have with distributed site peers 

on this work? 

3. Briefly describe the project 

• What portion of this work was/is done across sites (relative to co-located)? 

• What are the main resources (products/partial products/artifacts) used? 

• How work is allocated among team members both locally and distributed 

sites? 

4. Dependency 

• What are some typical dependencies in this project? 

• Whom did you need to communicate to do your work (a) locally and (b) at 

distributed sites? 

- Are you aware of their expertise, their availability to fulfil the 

dependency? 

- Does this awareness affect the overall coordination process? 
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• What types of information/knowledge do you need to exchange with them 

(a) locally and (b) at distributed sites? 

• What are the roles  

• What meetings including agile meetings are used to coordinate those 

dependencies? 

• What technologies are used to coordinate those dependencies? 

5. Challenges 

• What do you think makes this project a well-coordinated project? 

- Can you provide an example from this project? 

• What are the challenges did you face while communicating or exchanging 

information/knowledge (a) locally and (b) at distributed sites? 

- Types of problems, sources of problem, reasons for occurrence 

• How are these problems addressed, or how could they be addressed 

effectively (a) locally and (b) at distributed sites? 

• What practices/activities, agile or not, do you think are particularly useful for 

coordinating both locally and distributed sites? 

- Aim for explicit examples/evidence 

6. Recommendation 

• What one thing would you change to make coordination better? 

- Any practice, technology, or activity? 

• Anything else to add? 
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B.5 Interview Protocol (Project Manager / Team Leader) 

 

Project title: Understanding coordination in Distributed Agile 
Software Development teams 

Project Supervisor: Mali Senapathi 

Researcher: A B M Nurul Afser Talukder 

 

 

This protocol is designed to take interviews with project manager/team leader 
 

 

1. Collect the questionnaire on project profile and software development practices 

2. Background information 

• What is your Name? 

• What is your role in this project? 

• How many years of IT experience do you have? 

• What is your educational background? 

• What are your previous experience with agile development? 

3. Briefly describe the project. 

• Purpose 

• History 

• Completion status 

• How it is structured (team members and their roles) 

• How many members are collocated and how many members are 

distributed? 

• Length of time working together 

• How much expert in using agile methods?  

• What are the methods that has already been used? For example, Scrum, 

Kanban or Hybrid. 

• How/why, did you tailor agile methods? 

4. Project profile and process 

• Review questionnaire of project profile details and list agile practices here 

• Overall project process (initiation to conclusion) 

- Consider the iteration length and work activities 

- Consider the daily work activities 

- Any other activities? 
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• Who is involved (stakeholders)? 

• What portion of this work was/is done across sites (relative to co-located)? 

• What are the main resources (products/partial products/artifacts) used? 

• How work is allocated among team members both locally and distributed 

sites?  

5. Dependency 

• What are some typical dependencies in this project? 

• Whom did you need to communicate to do your work (a) locally and (b) at 

distributed sites? 

- Are you aware of their expertise, their availability to fulfil the 

dependency? 

- Does this awareness affect the overall coordination process? 

• What types of information/knowledge do you need to exchange with them 

(a) locally and (b) at distributed sites? 

• What are the roles  

• What meetings including agile meetings are used to coordinate those 

dependencies? 

• What technologies are used to coordinate those dependencies? 

6. Challenges 

• What do you think makes this project a well-coordinated project? 

- Can you provide an example from this project? 

• What are the challenges did you face while communicating or exchanging 

information/knowledge (a) locally and (b) at distributed sites? 

- Types of problems, sources of problem, reasons for occurrence 

• How are these problems addressed, or how could they be addressed 

effectively (a) locally and (b) at distributed sites? 

• What practices/activities, agile or not, do you think are particularly useful for 

coordinating both locally and distributed sites? 

- Aim for explicit examples/evidence 

7. Recommendation 

• What one thing would you change to make coordination better? 

- Any practice, technology, or activity? 

• Anything else to add? 
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Appendix C: Detailed View of the Model of Coordination for DASD projects 
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