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ABSTRACT 
 
 
Background. 
Over the years, agile software development has become increasingly popular in the software industry. 
One of the reasons is that agile development addressed the needs of the organisations better than the 
traditional models, such as the waterfall model. However, the textbook version of agile development 
still leaves something to be desired. This could be learnt by observing the implementation of agile 
methods/frameworks in the industry. The teams often customize agile methods to suit their context-
specific needs. When teams in the industry decide to adopt the agile way of working, they are 
confronted by a choice¾either they have to implement all the agile practices at a time or adopt them 
over the time. The former choice has shown to come with risks and, therefore, was found that 
practitioners generally preferred the latter. However, agile practices are not independent, they have 
dependencies amongst them. A new approach to agile development emerged in the recent years known 
as Agile Maturity Models (AMMs). AMMs claim to offer a better path to agile adoption. In AMMs, 
the practices are typically introduced gradually in a particular order. However, these AMMs are 
multifarious and haven’t been sufficiently evaluated¾especially in the industry practice. Thus, they 
need to be evaluated in order to understand their relevance in the industry.  
 
Objectives. 
The goal is to evaluate the relevance of AMMs in the industry. By finding relevant AMMs, they could 
be used to alleviate the formation of agile teams and contribute toward their smoother functioning. By 
finding those that aren’t, this research could act as a cautionary to those practitioners who could 
potentially implement these AMMs and risk failure. The objectives are: identifying the agile practice 
dependencies in the AMMs; finding the agile practice dependencies in an agile team by conducting a 
case study in the industry; comparing the dependencies from the case study with those in the AMMs.
   
 
Methods. 
The agile maturity models were identified and analysed. A case study was conducted on an agile team 
to identify the dependencies between the agile practices in the industry practice. Semi-structured 
interviews were conducted with members of the agile team. Qualitative coding was used to analyse the 
collected data. The dependencies from the case study were compared with the AMMs to achieve the 
aim of this research. 
 
Results. 
It was found that dependencies between individual agile practices in the AMMs were almost never 
possible to be found. However, practices suggested in each maturity levels were derived. Hence, the 
dependencies were found in the maturity-level level. From the case study, 20 agile practice 
dependencies were found. 7/8 AMMs were found to be not relevant. 1 AMM couldn’t be evaluated as 
it heavily relied on the practitioner’s choices. 
 
Conclusions. 
The researchers could use the evaluation method presented in this thesis to conduct more such 
evaluations. By doing so, the dynamics present in the industry teams could be better understood. On 
their basis, relevant AMMs could be developed in the future. Such AMMs could help practitioners 
leverage agile development. 
 
Keywords: Agile Maturity Models, Agile Practice Dependencies, Case Study  
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1 INTRODUCTION 
 
 

1.1 Agile Software Development 
 
First introduced through Agile Manifesto [1] in 2001, agile software development has become an 
increasingly popular software development methodology in the industry [2]. The term ‘agile’ has 
become such a buzzword that companies started using it for their marketing in acquiring best talents 
[3]. Agile development is an umbrella term that is applied to a group of methodologies. For example, 
agile methods/ frameworks such as Scrum, Kanban, and Extreme Programming. Although agile 
software development methodology was created in 2001, the methods and frameworks it subsumes 
consists of those that were present well before the manifesto. For instance, the Scrum framework was 
introduced in the 1990’s [4]. 
  
The fundamental concept of agile methodology is the formation of self-organising cross-functional 
teams. By self-organising, it means that the teams have the responsibility to make decisions and 
organize themselves and therefore not have to rely on higher-ups for making those decisions [3]; and 
by cross-functional, it means that the team consists of members that have different functional expertise 
working together towards achieving the team goal [5] thereby ensuring self-sufficiency. These two 
aspects combined make self-organizing cross-functional teams- teams that are efficient, creative and 
are capable of adopting changes even during the development process [6], [7]. 
 
Agile manifesto describes its 4 key values: 
 

1. Individuals and interactions over processes and tools. 
2. Working software over comprehensive documentation. 
3. Customer collaboration over contract negotiation. 
4. Responding to change over following a plan. 

 
[3] describes them into 5 values: 
 
Agile development changes the way the roles are conducted¾the roles of stakeholders such as 
managers, customers, and developers.  
 
Manager’s role is more limited. Many of the powers of a traditional manager are transferred to the 
team in agile development. For example, task selections¾the team decides the tasks that would be 
taken up for the development, not the manager. Agile development has changed the software 
organisation’s relationship with its customer. Now the customers (or their representatives) actively 
participate throughout the development process. The customer can request changes in requirements, 
provide feedback etc. throughout the development process and the teams are able to accommodate 
them. agile essentially empowers the people on the ground, i.e., the developers. The developers now 
have more powers in the decision-making. They do not have to rely on their higher-ups for many of 
the decisions, they make it by themselves.  
 
The second tenant, according to [3], is the rejection of extensive planning of the future known as “Big 
Upfront Anything”. The idea is that things always change over the time and hence, extensive planning 
at the beginning itself is wasteful and inefficient. Planning should be encouraged to be limited to the 
near future. The final set of requirements cannot be captured at the beginning of the project and 
therefore, customer interactions should be maintained throughout the project to capture the new 
requirements as well as changes in the old ones. 
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The third tenant, according to [3], is iterative development. Unlike the Waterfall model, agile 
development follows iterative development meaning that there would be multiple iterations (knowns 
as “sprints” in Scrum) in the project. Each sprint would consist of developing a set of features known 
as user stories. The decision of the set of user stories to be developed rests on the team. These 
iterations are “time-boxed”, i.e., they are based on fixed time¾typically of a few weeks. 
 
The fourth tenant, according to [3], is the reduction of “waste features” i.e., features that are seldom 
used. In brief, it is achieved by prioritising the requirements based on return-on-investment and 
developing the most important features first. Thus, developing more effective and efficient software 
products.  
 
The fifth tenant, according to [3], is the focus on quality. This is achieved through continuous testing. 
Unlike, in Waterfall, where testing comes later in the development, agile aims to have testing 
performed throughout the development process. It emphases on testing such as regression testing.  
 
The software development life cycles that generally adhere to the tenants of the agile methodology are 
known as agile methods/ frameworks. Today, there are multifarious agile methods. For example- 
Scrum, XP, Crystal Methodologies, Kanban, Lean etc. These methods are implemented through the 
use of a certain set of practices known as agile practices. For example, self-organising cross-functional 
teams is an agile practice. Also, pair programming, On-site customer, (Daily) Stand-up meetings sprint 
planning meetings etc. 
 

1.2 Research Questions 
 
The aim of this research is the evaluation of the relevance of agile maturity models in the industry. 
This is achieved by answering the following research questions: 
 
RQ1) What are the dependencies between agile practices in agile maturity models? 
RQ2) What are the dependencies between agile practices in an agile team in the industry? 
RQ3) How do the agile practices dependencies in agile team compare to the agile maturity models? 
 

1.3 Expected Outcomes 
The following are the expected outcomes of this thesis: 

1. Agile practices that are implemented in an agile team in the industry. 
2. Description of how agile practices are adopted in the agile team.  
3. Order of adoption of agile practices over the time in the agile team. 
4. Dependencies that exists amongst agile practices in the agile team and their significance. 
5. A method to evaluate the relevance of AMMs in industry. 
6. Evaluation of the relevance of 8 AMMs in industry. 

 

1.4   Thesis Structure 
 
This thesis is structured as follows: Section 2 discusses the related work, section 3 details the method 
employed for this research, section 4 details the results obtained by implementing the research method, 
section 5 consists of analysis and discussion, section 6 discusses conclusions that could be drawn from 
this research and suggests future work. 
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2 RELATED WORK 
  

2.1 Agile Practices 
 
Agile practices are the building blocks of agile development. They are the concerts of agile principles 
[8], [9]. They are the activates that are conducted to implement agile methods. For example, on-site 
customer, (daily) stand-up meetings, sprint planning meetings, and pair programming. There are 
multifarious agile practices. For example, 
 
1. On-site Customer: 

It means that the team communicates directly with the customer who is available throughout the 
project execution [10]. This practice is the implementation of the agile principle ‘customer 
collaboration over contract negotiation’ [11]. It is preferred to have face-to-face communication 
with the customer as emphasised by agile development and it was found that the number of 
defects increased as the communication channels became less informative [1], [12]. The 
implementation of this practice has shown to improve product quality, reduce costs, and 
significantly reduce errors [11]. 
 

2. (Daily) Stand-up Meetings:  
The team stands in a circle and conducts a brief meeting daily. In the meeting, the team members 
update the rest of the team about the status of their work¾what was done yesterday, what is the 
plan for the present day, and if there are any obstacles faced [8], [13].  
 

The agile practices are further discussed in section 4.1.1. 
 

2.2 Agile Methods 
 
Agile software development is an umbrella term that subsumes several types of software development 
life cycles knows as agile methods/ frameworks [14]. For example, XP, Scrum, Kanban, Lean 
software development, and Crystal methodologies [6] a few of which are described below: 
 

1. Scrum 
Scrum was created by Schwaber and Sutherland in the 1990’s¾a method that existed before 
the agile manifesto. It is the simplest framework of agile software methodology and was in 
2017 the top most used framework in the industry [15]. With its popularity amongst 
practitioners, it even overtook agile methods such as XP to become one of the most important 
methods in the agile development [3]. 
 
Scrum is a lightweight method. It is a combination of incremental model and iterative model 
[15]. It promotes better team communication. It is generally performed by a team of about 5-
10 members. It is performed in a series of iterations known as ‘sprints’. The requirements 
elicited from the customer are divided into ‘user stories’. These user stories are added to the 
team’s backlog. Then, the team selects a set of user stories to implement them in a sprint. The 
remaining user stories, that includes the new ones that are added to the backlog after the 
beginning of the project, are prioritised and selected for the next sprint. This process goes on.   
 
The crucial aspect that differentiates Scrum is that it follows a “closed window rule” [3] 
meaning that no disruptive changes are allowed in the ongoing iteration. Although the agile 
manifesto suggests that changes are welcomed at any point in time, Scrum has this limitation 
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in this aspect. Its central idea is to disallow any significant changes to the requirements during 
the sprint. This limited inflexibility has an advantage¾people get the time to “cool off” i.e., to 
review or refine the proposed change and finalise a more matured change request [3]. This 
same restriction applies to the change in team members as well¾the changes in the team 
members cannot be made during the sprints but only between sprints. Scrum is more 
prescriptive and has formal meeting structures (e.g.- SPMs) when compared to Kanban.  
 

2. Kanban 
Kanban was created by Toyota. There are three primary aspects of Kanban: product backlog, 
Kanban board, done pile that signify “To do”, “In progress”, and “Done” respectively. Its 
central aspect is the use of a board to visually track progress known as the Kanban board. This 
board is divided into parts signifying different stages of the development process such as 
development, testing etc.  
 
The requirements are divided into tasks and are first collected in the product backlog in the 
form of cards. Then some of these tasks are moved to the Kanban board. Different members of 
the team take charge of different tasks and move the cards through the Kanban board with 
progress. The unique thing about this is the limit in the number of tasks that are allowed on the 
Kanban board under each category. When a category on the board is full, the only way that the 
team can make space for a new task is by taking necessary actions to complete and move the 
already present tasks to the next stage. This way of bottlenecking sets Kanban apart from the 
other agile methods. This way Kanban minimises the work in progress [3].   
 
Kanban is very different from Scrum. Kanban doesn’t operate in sprints¾it is continuous. 
Therefore, there are no Sprint planning sessions, fixed release intervals, retrospective meetings 
etc. The team releases the product whenever it feels enough new features have been added to 
the product. It is less prescriptive and there are no formal meetings as it is for Scrum [15]. 
 

3. Extreme Programming (XP): 
XP was created by Kent Beck in the 1990’s [3]. It is a lightweight agile method and is a 
people-centric process. XP emphasizes coding as the key activity in a software project. A 
small self-organizing team works as pairs of developers in short development cycles. In XP, 
the team is constantly in contact with the customer [3]. XP recognizes that changes in 
requirements are inevitable in a project and it tries organizes itself in order to overcome such 
challenges [16], [17].  

 

2.3 Agile Maturity Models (AMM) 
 
Over the years, many teams in the industry and the organizations themselves have chosen to transition 
to the agile way of working. One of the primary reasons for this is that agile development addressed 
the needs of the organizations when compared to the traditional software development models such as 
waterfall model [18]. For example, in the organizations, upfront planning is difficult because you can’t 
be certain of the distant future. Agile development actually discourages upfront planning and suggests 
to plan as short-term as possible [3]. For example, in case of requirements, one cannot be certain about 
the requirements at the beginning of a project, and agile gives a way to adopt changes in requirements 
over the time [19].  
 
Although agile development addresses the needs of the organizations better than the traditional 
methods, it doesn’t address them entirely. By comparing the textbook version of agile methods and 
practices with the way they are being implemented in the industry, one can find differences [18]. This 
is because the organizations have certain context-specific needs which the textbook version of agile 
methods does not fully address. The teams in the organizations almost always customize them to meet 
their context-specific needs by adding/removing or modify practices [2] [18]. 
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Figure 1: The Choice 

 
When a team decides to transition to the agile way of working, they are confronted by a choice¾either 
they implement all the practices at a time, called a big bang adoption approach, or adopt the practices 
gradually over the time, i.e., to begin with a small set of practices at a time and then adopt rest of the 
practices in increments [18]. It was found that the teams generally preferred the latter choice [18]. This 
could be because implementing all the practices at a time may seem easily overwhelming. It was also 
found that a big bang transition leads to poor quality work [18].  
 
Even though it can be understood that a gradual transition would be beneficial, the question arises 
regarding the order of adoption of agile practices. Can they be adopted arbitrarily? Kent Beck [19] 
indicated that there were dependencies between XP practices and that these practices reinforced each 
other. However, little is known regarding its significance in the software industry including how these 
dependencies reflect on when agile practices are adopted. 	
 
A new approach to agile development emerged in the recent years known as agile maturity models 
(AMMs) [20]. A maturity model is defined as “the development of an entity over time and this entity 
can be anything of interest, a human being, an organization function, etc.” [21]. Although this is not its 
only definition, in essence, a maturity model’s main purpose is to describe how a process can evolve 
over time [22]. These AMMs suggest agile practices and their implementation in a certain number of 
increments, i.e., maturity levels. AMMs are an attempt to provide a standard guideline or a model for 
adopting agile practices. 
 
By proposing to introduce agile practices in a certain order, these AMMs indicate that there are 
dependencies amongst agile practices and that have a noteworthy impact on the team. The AMMs 
argue, in general, that by introducing agile practices in the order they suggest, it is possible to enhance 
the benefits and alleviate the challenges [9]. However, these AMMs are multifarious¾there are many 
in the literature and they have distinct practice introduction orders. Not all the implementation orders 
could be right at the same time. It is yet to be known which of these adoption strategies are relevant in 
industry practice and which of them are not. The current status of most of the AMMs available is that 
they haven’t been evaluated sufficiently [20] [23]. And there is a need to evaluate the relevance of 
these AMMs in industry practice [20]. By identifying AMMs that are relevant, teams would be able to 
use these relevant AMMs to leverage agile development and mitigate the problems that arise while 
transitioning to the agile way of working. However, if AMMs are found to be not relevant in industry 
practice, this research could be a caution to the practitioners who could potentially implement these 
AMMs and risk failure. 
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2.4 Related Work 
 

A survey was conducted in the study: [18] with the objective to know what practice sets were being 
used in the industry setting, their adoption scenarios, and their merits/demerits. The context was that 
the teams in the industry were rapidly transitioning from ‘rigid development’ to agile development and 
that the agile methods were almost never implemented in their pure form. The survey was conducted 
using convenient sampling. It was concluded that a common benefit of agile development was 
learning and knowledge, the common limitation was that it required members with high skills, and the 
most important conclusion was that a ‘big bang’ adoption of agile practices leads to a lower quality 
transition in comparison to a gradual one.  
 
[13] made an observation that the agile practices as defined in theory were not being exactly 
implemented in the industry practice¾the practices had to gradually assimilate. This study attempted 
to explore this aspect through innovation assimilation perspective. Based on [24], it described 6 stages 
of assimilation, tried to conceptualise the assimilation process and later proceeded to conduct case 
studies in order to evaluate them. 
 
Kent Beck is the creator of XP. In the book: [19], he discussed various aspects of XP including the set 
of practices to be implemented. For example, pair programming, refactoring, coding standards etc. In 
his discussion of XP practices, he made an observation that agile practices weren’t standalone¾that 
they went hand in hand. He then proceeded to discuss the dependencies by presenting pairs of XP 
practices that reinforced each other. For example, refactoring <—> pair programming, pair 
programming <—> coding standards. However, this discussion was limited to these 12 practices. 
 
[25] presents an agile maturity model. It discusses CMM and CMMI and compares it to agile 
development. It aims at defining a generic process model, suggesting agile practices, and relates their 
problems to the improvement goals. It consists of 5 levels, each of which suggests practices that are to 
be implemented. Thus, suggesting a maturity model for organisations that look towards transitioning 
to agile development. This model focuses on the adaptability, suitability, and improvement aspects. 
This paper, however, states that verification and evaluation of the model in industry practice are 
needed.  
 
[26] presents another agile maturity model known as Agile QA-RM. It focuses on helping 
organisations to implement quality assurance. The structure of the model comprises of 5 maturity 
levels. Each maturity level has its own set of goals. The authors claim that the implementation of 
Agile QA-RM would help organisations by aiding its quality improvement. The authors conducted a 
limited evaluation of the model and improved it. However, the final model presented is expected to be 
evaluated in industry practice. 
 
[27] starts with discussing CMMI. It states that as an organisation reaches the higher levels of CMMI, 
there is a loss of agility. To counter that, agile methods are encouraged. Hence, the research aims to 
investigate the agile maturity models. It conducts a systematic literature review (SLR) of AMMs and 
identifies two major themes: discussion about the coexistence of CMMI and agile development; and 
the development of AMMs based on agile principles. The study primarily explores these aspects. 
 
[20] attempts to compare and analyse 8 AMMs. It categorises the AMMs into 3: (1) AMMs that are 
based on conceptual studies/personal opinions. (2) AMMs that were intended for a particular 
organisation and had gathered some feedback. (3) AMMs to which there exists a significant feedback. 
After analysing these models, the author concludes that the AMMs are in their early phases and that 
none of them has been properly validated.  
 
[23] evaluates several AMMs in SPICE perspective. This paper also considers models that haven’t 
been published in a scientific publication. The authors’ group AMMs into 3 categories based on their 
level structure. The discussion is focused on the content, quality, structural aspects of the models. 
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After the evaluation, the authors conclude by stating that the AMMs were unfit for industrial usage. 
This paper also briefly discusses another paper [28] that tries to evaluate the quality aspect of a subset 
of AMMs. It concludes by rating the AMMs as ‘more or less poor’.  
 
[8] aims at evaluating AMMs in industry practice. The authors conduct an SLR on 9 AMMs and then 
combine those AMMs. A survey is conducted with industry practitioners using convenience sampling 
with the aim to find the order of agile practice implementation in different organisations. The results 
of the survey are compared with the SLR results. It is concluded that practitioners aren’t using AMMs 
meaning that AMMs aren’t fulfilling the requirements of practitioners. This study also presents the 
merits and demerits experienced by the industry practitioners while implementing agile practices.  
 
This research evaluates the relevance of AMMs in industry practice. This is achieved by conducting a 
case study on an agile team in the industry.  
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3  METHOD 
 

3.1 Literature 
 

3.1.1 Agile Practices Set 
 
There are multifarious agile practices and there is no fixed list of them. For example, [29] has a list of 
41 agile practices while [10] has a list of 32 agile practices and [30] has a list of 62 agile practices. 
Holding such large amounts of agile practices is not possible. Hence, there needs to be a starting point. 
For this study, the set of agile practices and their definitions are derived from [8]. The reason being 
that [8] has been able to consolidate the practices and narrow them down to 17, which is a manageable 
number. These practices are the ‘most used practices in the industry’ [8]. This claim is based on 
research such as [13] that suggested practices and stated that they were the ‘most widely used’ practice 
and [18] which considered these agile practices and found them being used in the industry.  This claim 
can further be strengthened by the fact that the practitioners surveyed in [8] were indeed implementing 
these practices in their teams to a large extent. 
 

3.1.2 Agile Maturity Models 
 
During the background study for the thesis, various AMMs and papers evaluating AMMs have been 
found: [8], [20], [23], [31], and [22]. This study doesn’t perform a systematic literature review (SLR). 
Instead, it obtains AMMs from a recent SLR: [8] using snowball sampling approach [32] and then 
applying exclusion/inclusion criteria (described below). Further, search engines Summon @ BTH and 
Google Scholar as well as databases IEEE, DiVA, Scopus, DOAJ are searched until no more AMMs 
are found that passed the inclusion/ exclusion criteria. Summon @ BTH is selected because it 
consisted of all the databases that are accessible to BTH students. Google scholar is used because of 
the search engines capability to retrieve scientific papers that are sometimes not found through other 
databases or search engines. For example, Summon @ BTH, IEEE etc.  
 
 
Exclusion/ Inclusion criteria 
 
1. The AMMs should be obtained only from peer-reviewed published research papers. 
2. The research papers should be limited to the English language. 
3. The AMMs proposed should provide agile practices and not merely examples. 
4. The AMMs proposed must be relevant to a Scrum or Scrum-like teams. 
 

3.2 Choice of Research Method 
 
According to [33], there are 4 major choices for research method: 
 
1. Survey: 

Surveys aim at gathering standardised information from a population sample. This is typically 
achieved through interviews or questionnaires [33], [34].  
 

2. Experiment: 
An experiment involves controlling the environment by manipulating variables and measuring 
their effects [33], [34]. Also, “the subjects are assigned to treatments in random” [33], [35]. The 
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experiments in which the subjects are not randomly assigned are known as quasi-experiments [33], 
[34]. 

 
 

 
Figure 2: Research Method 

 
3. Case Study: 

“Case study is an empirical method aimed at investigating contemporary phenomena in their 
context.” [33]. The research focuses on a single case. This case could be a team, a project, an 
organization etc. 
 

4. Action Research: 
Action research also involves changing an aspect of the environment. It involves individuals 
taking action in improving or solving problems in a case [36]. It is used in the field of, for instance, 
software process improvement. It is considered closer to a case study. However, a case study is 
differentiated by the fact that it is only observational and doesn’t involve manipulating or even 
involvement in the environment.   
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Experiments and Action Research are not selected for this study because they involve altering the 
environment. It would imply, for example, finding a newly formed team, implementing a maturity 
model (modifying/ controlling variables) and observing it’s the teams progress over a long period of 
time, i.e., until that team climbs some if not all maturity levels over the time. This would evaluate only 
one maturity model. Replication is cumbersome. It involves the investment of resources that are 
outside of the scope of this research. No hypothesis is formulated in this study.  
 
The purpose of this research requires a rich in-depth understanding of the context, details about 
practice implementation before deriving their dependencies. This is not possible through a survey. 
Also, there are several practices considered for this study. A survey questionnaire could run the risk of 
lowered enthusiasm amongst the respondents while answering the questions about the long list of 
practices. The researcher cannot always be certain of the accuracy of the data retrieved. A survey 
interview would imply one interview from one context. It is unlikely to elicit an exhaustive list of 
significant dependencies that exist in a team from one team member. Further, in surveys, data 
triangulation is not possible. Survey data runs the risk of being inaccurate or misunderstood. Therefore, 
a case study is selected as the research method. 
 
This research is exploratory in nature. It is intended to explore the practice dependencies that exist in 
agile teams in industry practice and see if the AMMs address those conditions. The data collection is 
qualitative in nature. 
 

3.3 Case Study Design 
 
3.3.1 Preliminary Interview 
 
A preliminary interview is conducted with a volunteering Team member. The goal is to understand the 
context of the Team and its fitness for the study. The interview is an informal ‘getting-to-know’ 
interview. This is before getting into the agreement with the organisation. Therefore, none of the 
sensitive issues is discussed. Only getting-to-know questions are asked, such as, the Team’s age¾if it 
is newly formed or is an old team; location of the Team¾to ensure travel to the location is feasible; 
agile method followed by the Team¾in order to identify the AMMs that are comparable to the 
industry team. 
 
3.3.2 Unit of Analysis 
 
The context of this study is a Sweden based multinational company. A case is defined as 
“contemporary phenomenon in its real-life context.” [33], [37].  The case and the unit of analysis for 
this study is an agile team [33]. A team was chosen as the unit of analysis because agile practices are 
typically intended on a team-level [13]. This team under study is referred to as ‘the Team’ henceforth. 
It is not a development team, it calls itself a ‘platform team’ meaning an operations team¾it handles 
upgrade, migration and installation aspect of the product. This product is developed by multiple teams 
in the organisation. The name of the organisation, the product the team is taking part in developing, 
and the interviewees cannot be named due to the non-disclosure agreement. 
 

3.3.3 Case Study Protocol 
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3.3.3.1 Ethical Considerations 
 
The following ethical considerations have been made for the case study: 
 
1. A non-disclosure agreement (NDA) is signed with the organisation for the case study. Therefore, 

the name of the organisation, interviewees, the product is ensured to not be revealed in the 
research. Also, the research draft is sent to the review board in the organisation for approval.  

2. The interviewees are audio recorded only after receiving consent. 
3. The goal is to not attribute individual statements to a particular interviewee. This further helps to 

maintain confidentiality.  
 
Case study protocol section consists of two parts¾the first part consists of the protocol used for data 
collection and the second part consists of the protocol used for analysing the collected data.  
 

3.3.3.2 Data Collection  
 
There are 3 types of data collection techniques: 
 
1. First Degree: 

The researcher is directly in contact with the subjects of the study and the data collection happens 
in real time. This is the most expensive form of data collection. For example, interviews [33]. 
 

2. Second Degree: 
The researcher is collecting data without having direct contact with the subjects. For example, via 
video recordings, software engineering tools etc. [33]. 
 

3. Third Degree: 
The data is already collected and available to the researcher. The researcher has to analyse this 
data. For example. Documents and other such work artefacts [33]. 

 
This study uses first-degree data collection. The researcher needs to talk to the subjects in order to 
elicit their viewpoints and achieve the goal of this study.  
 

3.3.3.2.1 Selection of Interviewees   
 
The interviewees were selected based on their experience in working with the Team, i.e., the Team 
members who have been part of the team for the longest period. Another criterion is 
diversity¾members diverse in their roles and responsibilities. The interviewees were selected with the 
help of a volunteer from the Team. 
 

3.3.3.2.2 Interview Format 
 
There are 3 formats of interviews: 
 
1. Structured Interviews: 

Structured interviews are more suitable for collecting quantitative data [38]. The questions are 
planned, the interview is limited to those questions and these questions are only close-ended. No 
additional questions are asked [33].  
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2. Semi-structured Interviews: 
Core questions of the interview are planned. Both open-ended and closed questions are asked. As 
the interview goes, additional questions are asked based on the interviewee’s responses [38].  
 

3. Unstructured Interviews: 
No planning of the interview questions is done. The questions asked are spontaneous. [38] 
suggests that there couldn’t be a truly unstructured interview. 

 
The semi-structured format is the most appropriate format. A core set of questions must be answered 
for the success of this study. This allows for effective data analysis and results. At the same time, the 
interviewer should have the freedom to ask additional questions (both open and closed questions) as 
and when deemed necessary. Therefore, the format chosen for the interviews is a semi-structured 
format [38].  
 

3.3.3.2.3 Interview Phases 
 
1. Agile Practices Timeline Chart 

Prior to the interview, the selected members are requested to fill the agile practices timeline chart 
(Appendix I). This chart consisted of the list of agile practices considered for this study, their 
definitions and the timeline to indicate which practices have been used and when. The presence of 
definitions is to ensure the terms are univocal. Also, the interviewees get to familiarise with the 
practices and their definitions considered for the study prior to the interview. This chart is to be 
used for reference during the interview. 
 

2. Purpose of the Study 
The interviewees are explained about the goal of the interviews. This helps maintain the direction 
of the conversation. And it helps interviewees to judge what information is of value and is to be 
provided. Also, complete transparency regarding how the information elicited is used is ensured.  
 

3. About the Interviewee 
The interview questions begin with questions about the interviewee’s name, position, work 
experience, responsibilities in the Team etc. 
 

4. Core Questions 
After the introductory questions, the main set of questions are asked. This phase is the main part of 
the interview and takes up most of the interview time. 

 

3.3.3.2.4 Data Collection for Interviews 
The interviews are audio recorded (with consent) for the analysis phase. There are 3 ways to record 
interviews:  
 
1. Note-taking:  

Note taking is unrealistic if the goal is to capture all important information. This is because 
focusing on the interview as well as making notes sufficiently is hard. Also, at the time of the 
interviews, it is hard to judge which points are important [33]. 

 
2. Video Recording:  

Video recording, on the other hand, captures the most details but it is also considered time taking 
and cumbersome for analysis [39].  
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3. No Recording 
If the interviewer chooses to skip making notes or recordings during the interview and only make 
notes after, then he/she might not be able to record all essential details from memory and the 
information noted could be very subjective [39].  
 

4. Audio Recording 
Audio of the interview is recorded. This is the most balanced form of recording. Hence, it is 
chosen for this study.  

 

3.3.3.2.4.1 Core Questions 
 
From [40], [41], [42], we learn that teams in the industry almost always make changes to the practices 
according to their context-specific needs. The practices are either modified or added or removed. 
Therefore, it is not as easy as marking ‘used’ or ‘not used’ for each practice. Before knowing the 
dependencies between practices, it is important to know how these practices are being implemented in 
the team. Further, it is also important to know how the practices have assimilated in the Team as the 
implementation of practices improves over the time [13]. To achieve this, the interviewees have been 
asked for the procedure followed for each practice, the changes made in their implementation over the 
time, and the merits and demerits of such an implementation according to them. The core questions 
consist of discussing the agile practices. For each agile practice, the following questions are asked: 
 

1. How is this practice being implemented in your team? 
2. How has the procedure changed over the time? 
3. What are the positives and negatives of this practice¾the way it is being implemented? 
4. Does this practice have any dependencies with other practices? If yes, what are the 

dependencies? 
 
At the end of the interview, the interviewees were asked if they thought any other practice could have 
been implemented in the team.  
 

3.3.3.2.5 Transcription 
 
Transcription is a very important step in a qualitative research. It is putting into writing the 
interview¾an act of representation [43]. This process has many difficulties. For example, because 
speaking is different from writing, people tend to speak in run-on sentences [38]. This could be a 
problem because each sentence could get very long with the use of words such as ‘because’ or 
connectors such as ‘and’ and ‘but’. Another difficulty is that transcription is a time taking and 
cumbersome process. However, the process of transcript brings a significant of familiarly with the data. 
This could also lead to new insights. The placement of punctuation is very important as it has the 
power to change the meaning of the statements. In such situations, the approach is to listen to the 
interview audios while analysing in order to accurately interpret the data. 
 
There are two approaches to transcription:  
 
1. Naturalised Transcription 

This form of transcription aims at transcribing word for word¾without any form of corrections 
[43]. 
 

2. Denaturalised Transcription 
This form of transcription involves allowing oneself to make changes. For example, grammar 
corrections, noise removal etc. [43]. 
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This study chooses to perform naturalised transcription. And naturalised transcripts are used for the 
analysis. However, while representing them in this document, minor changes of purely grammatical 
nature are made for the reader. 
 

3.3.3.3 Data Analysis 
 
The data analysis method chosen for analysing the transcripts is qualitative coding. This has been 
found to be most suitable for performing qualitative analysis on interview transcripts [39], [44]. This 
method is performed by open coding and axial coding [45]. However, this study doesn’t claim to use 
Grounded theory [45]. The reason being that this study doesn’t aim to develop a theory from the data 
which is a crucial part of the Grounded theory. 
 

3.3.3.3.1 Precoding  
 
The first step is to familiarise with the transcripts. One gets familiar with the data during the 
transcription process. However, the idea is to reread the transcripts carefully once again after the 
transcribing step in order to get a more clear and refined view. This step was supported with 
highlight/note taking of interesting points.  
 
The next step after rereading the transcripts is to perform qualitative data analysis. The transcripts are 
coded to best organise the data in a way to answer research questions and achieve the goal of this 
study. A transcribing and coding tool called ‘Qualyzer’ was used to perform coding. The use of such 
tools to conduct qualitative analysis is highly recommended as it is efficient, systematic, and flexible 
[38]. 
 

3.3.3.3.2 Open Coding 
 
The first step in qualitative data analysis is open coding. This step is performed by labelling relevant 
parts of the transcripts¾the parts could be anything from words to sentences to sections. But what can 
be considered as ‘relevant’? Something can be considered relevant because it has been stressed or 
described as important by the interviewee or is found to be of value to the researcher in achieving the 
goal of the study [44]. The intent is to capture the ideas that seem relevant by labelling them with one 
or a few words. Each label is called a ‘code’. For example, ‘information gathering’, ‘conferring’ etc. 
 
There are two approaches to open coding [46]. Glaser [47] suggests that open coding should be 
performed line by line¾meaning that each line (not a sentence) in the transcript should be assigned a 
code, while Corbin and Strauss suggest that open coding should be based on ideas and not lines [46]. 
The approach selected for this thesis was to go from idea to idea. The approach to go line to line is 
arbitrary as a line could be dependent on the screen size, window size etc. 
 
All the transcripts are coded this way. If different interviewees express the same idea, all those parts 
can be labelled with a single code. After the completion of open coding, the transcripts are reviewed 
once again in order to improve the codes. 
 

3.3.3.3.3 Axial Coding 
 
After the open coding step, there could be hundreds of codes. The aim is to group these codes into 
categories.  For example, if different interviewees express different advantages of a particular practice: 
XYZ, then all those codes can be placed under a root code: XYZ Advantages. In this step, not each 
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and every code needs to be categorised, codes can be dropped. The grouping of codes can be done 
using the constant comparisons approach¾meaning the codes are constantly compared to each other 
[44]. A category can have more than one subcategory. For example, the category ‘XYZ Practice’ can 
have sub-categories ‘XYZ Advantages’, ‘XYZ Procedure’ etc. and each of these subcategories can 
have subcategories as well. 
 
This process is called conceptualisation, i.e., concept formation. A concept is formed by putting a set 
of units into a category and integrating them [48]. That is what we are doing in this step¾to place a 
set of codes in a category and integrate them, i.e., conceptualization of the data. 
 

3.3.3.3.4 Validation of Results 
 
The following are the strategies used to triangulate the data. 
 
1. Data source Triangulation  

It is a process where diverse individuals are interviewed in order to gather diverse points of views 
[49]. This helps in the triangulation of the data [49].  
 

2. Method Triangulation  
Different methods of data collection are used. In this study, data is collected through an agile 
practices timeline sheet (Appendix I) and interviews [49].   
 

3. Theory Triangulation 
Different theories are explored to have a better understanding of the issue, i.e., different 
viewpoints and, therefore, is used during the data analysis [33], [49]. 

 
4. Point-of-contact  

One interviewee is available to be contacted for further information and clarifications.  
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4 RESULTS 
 

4.1 Literature 
 

4.1.1 Agile Practices Set 
 
The following is the agile practices set selected for this study [8]: 
 
SN Agile Practice Description 

1 Face to face meeting  
(FF) 

“Team sits together, open space office facilitating interaction, video 
conference if the team is distributed” [8]. 

2 Self-organising teams  
(SO) 

“It is a practice where the team organizes themselves, assign tasks 
and responsible for their own task” [8], [50]. 

3 On-Site customer 
(On-site) 

“The customer is available at any time during the project execution 
for explaining in detail about the user stories” [8], [10].  

4 Pair programming  
(PP) 

“Two developers work together at one workstation” [8]. 

5 Sprint planning meeting 
(SPM) 

“The entire team participates in selecting the feature to be 
implemented in the following iteration” [8]. 

6 Tracking progress 
(TP) 

“Used to track the progress of the project with the help of 
burndown charts, burnup charts and others” [8]. 

7 Refactoring “It is a practice where the code can be restructured from the 
existing codes but not the behavior” [8]. 
 

8 Retrospectives “A meeting is conducted after each iteration to discuss the work 
done¾to review the project, discuss threats to process efficiency, 
modify and improve” [8], [18]. 

9 Short iterations & 
frequent releases  
(SIFR) 

“Frequent releases of the software, early and continuous delivery of 
partial but fully functional software” [8]. 

10 Simple design  
(SD) 

“Goal to design simplest solution” [8]. 

11 Sprints/ iterations “Fixed start and end dates are set for iterations and projects, e.g. 30 
days sprint” [8]. 

12 Stand-up Meetings 
(Stand-ups) 

“Short daily meeting where the whole team communicate and 
reflect on the completed and ongoing work” [8]. 

13 Metaphors and Stories “A metaphor is a very high-level requirement outlining the purpose 
of the system and characterizes what the system should be like. The 
metaphor is broken down into short statement of the detailed 
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functionalities called stories. The stories are kept in a backlog” [8]. 

14 Test-driven 
development (TDD) 

“Writing automated test cases for functionalities and then 
implementing (coding) the tested functionalities until the tests are 
passed successfully” [8]. 

15 Continuous integration  
(CI) 

“Software is built frequently, even a few times a day, accompanied 
with testing (unit test, regression test etc.)” [8]. 

16 Coding standards 
(CS) 

“Coding rules that are followed by the developers to make sure that 
developers write code in the same way” [8]. 

17 Collective ownership 
(CO) 

“A team member or a developer can change the code at any time 
without approaching the code owner for improving the code quality 
like bug fixing” [8]. 

Table 1: Agile Practices Set 
 
From table 1, it can be observed that the agile practices are of two types¾managerial agile practices 
and technical agile practices. Managerial agile practices are practices such as sprint planning meeting, 
Self-organizing teams, daily stand-up meetings etc. Technical agile practices are practices such as pair 
programming, refactoring, TDD, coding standards, simple design etc. 
 

4.1.2 Agile Maturity Models 
 
7 AMMs were obtained by applying exclusion/inclusion criteria to the selected SLR. Further, by 
performing searches in the search engines and databases, 1 AMM was found that passed the 
exclusion/inclusion criteria: [51]. Finally, a total of 8 AMMs were selected for this research. 
 
A set of agile practices have been considered in this study. However, each AMM has its own practice 
set. Therefore, only the agile practices common to both can be considered for evaluation. These 
AMMs have been described. The summary table for each AMM represents the maturity levels and the 
practices prescribed for each level that are considered for this study.  
 
During transitioning, not only should we introduce new agile practices gradually [18], but we should 
also recognise the fact that each practice matures gradually¾as it’s is not implemented perfectly from 
day 1 [13]. For example, in M4 (discussed in the following sub-section 4.1.2.4), ‘customer 
collaboration’ was being suggested from maturity level 1, however, it only required “customers 
commitment to work with the development team” [9]. In this research, a practice is considered 
implemented when the minimum criteria (definition/description) has been satisfied. Hence, in this case, 
the on-site customer is considered to be suggested in maturity level 4 where the minimum criteria are 
satisfied.  
 
In the below AMMs, there are instances where more than one practice suggested by the AMMs 
together fulfil one practice considered for this study. For example, in the stories practice, eliciting 
requirements, converting requirements into user stories, and adding them to the backlog are considered 
part of the stories practice. However, if an AMM considers breaking requirements into user stories and 
backlog as two separate practices. In such a case, the stories practice is considered implemented only 
when the minimum criteria (components of the description) are all fulfilled. So, here the case would be 
that if the backlog is suggested in L1 and converting requirements into user stories is suggested in L2, 
then the practice: stories, is considered implemented in L2 and not L1. 
 
It is to be noted that [8] has only been used to identify AMMs. Their analysis and derivation of AMM 
tables haven’t been obtained from the SLR. These have been performed by the researcher in order to 
ensure accuracy and in accordance with the requirements of this research.   
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4.1.2.1 M1: Agile Maturity Model [25] 
 
This AMM was published in the year 2009. The authors present their case by stating that software 
process improvement (SPI) such as CMM has gained significant success in the industry. However, SPI 
the organisations have found it very difficult to reach its higher levels. CMM is meant for large 
organisations, is hard to apply it for small-medium organisations and doesn’t focus on achieving 
business objectives; whereas agile is meant for a small-medium organisation and is business objectives 
oriented. The authors argue that combining SPI and agile methods is not possible, referring to [52]. 
Therefore, the authors:  
 
1. Propose a generic maturity model for agile development. 
2. Suggest agile practices for each level of the AMM. 
3. Integrate the solutions to the problems of agile practices in this AMM. 
 
M1 consists of 5 levels: Initial, Explored, Defined, Improved, Mature. Each of these levels has certain 
goals (except L1: Initial) and for each goal certain agile practices have been either hinted or explicitly 
suggested. The following has been derived:  
 

L1- 
Initial 

L2- Explored L3- Defined L4- Improved L5- 
Mature 

Nil. 1 Sprints 

2 SPM 

3 Stories 

4 On-site customer 

5 TDD 
(introduction) 

1 Metaphors 

2 Refactoring 

3 SIFR 

4 Collective 
ownership 

5 Pair Programming 
(PP) 

6 FF 

7 TDD 

8 CI 

9 Coding standards 
(CS) 

1 Tracking progress 

2 SO 

3 Simple design 

4 Retrospective 

Nil. 

Table 2: M1. AMM 
 
Further, some dependencies amongst practices in each level have also been derived: 
  

Level 2 Level 3 Level 4 
1 On-site customer -> Stories 

2 On-site customer -> SPM 

1 Collective Ownership -> PP 

2 Refactoring -> TDD 

3 Collective Ownership -> CS 

4 PP -> CS 

1 Simple Design -> SO 

Table 3: M1. AMM Dependencies 
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Some Decisions Taken During the Derivation From [25] 
 
Definition of Done 
This practice is not explicitly stated in this model. However, it can’t be categorically established that 
this AMM doesn’t include it. This is because, in maturity level 4, the authors suggest that a team in 
this level has the capability to make detailed measurements of processes, practices etc. For the 
tracking progress practice, this AMM suggests that the ‘primary reporting metric’ is feature based, i.e., 
completed stories vs incomplete stories, burn up graphs or cumulative flow diagrams.  However, this 
is not further detailed. Therefore, its inclusion in this AMM is ambiguous. It can categorically be 
stated that this AMM doesn’t explicitly suggest Definition of Done. 
 
Evaluation 
 
The authors mention that they further aim to verify and evaluate this model in the industry. 
 

4.1.2.2 M2: Agile Adoption and Improvement Model (AAIM) [53] 
 
AAIM was published in 2008. The authors first developed a framework called Agile Software 
Solution Framework (ASSF). It is intended to provide a broader context for exploring agile 
development with the goal to assist managers in transitioning their teams/projects to agile 
methodology. AAIM was developed as an implementation of this framework. AAIM is intended to be 
a ‘method-independent model’. 
 
AAIM consists of 3 ‘blocks’: Prompt, Crux, and Apex. Prompt consists of one level: Agile Infancy; 
Crux block consists of 3 levels: Agile Initial, Agile Realization, and Agile Value; and Apex block 
consists of two levels: Agile Smart and Agile Progress. Therefore, there are 6 levels in total. 
 
A set of practices have been suggested in each of these levels. These are summarized below: 
 

L1-Agile 
Infancy 

L2-Agile 
Initial 

L3-Agile 
Realisation 

L4-Agile 
Value 

L5-Agile 
Smart 

L6-Agile 
Progress 

1. Sprints 

2. Sprint 
Planning 
Meetings 

3. TDD 

1 FF 

2 On-site 

Nil. 3 SO Nil. Nil. 

Table 4: M2. AAIM 
 
This list of practices is not an exhaustive list. As the authors state that AAIM only lays the 
groundwork. The organisations must tailor it according to their context-specific needs. 
  
Evaluation  
 
The authors conducted two case studies in order to evaluate this model. From the case studies, it was 
learnt that the while transitioning to agile development, a gradual transition/adoption was better than 
having a ‘big bang’ transition¾this was also concluded in the study: [18]. Further, it was found that 
AAIM was appropriate for projects that were large and complex. 
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4.1.2.3 M3: Agile Quality Assurance Reference Model (Agile QA-RM) [26] 
 
This model was published in 2014 with the aim to help organisations with QA implementation. This 
model has taken some inputs from CMMI and MPS.BR guidelines. The authors suggest that this 
model could be applied to organisations with or without CMMI or MPS.BR rating.  
 
Agile QA-RM has 5 maturity levels: Informed QA, Managed QA, Defined QA, Measured QA, and 
Optimised QA. With the exception of level 1: Informed QA, these maturity levels have a set of 
process areas. For example, level 3: Defined QA, consists of 8 process areas one of which is 
‘integration management (ITM)’. Further, the authors suggested agile practices for each of these 
process areas. For example, continuous integration was suggested for ITM process area.  
 
The initial model was developed and then was first evaluated using literature and then though a survey 
based on expert opinion. The respondents, in this case, were 5 and were both researchers as well as 
industry practitioners who were experts in CMMI and MPS.BR. Based on the survey results, the 
model was updated and the final model was presented. M3 has been summarised below: 
  

L1- 
Informed 

QA 

L2- Managed QA L3- Defined QA L4- Measured QA L5- 
Optimized 

QA 
Nil. 1 Sprints 

2 SPM 

3 On-site 

4 Stand-ups 

5 Coding 
Standards 

6 PP 

1 SO 

2 Retrospective 

3 FF 

4 CI 

5 Metaphor 

 

1 Collective Ownership 

 

Nil. 

Table 5: M3. Agile QA-RM 
 
Evaluation  
 
This AMM is expected to be evaluated by a set of Brazilian organisations. 
 

4.1.2.4 M4: Sidky Agile Measurement Index (SAMI) [9] 
 
SAMI was published in 2007. It is independent of agile methods or style and can be applied to teams 
that chose to use any. There are 2 components in this model. These together are intended to guide the 
transition of a team. 
 
1. Agile Measurement Index 

It presents SAMI, discusses the agile principles, maturity levels, practices etc. SAMI consists of 5 
maturity levels: Collaborative, Evolutionary, Effective, and Adaptive. Agile practices have been 
suggested for each maturity level. 
 

2. 4-Stage Process 
It consists of guidelines that are intended to help organisations determine the readiness, practice 
set, hindrances, and prerequisites in order to aid the adoption of SAMI. For example, it brings 
light to practices that could be outside the organisation’s control and calls them ‘limiting agile 
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practices’. For instance, face to face communication requires the team to be in close proximity. 
There is a possibility for the project/organisations to conclude that it is out of their control. If such 
limiting agile practice is present, then the authors state that the team could only mature to that 
level.   

 
This model has suggested practices for each maturity level. However, it hasn’t provided their 
descriptions. Different sources have been cited as ‘good starting points’ for these practices. However, 
the next AMM: M5 is built upon this AMM. And M5 provides descriptions for the agile practices 
which can be used as a reference. 
 
By carefully analysing this model, the following has been derived: 
  

L1- 
Collaborative 

L2- Evolutionary L3- Effective L4- Adaptive L5- 
Encompassing 

1 Sprints 

2 CS 

3 SO 

 

1 Tracking Progress 

2 SPM 

1 CI 

2 Refactoring 

 

1 Stories 

2 Stand-ups 

3 On-site 

4 SIFR 

1 TDD 

2 FF 

3 PP 

 

Table 6: M4. SAMI 
 
Some Decisions Made During the Derivation from [9] 
 
1. Short Iterations and Frequent Releases (SIFR) 

‘Continuous delivery’ practice has been suggested in Level 2 and ‘Smaller and more frequent 
releases’ practice has been suggested in L4. The definition considered for SIFR in this study 
includes both frequent releases of the software and continuous delivery to the customer. Which 
means that both are parts of the practice description. Therefore, fulfilment of only one part only 
partially fulfils the description. Hence, SIFR is assigned to L4 where the criteria have been 
fulfilled. 
 

2. Sprints/ Iterations 
Sprints/ iterations practice hasn’t been explicitly suggested in this AMM. However, in level 2, a 
practice ‘tracking iteration progress’ has been suggested. The presence of ‘iteration’ in the practice 
suggests that iterations are assumed to be already implemented. Hence, sprints practice has been 
added to the L1. 
 

3. SO 
This practice has the following criteria: team organises itself, assigns tasks, responsible for their 
tasks. In M4 [9], the practices ‘Empowered and motivated teams’ and ‘Task volunteering’ that are 
present in L1 [9] satisfy these criteria. Therefore, SO practice has been listed in L1.  

 
Evaluation 
 
The authors used questionnaires to gather feedback from 28 participants on the practicality, 
comprehensiveness, necessity, and maturity level vs practices aspects of SAMI. The authors presented 
the results and concluded that the results of the evaluation were encouraging. 
 

4.1.2.5 M5 SAFe MM (Scaled Agile Framework Maturity Model) [51] 
 

This maturity model was published in 2016. The authors argue that despite the development of agile 
development approaches, when it comes to applying it in traditional large-scale system development 
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projects, there are scalability and integration concerns. Leffingwell in [54] stated that although agile 
development methods were developed, they were meant for small teams. Therefore, these agile 
methods by themselves do not achieve the expectations of large-scale organisations. Therefore, an 
agile framework known as Scaled Agile Framework (SAFe) was introduced. However, it was 
observed that a big bang adoption of SAFe lead to several risks. Therefore, the authors saw a need to 
develop a maturity model to implement SAFe.  
 
The authors took SAMI as the base AMM and customised it and added SAFe practices to it. The 
following table has been derived: 
 

L1- 
Collaborative 

L2- Evolutionary L3- Effective L4- Adaptive L5- 
Encompassing 

1 CS 

2 Sprints 

3 SO 

4 Retrospective 

 

1 Tracking Progress  

2 Stories 

3 SPM 

1 CI 

2 DevOps 

3 Refactoring 

4 Metaphors 

 

1 SIFR 

2 On-site customer 

3 Stand-ups 

1 TDD 

2 FF 

Table 7: M5. SAFe MM 
 
Some Choices Made During the Derivation from [51] 
 
1. Stories 

The practice ‘user stories’ has been mentioned in L1 in [51]. However, the description provides 
for this practice only talks about converting requirements into user stories. The description for 
stories considered for this study includes the conversion of requirements into user stories as well 
as placing them in a backlog. In this [51], the backlog practice is introduced in L2. Therefore, it is 
in L2 where the criteria for stories practice considered for this study is satisfied. Hence, stories are 
listed in L2. 

 
2. Sprints/ Iterations 

L2 consists of ‘tracking iteration progress’ which implies that iteration is already implemented 
implicitly. Therefore, sprints practice has been listed in L1¾similar to SAMI. 

 
3. SO 

This practice has the following criteria: team organises itself, assigns tasks, responsible for their 
tasks. The practices ‘Empowered and motivated teams’ and ‘Task volunteering’ present in L1 [51] 
satisfy these criteria. Therefore, SO practice has been listed in L1¾similar to SAMI 
 

4. Tracking progress/ Stand-ups 
This model suggests ‘tracking iteration progress’ practice in L2. It describes it as a means to 
measure the team’s progress but doesn’t dictate a particular method for it. However, it has dictated 
a specific method to track progress in L4¾daily meetings which is, in this study, stand-ups. 
Therefore, stand-up meeting practice is added to L4. The only other method used by the Team to 
measure iteration progress is tracking progress practice. Therefore, tracking progress is added to 
L2.  
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4.1.2.6 M6: Benfield’s Maturity Model [55] 
 
This model was published in 2010. This model has been developed at British Telecom (BT) and has 
been applied to several teams. This AMM not only tries to improve agile teams but also the 
organisation.  
 
It was found that the teams faced inconsistencies that affected the development and caused quality 
issues. 7 practices were identified to solve these problems. These practices are called ‘dimensions’. 2 
of which have been described below: 
 
1. Automated Regression Testing 

A regression testing is a test to ensure that the new updates made to the software do not affect the 
behaviour of the existing part. According to  [55], locating regressions soon after committing new 
code make it easy and less time consuming to identify and fix the problem causing code. 
Therefore, conducting automated regressing testing accelerates this process. 
 

2. Code Quality Metrics 
It is important that the code has to is managed. And to achieve this, coding standards and design 
and code reviews should be encouraged. 

 
This AMM was developed in the organisation with the goal to foster coordination between the 
technical and business parts. The AMM was influenced by CMMI and consist of 5 maturity levels:  
 
1. Emergent Engineering Best Practices 

The goal of this level is to establish a strong baseline for the teams in the organisation by 
implementing a set of best agile practices, such as TDD, and eliminating inconsistencies between 
the teams. 

 
2. Continuous Practices at Component Level 

In L1, all activities were performed for the first time. Hence, the phase tends to be chaotic. The 2nd 
maturity level aims and establishing ‘repeatable rhythm’ of those activities. 

 
3. Cross Component Continuous Integration  

The first two maturity levels were focused on establishing the teams. This level focuses on 
improving coordination between those teams. This is important because, in large multinational 
organisations, issues arise between teams and not just within teams. Hence, there is a need to 
synchronise and harmonise the teams that have to work together. 

 
4. Cross Journey Continuous Integration 

The teams have first established coordination within and then between each other. The next step is 
to establish coordination between different products that coordinate in order to provide a certain 
service to customers. For example, when two people are talking over phones, there are several 
products involved such as telephones, mobile phones, mobile networks etc. coordinating together 
to provide that service. This line of products and services that are working together to provide the 
service is called customer journey. Each of these products and services may provide several other 
features. The goal is to integrate these product line teams.   

 
5. On Demand Just in Time Releases 

In this maturity level, the teams are performing very well. The teams are flexible and are able to 
incorporate changes. There is no specific goal in this level. The author lists several activities that 
the teams are able to perform by reaching this maturity level. For instance, use of Service Oriented 
Architecture (SOA) to provide decoupled products.  
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The 7 dimensions would be used to evaluated teams in these maturity levels. The following table has 
been derived: 

 
L1- Emergent 
Engineering 

Best Practices 

L2- 
Continuous 
Practices at 
Component 

Level 

L3- Cross 
Component 
Continuous 
Integration 

L4- Cross Journey 
Continuous Integration 

L5- On 
Demand 
Just in 
Time 

Releases 
1 TDD 

2 CS 

3 CI 

4 Stories 

5 Sprints 

Nil. 1 SIFR 

 

1 Refactoring 

 

 

1 SO 

 

Table 8: M6. Benfield’s Maturity Model 
 

 
It is stated that adaptive and iterative project management was the main focus of the organisation. In 
L3, it is stated that the teams should be able to perform testing and integration during sprints. This 
suggests that the sprint practice was already implemented implicitly. Therefore, it is placed in the 1st 
maturity level.  
 
Evaluation 
The case study has been conducted by applying the model to several teams within BT. 
 

4.1.2.7 M7: Scrum Maturity Model (SMM) [56]  
 
This model was published in the year 2011. The author states that in industry, projects have failed due 
to communication gaps¾specifically between the client and the vendor. This AMM is aimed at 
providing a roadmap for organisations to improve the software development process by reducing this 
communication gap. It was developed using action research and over 3 iterations. The author states 
that this model was inspired by CMMI.  
 
This model consists of 5 maturity levels:  
 
1. Initial 

This is the initial level and the organisations face several issues such as over-budget projects, poor 
communication etc. Organisations rely on competent members for their success. This level follows 
a negation rule¾organisations that do not achieve the goals of level 2 are by default in this level. 

 
2. Managed 

This level has 2 goals: 
2.1. Basic Scrum Management: 

This goal dictates a set of practices organisations must implement. 
 

2.2. Software Requirements Engineering: 
This goal consists of a set of practices that must be implemented for the originations to 
produce quality products. 
 

3. Defined 
This level has 2 goals: 
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3.1. Customer Relationship Management: 
To build customer relationships, the author suggests a set of practices. 
 

3.2. Iteration Management: 
To deliver the products on time and within the budget, the author suggests a set of practices. 
 

4. Qualitatively Managed 
This level is focused on project management practices. It focuses on 2 fields: 
4.1. Standardized Project Management:  

The organisations should standardise their development processes by following a standard 
process for all projects.  
 

4.2. Process Performance management:  
The practices implemented so far are to be monitored through the use of metrics suggested 
for each of the practices. 

 
5. Optimizing 

The organisations in this level are ‘top class’ and should focus on constantly improving. Hence, 
this level has one goal: 
5.1. Performance Management: 

The organisations measure and analyse their performance in order to improve. 
 

These are the 5 maturity levels in SMM. As stated, the author has suggested different practices to 
achieve the above goals. The following table has been derived: 

 
L1- 

Initial 
L2- Managed L3- Defined L4- Qualitatively 

Managed 
L5- 

Optimizing 
 1 Tracking Progress 

2 SPM 

3 Retrospective 

4 Stand-ups (daily) 

5 Sprints 

6 On-site 

1 Definition of done 

2 Stories 

Nil. 

 

1 CI 

 

Table 9: M7. SMM 
 
Some Important Conditions Mentioned by The Author 
 
1. It is mandatory that stand-ups are performed daily. 
2. The team is not interrupted by outsiders during sprints. 
 

4.1.2.8 M8: Agile Scaling Model (ASM) [57] 
 

ASM was published in 2009 by Scott Ambler. It was aimed at improving agile adoption by system 
delivery teams. ASM has 3 scaling categories: 
 
1. Core Agile Development 

There are different agile methods such as XP and Scrum. The team chooses one particular agile 
method and implements it. However, the author suggests that these methods aren’t self-sufficient. 
Additional practices have to be borrowed from other methods to satisfy the requirements of teams.   
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2. Disciplined Agile Delivery 

This stage involves going beyond the core agile methods adopted by the teams and trying to adopt 
additional practices that are deemed fit to address the complexities of solution delivery. This stage 
covers the whole development lifecycle¾from inception to production. 
 

3. Agility at Scale 
This stage builds on level 2, by implementing 1 or more scaling factors. There are 8 scaling factors 
such as Team Size, Organisation Complexity etc. Each of these factors is scaled from simple to 
complex. This simple-complex scaling is done for all 8 scaling factors. For example, 
 
3.1. Team Size 

Agile works best for small teams of 10-15 people and as the size increases, problems increase. 
Team size scaling factor has ‘under 10 developers’ as simple and ‘thousands of developers’ 
as complex.  

 
 
The author suggests agile practices for different agile methods. After analysing the model, the 
following agile practices have been derived below: 
 
L1- Core Agile Development L2- Disciplined Agile Delivery L3- Agility at Scale 
1 SO 

2 SPM 

3 Stories 

4 FF 

5 (Daily) stand-ups 

6 Sprints 

7 Retrospectives 

 

1 SIFR 

2 CI 

3 Coding standards (CS) 

4 PP 

5 Refactoring 

6 TDD 

Nil. 

Table 10: M8. ASM 
 
The author states that these practice lists aren’t complete. 
 

4.2 Case Study 
 

4.2.1 Data Analysis 
 
6 Interviews were conducted in total. The interviews were long and were conducted until all the topics 
were sufficiently discussed. The interviewees were enthusiastic and were happy to elaborate and 
discuss topics in detail. The duration of the interviews differed for each interview¾from 50 mins to 
1hr 30 mins. 4 out of 6 interviews lasted over an hour. The following are the details of the 
interviewees: 
 
S.no. Member ID Designation Experience 

Working in the 
Team. 

Description 

1 Member L Team leader About 10 Years Leading the team such as by looking for new 
technologies and implementing them for the 
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product. 
2 Member E Software 

Developer 
3.5 years Also involved in team leader activities such as 

planning, participating in external team 
activities etc.  

3 Member P Developer & 
Integrator 

3.5 years Primarily involved with integration and 
secondarily, a developer. Looking at different 
studies, components, technologies and 
implementing them in the team. 

4 Member M No specific 
designation 

About 10 years Creator of the team, has been involved in all 
activities of the team throughout. 

5 Member V Back-end 
developer 

About 6 months Primarily involved with cloud and virtualisation 
platforms. Mostly associated with Openstack 
deployments. 

6 Member X Software 
Developer 

2 years Is a developer and is involved in the ‘update’ 
aspect of the team. 

Table 11: Interviewees 

4.2.1.1 Transcription  
 
The interviews were recorded and were then transcribed. The usual process of transcription is listening 
to the audio recording and writing them down. However, the author felt that this process would be 
time taking. In an attempt to make it more efficient, the author used Google voice recognition. The 
Google voice recognition was started on a mobile device. The slowed down interview audios were 
then played over earphones. Then the author repeated the conversations in the interview to the Google 
voice recognition. This way, the dictation was converted into text. This text was then exported to a text 
editor on a computer. Basic editing was done to the text. Then the interview audios were played once 
again and corrections were made to produce the final transcripts.  
 
The interviewees often spoke in run-off sentences. The punctuations were carefully done to make sure 
the meaning wasn’t distorted. The difference in accents slowed down the process. Some phrases were 
found unintelligible. The transcription has followed the naturalised transcription approach [43]. 
However, while representing them in this document, minor changes of purely grammatical nature have 
been made for the ease of readers. 
 

4.2.1.2 Open Coding  
 
After the process of transcription, the transcripts were transferred to a software called Qualyzer.  
Qualyzer is a data analysis tool that can be used to perform transcription and coding. The transcripts 
were overviewed in order to gain more familiarity with the data. Then, the process of coding was 
performed on the transcripts sequentially. The basic structure of the interviews was to discuss all the 
practices. For each practice, the questions were about its procedure, change in implementation over the 
time, merits and demerits¾the way it was being implemented and if the interviewee saw any 
dependencies between practices. Codes were assigned to parts that were interesting or relevant or had 
ideas of value.  
 
During the process of coding, the author could recollect the voices of the interviewees while going 
through the transcripts. However, the interview audios were played along while coding. This 
contributed towards improving the coding process. There are two approaches to coding¾one could 
either code line by line or by ideas/ concepts [46]. The latter one was chosen because coding line by 
line, as also argued by [46], is arbitrary because a line could vary based on the window size, screen 
size, font etc. The coding process resulted in several codes. For example, 
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Figure 3: Open Coding 

4.2.1.3 Axial Coding  
 
Axial coding is arranging the codes into categories. The strategy is to understand the use of each 
practice in the team and finding out the dependencies between them. The codes were organised into 
categories of practices. Each practice category had subcategories of procedure, change in 
implementation over the time, suggested improvements, advantages and disadvantages of those 
practices etc. The elicited dependencies from the interviewees were put under a separate category. 
Majority of the data has been organised this way. For example,  
 

 
Figure 4: Axial Coding 

4.2.1.4 Validation of Results  
 

4.2.1.4.1 Measures Taken Before Interview  
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1. Data Source Triangulation  
In this study, diverse individuals have been interviewed (refer: table 10). 
 

2. Method Triangulation 
The data was collected using agile practices timeline sheet (Appendix 1) as well as through 
interviews (audio recorded). 

 

4.2.1.4.2 Measures Taken During Interviews 
 
Majority of the team has been interviewed. The interviewee’s responses about issues have been 
constantly checked for contradictions with other interviewees. In this study, although each interviewee 
gave a different perspective on an issue, there rarely were any contradictions between them. However, 
in the few times that were, the interviewees were asked probing and interpretive questions¾probing 
questions are questions that seek more elaboration about the issue being discussed; interpretive 
questions are questions where the interviewer presents their interpretation on the issue based on their 
knowledge and seeks confirmation [39]. If it were still not clarified, then they were informed about the 
contradiction. The interviewee would then clarify it. The issue was discussed until the researcher 
believed that the contradiction had been resolved. Further, these issues were brought up and then 
confirmed with the next interviewees. This helped in validating the data.  
 

4.2.1.4.3 Measures Taken After Interviews 
 
During the stage of data analysis, one contradiction was found¾an interviewee stated that the Team 
counted 1 person less in SPMs to have it as an offset against the unplanned work that occurred during 
the sprints. However, another interviewee stated that the Team didn’t allocate any buffer time for the 
unplanned work. 
  
“I think it's good for us if we plan some sort of buffer timing for trouble reports [unplanned work] but 
we usually don't do that.”  
 
To resolve this, the other interviewee was directly contacted. It was clarified that the interviewee had 
meant that the Team didn’t allocate sufficient time for unplanned work and that it should be increased. 
If significant contradictions were to be found during the analysis phase, there was a possibility for an 
additional interview. However, there were no significant contradictions found. 
 
Point-of-contact 
The interviewee has been contacted over the phone for clarifications and confirmations as and when 
deemed necessary. Since the conversations were brief, the information was recorded through note-
taking. 
 

4.2.2 Case Study Results 
 

4.2.2.1 Agile Practices 

4.2.2.1.1 Implementation Order 
 
The interviewees were given a timeline sheet that consisted of the agile practices, their definitions and 
timeline (attached in Appendix 1) prior to the interview. The interviewees had to select if a practice 
was ‘used/never used/don’t know’ and then had to mark the periods in which those respective 
practices were used. This helped to determine the order of adoption of practices. A consequence was 
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that the interviewees were familiar with the practices and their definitions considered for this study 
prior to the interview. This helped ensure that the terms used were univocal. 
 
Since all the practices were adopted at least 3 years ago, the interviewees had to recollect when each 
practice was introduced in the Team. Therefore, there were variations in their responses. Four out of 
six interviewees weren’t present in the Team since the beginning. Hence, complete information 
regarding practice adoption couldn’t be obtained. Two members (Member L and Member M) were 
part of the Team from the initial years. Member M expressed he wasn’t certain while member L was 
certain. Hence, member L’s (team leader) markings were considered. The following is the agile 
practices adoption order (the team started to transition to agile development in 2010):   
 

 
Figure 5: Implementation Order 

 
The distance between nodes is not proportional to the duration until next implementation. We learn 
that the Team chose to transition to agile development gradually instead of a ‘big bang’ transition [18]. 
The time of implementation for metaphors practice couldn’t be learnt. However, this practice is used 
and is present on the company’s website. Some interviewees marked TDD as used while others 
marked as not used. Its time of implementation couldn’t be retrieved as members who mentioned it as 
used haven’t been in the Team from the beginning.  
 

4.2.2.1.2 Implementation 
 
The Team supports 5 different platforms and consists of 10 members. It initially adopted agile 
methodology in the year 2010 with 2-3 members. In the year 2013, it grew to have 4 members and 
continued as a team of 4 for 4 years. In the year 2017, a similar team was merged with this team and it 
grew to a size of 10 members. The Team started off by supporting 1 platform and over the years grew 
to support 5.  
 
The Team identifies itself as an agile team. The processes of the team are in Scrum fashion. However, 
it is not strictly Scrum. As [40] pointed out, the teams in the software industry tended to implement a 
dominant agile method and then borrowed practices from other agile methods based on their context-
specific needs. For example, in Scrum, no significant changes to the ongoing sprint is allowed [3] 
whereas the Team almost invariably gets interrupted during the sprints with new tasks in the form of 
Trouble Reports (TR’s) from the customer. The Team prioritises the TRs over the tasks previously 
decided during the sprint planning meetings.   
 
The results are as follows: 
 

4.2.2.1.2.1 Face to Face Meetings 
 
Procedure 
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The Team is co-located, meaning all members of the Team are situated in the same room. This 
practice is highly implemented¾both internally and externally (with the other teams on the same floor 
that are working with the same product).	The team works closely with a department in China and they 
communicate with them through chat or video conference calls etc.  
 
The Team uses a scheduling assistant to find availability of team members and then book team 
meetings. However, the Team doesn’t schedule meetings most of the time and are open and flexible 
regarding meeting timings. People who are away can join through a video call. 
 
The Team describes itself as the ‘backbone’ of their product. So, people from other teams are often 
meeting the team members to discuss issues. Therefore, there is an active direct interaction of the 
Team members with other teams. When Team members have face to face meetings with people from 
outside the Team, the members write summarizing emails after the discussion for traceability purposes.  
 
 
Change in Implementation Over the Time 
 
In the beginning, the Team members used to sit in cubicles. In 2012, face-to-face meeting practice was 
implemented. The implementation has remained the same ever since. 
 
 
Advantages of Face to Face Meetings 
 
Team members expressed high approval to face to face meetings.  
 
“That’s something we implement to a very large degree almost every day, I would say. The team sits 
together and so and its quite clear that our team sits together and its quite open in that sense.” 
“I think it's good to sit in open space environment.” 
 
The following are the reasons: 
1. Face-to-face meetings allow people to voice their opinions and/or suggestions in decisions making 

or problem-solving. 
2. Because people are co-located, people can easily approach each other and seek help and also learn 

from other people’s interactions. 
3. Quality of Decision Making: 

Usually, multiple people’s suggestions lead to a better solution than one individual independently 
solving a problem and face to face meeting practice allows for such interactions. 

4. Quality of Communication:    
The quality of communication is higher because taking face-to-face makes it easier to understand 
what the other person is trying to convey. 

5. Efficiency:    	
“I feel you get more done on a meeting if you see the persons talking to. Otherwise you can get 
confused, people don't understand what you're trying to say, and then you spend half an hour 
longer over phone instead.”  

6. After meetings such as stand-up meetings, people can continue discussing issues and others can 
join in and help solve problems.  

 
Disadvantages of Face to Face Meetings 
 
1. People can get carried away during FF meetings and can get distracted. 
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4.2.2.1.2.2 Self-organizing Teams 
 
Procedure 
 
1. Freedom to Choose: 

Team members have the freedom to choose what kind of role they would like to play in the team. 
2. Driver: 

Because the Team is big, the members struggled to keep track of different aspects of the team. 
Hence, the team introduced the concept of a Driver. Each team member is assigned an aspect. For 
example, retrospective meetings, update, upgrade, deliveries, team building activities etc. It means 
that that person has to take charge and be fully aware of those issues and keep rest of the team 
informed as and when required. 

 
Change in Implementation Over the Time 
 
1. The team used to have a member who played the role of a Scrum Master. The Scrum master had 

left the Team and the Team continued with no Scrum Master.  
2. The concept of Driver has been introduced. 
 
Advantages of Self-Organizing Teams 
 
“Since its self-organizing and its platform, we can push other stuff for a bit later and still work with 
high priority tasks and is also like you have several new tasks and you're free to pick rather than being 
said that since you are a test that you have to do this” 
 
1. Since the Team has a greater technical expertise and they’re the actors themselves, they make 

better decisions for the Team.    
2. Implementation of driver concept has made it easier to track different aspects and had improved 

efficiency. 
 
Disadvantages of Self-organizing teams 
 
None. 
 

4.2.2.1.2.3 On-site Customer 
 
Procedure 
 
1. This practice is non-existent. The team members never directly communicate with the customer/ 

customer representative. There were rare instances of interaction with the customer directly in the 
past. All communication with the customer happens indirectly. The organization has dedicated 
personnel’s who are at the customer’s site. They operate the product at the site.  
“Whatever the requirements you get or whatever the questions you have, you're only directing 
them to your systems manager who is like a point-of-contact to the external customer” 

2. After making a query, the Team has to wait days to get a response. 
3. This process is a two way¾even if the customer has some queries, he/she has to ask the point of 

contact. 
4. TPM Mailbox:  

This is another way for the customers to make queries. They send their queries to the TPM 
Mailbox. These queries are answered by the System Managers (different team) who then chose to 
forward them to the Team.  
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Change in Implementation Over the Time? 
 
No change. There is no on-site customer. 
 
Advantages of Implementing On-site Customer 
 
“I would like to have more customer interactions and that would help a lot. I would say is one thing 
that would benefit us a lot.” 
“I want on-site customer practice to be implemented. that's more of an advantage so you use remove 
all these people in between you don't have to go through them. it's a lot of time taking process.” 
 
1. Since the customer is the one who sends requirements, sometimes the customer sends vague 

requirements. In such a case, the team could directly make queries about them.  For example, 
“…implement like this? Is this what you want?”  

2. Immediate feedback to queries. 
3. Also, when they implement requirements, the implementation may not exactly be in the way the 

customer wished for. In such cases, the Team could confirm it with the customer. 
 
Disadvantages of Not Implementing On-site customer 
 
1. Late Response:   

“It’s very hard to… in the middle of implementing a new feature of the product, get the quick 
answer from the customers directly.”  

2. Technical Queries:   
The contact person is not a technical person. Hence, the Team can’t ask technical questions.  

3. Overhead & Lower efficiency:   
Mail conversations that happen through point-of-contacts are of greater overhead than if the team 
were directly speaking with the customer. 

4. Guess Work:   
Since the Team cannot get quick clarifications from the customer, Team members sometimes 
resort to guessing what the customer wants. For example,  
4.1. GUI preferences. 
4.2. Not knowing Customer:   

There were instances when the developers felt that the customer could make mistakes and the 
developers made sure to overcome them. However, the customer didn’t make those mistakes 
instead made some other mistakes which they couldn’t foresee. This is because the 
developers are not familiar with the customer. 

4.3. Wastage of Resources:   
“We may implement something that the customer doesn't want. sometimes then they come 
back again and say, ‘This was not what we wanted.’” 

 

4.2.2.1.2.4 Pair Programming 
 
Procedure 
 
No fixed time allocated for pair programming. Two people never take up tasks to implement together 
at one workstation. People pair program only when someone needs help or for code reviews or for 
knowledge sharing. If someone is stuck in a problem, another person on the team could sit with them 
and solve it.	Team members review each other’s code before checking in. The team highly values 
knowledge sharing¾that more than 1 members of the team should be fully aware of concepts or an 
aspect or a particular code. The team prefers knowledge sharing through pair programming.   
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Change in Implementation Over the Time 
 
1. Over the years, by observing the benefits, the Team has become more accepting of pair 

programming and has increased its use. 
 
Advantages of Pair Programming  	
 
1. Knowledge Sharing:   

This advantaged has been emphasized by the Team members. If a person writes a particular code 
and then he is unavailable in the future due to leave, sickness, leaves the team/ organization etc. 
And if the Team happens to find a problem with that code, the other members have to spend time 
trying to comprehend it. Instead, if another person on the Team were also involved in writing that 
code, it would make it easier for the Team. When a relatively inexperienced person is working 
with another relatively experienced person on an aspect, he could learn new things, not just about 
that particular part, but of the bigger picture. 

2. Better Solutions:   
If a person is trying to come up with a solution to a problem, often it is the case that when he/she 
discusses with another person, a better solution is found. 

3. Code Reviewing: 
“we all reviewing each other's code and that is crucial both for Learning and finding false- most 
for learning. that's another way of pair programming really.” 

 
Disadvantages of Pair Programming 
 
1. Double resources:   

The prime concern for the Team was the investment of double resource in terms of manpower, 
work done, money. The Team will only be able to take up half the user stories for a sprint which 
means they would face pressure from the top management for completing lesser user stories.  

2. There is a possibility that when an experienced and an inexperienced person are pair programming, 
the experienced person could code on a faster pace which could make it hard for the inexperienced 
person to follow. 

 

4.2.2.1.2.5 Sprint Planning Meetings (SPM) 
 
Procedure: 
 
The Team adopted agile in 2010 and it was when the sprint planning meeting (SPM) practice was 
adopted. The SPMs are conducted every 3rd week, at the beginning of a sprint. The meeting is 
conducted for 2 and half hours and is immediately followed by retrospective meeting (for the previous 
sprint). Two managers that are not part of the team participate in the SPMs¾one is the Human 
Resources Manager and the other is the Program Manager. They participate in the SPMs in order to be 
aware of the Team’s plan, budget, tasks, and requirements. The Team has the power to decide the final 
set of user stories to be implemented in a sprint. The management can only make suggestions or 
request.  
 
During this meeting, the team prioritizes user stories from the backlog, estimates man-hours etc. and 
selects a set of user stories for the sprint. The Team doesn’t always break the user stories into tasks¾it 
is done depending on the area. The Team has 2 backlogs¾one with user stories and another with TRs. 
The team plans sprints on their basis. However, there are several unplanned works that invariably 
come in during sprints in the form of TRs from the customers. The Team prioritizes TRs over sprint 
tasks. Therefore, it pauses on the tasks and starts working on the TRs. In order to be able to 
accommodate these unplanned works during the sprints, the Team assumes 1 person less while 
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planning the sprints. If the user story is bigger, the team splits them into parts and shares the work but 
otherwise, each member has their own user stories to implement. 
 
“We only book time for important ones like planning meeting where we plan all our tasks.” 
 
Change in Implementation Over the Time? 
1. It was not the case initially. Then the Team started to estimate 1/2 person less and later increased 

to count 1 person less. It was not the case initially. 
2. Previously, the Team used to convert the requirements into user stories but later a separate team 

has taken up the task of creating user stories and sending them to the Team. 
 
Advantages of SPM 
 
1. In a big team, SPM is required to plan and track peoples’ activities.  
 
Disadvantages of SPM 
 
1. The estimations of user stories could be wrong. Tasks could take longer than what it was estimated 

during the SPMs. 
 “I worked with a task where I estimated time for 90 hours including testing and everything 
but it took 5 weeks to finish it because of the reasons¾the platform reasons and all that.” 

2. The user stories that are put in Mingle (are called ‘Mingle tasks’) are too open and are not 
sufficiently precise at the moment. 

 

4.2.2.1.2.6 Tracking Progress 
 
Procedure 
	
The team doesn’t practice tracking progress practice in a serious way. 
“We don't actually track any progress, to be honest. Of course, we ask people how things are going 
and everything but there is no such tool where we say, “Okay, this has been finished for like 60% and 
40% more has to be done.” There is no such tracking. It's always the program manager that comes to 
the particular person who's driving the task to know what is going on like how things are going.” 
 
Member M, who draws the burndown charts for the team, says that the burndown charts are not often 
used. They may use them in the cases when the tasks are bigger¾tasks that are few hundreds of hours 
or take about 4 weeks which is when they ‘may’ use burndown charts to follow them up. But if the 
tasks are smaller, they try to skip it. The burndown charts are primarily intended for the management 
to monitor the Team’s progress.  
 
“these kinds of things like burn downs and all that, maybe I think as an experience but I don't care. 
but other people care, so I need to do it. but I don't care for myself. I work fast without putting time to 
write burndown charts or generate one. it's faster if you just do work. but if the work is a couple of 
hundred hours, you need to show the outside what you're doing and it's a must. but if you can skip it, 
skip it.” 
 
However, a tool called Mingle is used. The user stories decided in the SPM are then added to the tool 
and are to be updated by the members during the sprint. The tasks are classified into 3 sections: 
Backlog, Ongoing, Done. It consists of features such as the status of a task, burndown and burnup 
charts etc. The managers have access to this tool, so they can see the progress of the Team. The 
problem is that the tasks in Mingle are often too broad and sometimes could require several 
hours¾even in hundreds. So, in a way progress is being tracked but it is performed ‘pretty bad’ as a 
member expressed.  
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Change in Implementation Over the Time 
 
None. 
 
Advantages of Tracking Progress 
 
1. Lesser stress on members: 

“you are being less stressed because you have a task and you know how things are supposed to 
work and you work with it without having to stress yourself much.” 

2. “If you're not tracking then you have to just always go to the person and ask.”  
 
Disadvantages of Tracking Progress 
 
1. “We have those mingle tasks but they can be pretty open/ pretty fussy. we don't know if one Mingle 

task could actually be 100 of hours… it's hard to see where we are, if you have big ones.”  
 

Suggested Improvements for Tracking Progress 
 
1. “Have smaller Mingle tasks with fewer hours. So, we actually know when that's done completely. 

not the big ones that more or less include, I wouldn't say 100 hours but almost. It's hard to know 
where we are actually.” 

 

4.2.2.1.2.7 Refactoring 
 
Procedure: 
 
The Team plans for refactoring every sprint but doesn’t succeed in performing in every sprint and only 
performs when members have the time or see a need. If a code is to be refactored, a separate new task 
is created in Mingle instead of removing the original task from ‘Done’ section to ‘Ongoing’. 
“we plan for it but it's not happening every Sprint but we have planned for improving stuff all the 
time.” 
“If we are not occupied by something then we start doing some refactoring. and sometimes if we see a 
need.” 
“We don't always have refactoring tasks. unless it's required by someone that we have to do 
refactoring because of certain reasons.” 
 
Change in Implementation Over the Time 
 
1. The Team is planning to implement ‘Boy Scout Rule’, i.e., 2hrs/person will be dedicated for 

refactoring in each sprint. The Team would together discuss what to refactor and proceed. 
 
Advantages of Refactoring 
 
1. Mitigation of Future Problems:   

There have been instances where there was a working code that gave issues in the later months. 
Therefore, it is always best to refactor code and not merely settle for a code because it’s working.  

2. Changing State of the Art Technology:   
The Team works with the latest technology in the area of cloud. Therefore, the technology rapidly 
changes within months. So, it’s always good to revisit the old code and refactor it. 

 
Disadvantage of Refactoring 
None. 



 

37 

 

4.2.2.1.2.8 Retrospectives/ Iteration Reviews 
 
Procedure 
 
Retrospective meetings are conducted immediately after the SPMs and are half an hours long. Since 
the two meetings are combined, there is less sincerity towards retrospective meetings. The Team feels 
that this practice is not implemented well. There is a driver for retrospective who is in charge of the 
meeting. During retrospectives, each member is required to say a positive and a negative about their 
performance in the sprint. The members then come up with an action plan to overcome the negatives 
which would be followed up on the next retrospective.  

 
Change in Implementation Over the Time 

 
Initially, the Team would discuss positives and negatives in general and wouldn’t go from person to 
person. Then the driver concept was introduced and the driver for retrospectives changed the 
procedure and made it person to person. Each person was required to state a positive and a negative 
aspect of their performance. This lead to people taking more time and stressing out to state the 
positives and negatives. So, the rule was changed once; they would go person to person but if someone 
had nothing or either to say, it was accepted. Action points were also not practiced initially. It was 
introduced later. 
 
Advantages of Retrospectives 
 
1. “It's good to sit down and reflect what you have done¾good and bad. So, you don’t do it again. 

so, I think it is really important.”  
 
Disadvantages of Retrospectives 
 
1. “we usually end up saying almost the same thing as we said last time. which is in itself is bad 

because the whole idea is that you should have improved those things by the next planning or 
retrospective.”  

2. Different personalities: 
Some people are willing to share their mistakes while some are hesitant to share them. 

3. Being SPM and retrospective meetings are combined, there is less sincerity to retrospective 
meetings. If the meetings were separated, then it could get proper attention and more interest from 
the members. 

 

4.2.2.1.2.9 Short Iterations and Frequent Releases 
 
Procedure 
 
The Team has nightly releases, i.e., the product is released every night; the Team also releases after 
each sprint (3 weeks) and it is sent to an internal customer who further tests the product, and the Team 
delivers the product to the customer every 3 months. 
“in some sense we are delivering each day, in some sense we are delivering each third week, in some 
sense we are delivering each third month, and that goes directly to customer.”     
 
The Team conducts verification/ validation process for the 3rd week release. It performed by 3-4 
volunteering Team members. This set of tests are, as described by the Team members, ‘full tests’. The 
Team also tests the product for the 3rd month delivery which is called ‘random tests’. 
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Change in Implementation Over the Time 
 
1. Each time members have to go through the mundane process of test before release and delivery. 

Hence,  
1.1. The frequency of delivery to the customer was initially every 2 months. It was later 

prolonged to 3 months.  
1.2. Automation (in progress): 

The practice is in the process of changing as Team is trying to increase automation to conduct 
tests before delivery.	To overcome that, the Team is in the process of writing Ansible builds 
and automating the process. 
“After you take the delivery from build, after continuous integration you have to verify it to 
test if the product is working fine or if there are any fixes that has to be done. So, when it 
comes to that people have to put in some time to verify and now we're fixing it because we are 
writing Ansible builds. So, we’re making it automated. So, I think that issue will be fixed.” 

 
Advantages of SIFR 
 
1. Since releases are frequent (nightly releases and then 3 weeks), there is very less to test each time. 

One member gave an example, [paraphrased] if the coding was conducted for a 1 year and then 
tested it at the end of that year, there could be features that remained flawed for 8 months. Such 
situations are avoided here. 
 

Disadvantages of SIFR 
 
1. A task is required to be implemented before the release because incomplete tasks would break the 

release. So, short releases such as the nightly releases, put pressure on the developer to complete 
the task before the end of that day. This could be tough since some tasks are harder to implement 
in such a short period. 

2. Previously, the team use to deliver for every 2 months. Every time the product was released, the 
product was to be verified. Therefore, more frequent the releases, more the number of times the 
team has to perform the testing process.  
“… all we do is actually verify, verifying, verifying all the time.” 
“People have to give some time for verification and we also get bored sometimes because that's 
the same thing we have to do again and again every three weeks. That is why we are automating it 
so it's a disadvantage and we also have solution.” 

 

4.2.2.1.2.10 Simple Design 
 
Procedure 
 
This practice is not explicitly practiced by the Team. 
“We don’t think about it that much.”  
 
Advantages of Simple Design 
 

1. It’s a good practice because complex codes tend to have more bugs than simple code. 
“If you write anything complex it's harder to troubleshoot it later on. So, you want the 
simplest code possible to do. Both because you tend to write lot more or introduce a lot more 
bugs in complex code than in simple codes and it's tricky to find them. So, there is nothing 
negative of simple design I would say.” 

 
 
 



 

39 

4.2.2.1.2.11 Sprints/ Iterations 
 
Procedure 
 
Each sprint is 3 weeks long. 
 
Change in Implementation Over the Time 
 
None. 
 

4.2.2.1.2.12 Stand-up Meetings 
 
Procedure 
 
Stand-up meetings are not conducted every day. They are conducted twice a week¾on Tuesday and 
Thursday at 9:15 AM for 15 minutes. The purpose is to keep track of everyone’s status. The Team 
stands in a circle and goes from to person to answer the 3 questions: 
“What I’m working on currently? What did I work yesterday? What I’ll be working on today?” 
Depending on the person, some take 3-5 mins while some take 20-30 seconds. If someone is having a 
problem they can discuss and others who think they can help can join them to discuss after the meeting. 
However, the idea is to be brief. Managers attend the stand-up meetings as well. The top management 
sees attending stand-ups as an important activity. 
 
Other teams (development teams) in the organization do it every day but the Team does it only twice a 
week. The development teams work with business logic whereas the Team works with the 
platform¾packaging and release of the product and, therefore, doesn’t have individual programming 
tasks. The management finds its important to keep track of the progress of the Team. However, some 
members stated that they felt they didn’t really need them because they’re always working physically 
close and constantly communicating with and are able to hear each other. Team members know what 
others are doing without the stand-ups. It was stated that having daily stand-ups would be repetitive 
since people don’t make much progress in a day. Some members stated that they were somewhat 
doing it for the sake of their bosses. However, it was noted that stand-ups lead to long discussions 
about issues after the meetings. 
 
For the kind of tasks that the Team takes up, twice a week is felt to be sufficient. An example of the 
kind of statements made by the members during stand-ups is,  
“On Friday/Monday, I started working with installation of our product in Openstack by looking for 
the possibilities. I’m stuck at a problem because we add ‘so and so’ component in this cloud. So, I 
have to research a bit more and will see if I’m stuck for a long time.”  
 
Change in Implementation Over the Time 
 
The stand-ups used to be in the evenings, but after being joined by another team, it was changed to 
mornings. 
 
Advantages of Stand-up Meetings  
 
1. The Team is aware of everyone’s progress. It helps keep everyone on the same page. 

“I think it's quite good to just keep everybody in the same page.” 
2. Members can seek help from others if they’re stuck at something. Others could share their solution 

ideas and continue discussing them after the stand-up meetings. They could even solve the 
problem together by pair programming. 
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3. People who are introverted, tend to hesitate to ask for help and remain stuck with the problem for 
days. Stand-up meetings help to make such people speak up and ask for help.	It helps avoid 
situations where later into the sprint, an introverted member has been stuck and had remained at 
‘0’ throughout. 

4. The management finds it important for the Team to conduct stand-ups as a way to track the 
progress of the Team. They consider it a significant value.  

5.  “I think it's just a waste of time if you're doing it every day. Just repeating the same stuff, you 
might not have much progress in one day because it's not code that you sit and write for long time. 
It's always lots of issues so we have it on Tuesdays and Thursdays. So, the advantage is that you 
don't have meetings every day and that's an advantage itself.” 

 
Disadvantages of Stand-up Meetings 
 
1. Some people tend to take more time by being more elaborate. The Team had gotten into long 

discussions during the stand-up meetings. 
2. Stand-ups are seen as good but not critical for the context-specific needs of the Team.  

“if you're a team that is sitting all together. it's fairly easy to pair programming anyway and 
refactoring because you tend to know what everyone is doing, if you're not a super big team. I 
think our team could live without stand-ups it's good but it's not critical.” 

 
 
During the interviews, the author learnt that metaphors and stories needed to be separated as the 
responses for these practices (including their time of implementation) have been distinct. Therefore, 
metaphors and stories are separated into two distinct practices. 
 

4.2.2.1.2.13 Metaphors 
 
Procedure 
 
The Team calls the Metaphor as BUC. And they have user stories under that. 
“instead of metaphor we call it something else but… I lost the name… ‘Main requirement’ but here 
this called BUC. it's called Business Use Case. It's a metaphor and then we have user stories under 
that. So, the business use case could be on the high level and then we have user stories which is “as a 
customer I would like ___, ___, ___.” on the little bit more detail layer.” 
 
Advantages of Metaphors 
 
1. The members would be aware of the big picture of the product. Another member said, 

“Not all of us have the whole picture about the how the system looks like and at least not the full 
picture. and for our point of view or the part we are working on mostly, not every one of us knows 
how that works yet. Maybe we know different part or we don't know the full story. That could be a 
good thing to actually spread knowledge and try to understand how it works. And it will help us to 
split up when it comes to some other tasks or requirements comes in, then we have a better view of 
it.” 

 

4.2.2.1.2.14 Stories 
 
Procedure 
 
1. The Strategic Project Manager is the product owner. The product owner directly interacts with the 

customers and elicits the requirements. These requirements are called Main Requirements (MRs) 
¾high-level requirements.  
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For e.g., “we want to have IPv6 functionality instead of just ipv4” 
2. They are sent to the System Managers (a separate team). The System Managers break those 

requirements into user stories. The System Managers are not that technical but are aware enough 
to break the requirements into user stories.  These user stories are then sent put in the Team’s 
backlog.  

 
Change in Implementation Over the Time 
 
1. Previously, the product owner would send the MRs directly to the Team. And the Team had to 

divide them into user stories and distribute amongst different teams working with that product. 
Then a new team called system managers were created. Now the MRs are sent to the system 
managers who then break those main requirements into user stories and send to the concerned 
teams.  

 

4.2.2.1.2.15 Test-Driven Development 
 
Procedure 
 
The Team seldom uses TDD because they aren’t a coding team. Previously the Team didn’t have 
much code suitable for unit tests but now they are have started to think about it. The old code isn’t 
suitable for unit tests. So, it’s hard to cover the old code. One member felt that they only had about 
30% test coverage.  
 
Is TDD Not Practiced? 
 
This practice is disputed between interviewees. Some members stated that they used TDD while others 
stated that they didn’t. The interviewees who played developer roles stated that they use TDD. They 
stated that, since they were working with the whole, it’s hard to write tests and then implementing the 
whole part. It becomes very big and would end up being a very time taking process. TDD is not 
feasible when close to the hardware. It’s quite hard to do TDD in that level. However, TDD in some 
parts is possible and they are doing TDD for those parts. 
 
“I think in the business logic it's more feasible¾test-driven. But not when you are too close to 
Hardware, it's quite hard to do test driven. but some parts you can do it and we are doing it some 
parts.” 
 
Change in Implementation Over the Time 
 
The old code is not written in a testable way. Now, for the new code, the Team is writing unit test 
cases by following coding rules.  
 
Advantages of TDD 
 
1. It helps in writing better code and testable code. It’s more organized that way. 
 
Disadvantages of TDD 
 
1. It’s opposite to the regular way of coding. Hence, one needs to change the mindset which requires 

some time to adjust and implement.  
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4.2.2.1.2.16 Continuous Integration 
 
Procedure 
 
1. Every time someone checks in the code, there are smoke tests performed (a subset of all tests). 

The code goes to their build system where certain tests are run. The build system then builds a 
new product. This happens multiple times a day. 

2. Every night full tests are run that take either 4hrs or 12hrs. It consists of several of tests e.g.- 
robustness test, rebooting one server and check if one can still run traffic against the cluster, 
cluster test, installation test, upgrade test, business logic test.  

3. During the day, there are lesser tests when compared to the nightly tests. This is because, during 
the day, the Team needs short feedback loops. Hence, when the new code is checked in, few tests 
are run. These tests are more in the functional layer¾the non-functional part is done in the nightly 
tests.  

4. There is a dedicated team that checks CI. One member from each team goes to the CI meeting. 
The CI team explains which builds were red and which were green and sort out which one belongs 
to which team.  

 
Change in Implementation Over the Time 
 
1. Automation: 

The Team performs installation, update, and upgrade. It only has automated testing for installation 
for all platforms. It aims to automate update and upgrade as well. Currently, the Team performs 
manual tests for upgrade part for all platforms and for each release which is a time taking process. 
Additionally, if there is a problem during testing that leads to the upgrade process’s failure, it’s 
hard to locate the problem because the problem code could be from 2 months ago. Therefore, the 
Team is trying to have nightly releases by automating Upgrade as well. This would make locating 
problems easier.  

2. Builds: 
There are more builds and test cases today than there were in the past. Today, teams can start their 
own builds which weren’t the case in the past. CI team ‘governs’ a certain number of those builds.  

3. Phasing Out Bash Scripts: 
About 8 years ago someone decided to automate and hence, wrote quiet big bash scripts 
combining everything. In the following years, member M joined and switched the architecture and 
rewrote everything with the new bash scripts that allowed for automated installations. Then again 
in the later years, the Team decided that merely building software wasn’t enough, it was to be 
released to the customer as well. Then the Team switched from bash scripts to Python¾because 
bash is a mess when it becomes huge. Now, the Team has software that builds on every commit.  

 
Advantages of CI 
 
“If we didn't have our CI environment, we would have let through so many faults. So, that is 
absolutely critical for our application because it's very big. So, it's impossible for even if all hundred 
and whatever we are combined with this Chinese department we're testing our product everyday all 
day, we will not be covering all the possible fault cases. So, that one is absolutely critical.” 
 
1. Cheaper: 

The Team has several platforms, and to release to the customer, they have to test them all which 
would be a highly expensive undertaking if manually performed by the Team. 

2. Lesser Faults: 
Without the CI environment, there would have been so many faults let into the product. The 
product is so big and it is constantly being tested all the time with the help of CI environment. 
Without it, covering all the possible fault cases wouldn’t have been possible which is very critical. 
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Disadvantages of CI 
 
1. The Team’s product is changing and they’re supporting more and more platforms. However, there 

is a lack of tests for some of the newer features in CI. On the other hand, if the CI environment 
keeps growing too big, it can get ‘messy’. 

2. For New Comers:   
The newly joined Team members would find it hard to comprehend because the current CI 
environment is ‘too big and too hard’. If they open the Jenkins page, they would find 100’s of 
builds and when they make changes, they will have to keep track of those changes.  

3. CI dependency:   
Teams on the same floor are dependent on the CI environment, meaning that if someone makes 
inappropriate changes, everybody on the floor would be affected¾people can’t check the tests and 
its complex and tough to troubleshoot it.  
“if you're changing some parts of the product, it can break the whole CI environment.”  

4. Feedback:  
During the day, when check-ins are made, it takes an hour to get feedback. Member X felt that the 
feedbacks have to be faster. If there is a major change checked in, it could break integration and 
that even leads to CI being broken for 2 weeks. So (fast feedback and) “valid integration” is 
needed in order to prevent the pushing of problematic code.  

5. Abandoned Builds: 
Teams can start their multiple own builds. Sometimes when the build is red, instead of fixing them, 
the team simply abandoned them. And that build remains red forever. Peter says that the teams 
should remove such builds although it is hard to remove them. 

 

4.2.2.1.2.17 Coding Standards 
 
Procedure 
 
1. Sonar: 

The coding rules are partly set by the Team and partly set by the community. Several coding rules 
have been added by the Team. Coding standards are party enforced using a tool called Sonar. The 
code can’t be checked in if it’s not following the coding standards. So, this part is automated.  

2. When programming in Python, the Team requires the members to use a certain framework and 
coding rules. 

3. Some parts of the product have coding rules, some parts don’t. There are rules for important and 
newer parts of the product. 

 
Change in Implementation Over the Time 
 
1. The Team has been using Sonar for ‘quiet sometime’. Many new rules might have been added 

over the time but the process of using Sonar hasn’t changed significantly. 
“A lot of rules have been added otherwise has been improved a lot.” 

2. Since around 2015, the members were ‘forced’ to follow coding rules in order to push their code. 
However, if they managed to check-in code that didn’t adhere to the rules, the next layer of 
testing-manual code reviews.  
“We more or less force people the latest 1-2 years perhaps. Force them. They can't push any code 
if they don't follow code standards in some parts of our product. So, all the new things we are 
doing is better than old things of course.” 

 
Advantages of CS  
 
1. Sonar helps stop ‘bad code’ from getting into the codebase.  
2. Uniformity: 
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Different people code in different styles. For e.g.- some people like to be a ‘one-liner’ and some 
people like to have object-oriented while some want to have functions. this will cause troubles for 
understanding. Hence, having CS is good. 

3. Reviewing: 
It’s easy for others to understand and review one’s code.  

 
Disadvantages of CS 
 
None. 
 

4.2.2.1.2.18 Collective Ownership 
 
Procedure 
 
1. There are two parts of the code. One part can be freely changed while the other has strict control 

on change. The part that can be changed freely is the non-functional code etc. The part that has 
strict control is the repository which is assembled for the whole product. It is critical and 
‘messing’ it up would be severe. So, one requires an approval from an architecture team to make 
changes.  
“Most of the code everyone can change but not all the code.” 

2. Two people on the Team have the feature of receive Email notifications when someone makes any 
change in their repository.  

3. The code changes by other members are made regularly and a team member state that if CO is not 
practiced it’s a negative. 

 
Change in Implementation Over the Time 
 
None. 
 
Advantages of CO 
 
1. Simple: 

“I think collective ownership is a good thing. If you don't have to take permission then it's a good 
thing otherwise what if the person leaves the company? how would you contact him?” 
“I'm working on the update now and if I need to change things in three or four repositories at the 
same time to [align] them, then I don't need to go into three rooms asking for permission and 
that's quite good.”  

 
Disadvantages of CO 
 
1. Once someone makes a change to the code, they should take the responsibility of following it up. 

However, people tend to leave it there after making the changes which it makes it hard to figure 
out what happened. 

2. It happens that a person misunderstands and changes someone’s code and it leads to problems. To 
avoid such cases, an interviewee suggests that members should have a talk with that person before 
changing the code.    

 
 

4.2.2.1.3 Additional Methods/Practices Implemented by the Team 
 
There are two additional implementations by the Team that haven’t been initially considered for this 
study. They are as follows: 
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4.2.2.1.3.1 Definition of Done 
 
Definition of Done is an agile practice. The Team is trying to have definitions of done for user stories 
and tasks. The interviewee stated that it was hard to define ‘done’. For example, a task is estimated to 
take 20 hours but how good should it be made? One could spend several hours trying to make the code 
better. These confusions were expressed by an interviewee. So, the Team is trying to define ‘done’ for 
tasks. This practice is at early stages. Although it is yet to be recognized as a distinct agile practice by 
the Team, they have recognized its importance and has made sure to define ‘done’ for their 
stories/tasks. An interviewee stated that it was important for the Team. 
 
“When you have this in place and this is working, then you should close this task. If you need to do 
something more then you need to create a new task for that.” 
 
“we are also starting to do this Definition of Done in our tasks more and more which is like okay 
when you have this in place and this is working, then you should close this task. if you need to do 
something more then you need to create a new task for that because otherwise you sit with the same 
task for I don't know how many hours.” 
 

4.2.2.1.3.2 Kanban  
 
Procedure 
 
Kanban is an agile method. A group of teams that work with the same product have a common 
Kanban board. This board consists of the TRs reported by the customers. There are daily Kanban 
meetings conducted in the mornings. One representative from each team attends the meeting. In this 
meeting, the members assign TR tasks to the appropriate teams. Member M said he worked with 
unplanned tasks (TRs) 80-90% of the time.  
 

4.2.2.1.4 Dependencies  
 
During the interview, the interviewees were asked if they thought there existed any dependencies 
amongst practices. In this research, for a dependency to be considered, at least one interviewee has to 
mention the dependency and provide sufficient information to justify it. The below are the agile 
practice dependencies elicited from the practitioners. The practice dependencies are indicated with 
arrows. The practice that is at the arrowhead is the practice that is dependent on the practice on the 
rear end. This means that the practice at the arrowhead requires practice at the rear end to be present. 
If there are arrowheads on both sides, it is the indication that both the practices require each other.  
The below are the agile practice dependencies elicited from the practitioners. 
 
1. CI —> SIFR 

“It would not have been possible for us to actually release every night as we do and fully test or at 
least almost fully test the product if we didn't have continuous integration. most definitely a strong 
dependency towards frequent releases.” 

“You could do most of the things without continuous integration but it wouldn't work when you deliver 
it to customer.  All of these things tie in… sure, you can still plan, you can still do all the sprint 
plantings stuff, you can do pair programming without the CI environment but it all leads down to ‘is 
your stuff working in integration with the rest of the product?’ And for that to be feasible to test such a 
big product as we have, you need some kind of automated testing in the sense continuous integration 
through Jenkins.”  
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2. CI —> Coding Standards 

The Team uses CI practice to enforce coding standards.  

“It actually ties into the continuous integration because we can’t push code which is not passing the 
code standard rules that we have set up. So that is at least partly automated as well. we are enforcing 
these code standard rules through our CI environment.” 

“I would say that it's tricky to have the code standards if you don’t have continuous integration 
because otherwise you can push whatever you want…at least and that’s what we are enforcing 
through continuous integration here.   We have this review build where you check in the code and it 
goes through certain amount of review it. It complies the code, it runs the static analysis of it and so 
on. If it's not good enough you won't get it in. And without that one, you can push whatever you want 
because they will not always be someone standing behind you and looking at the code. And for a big 
project as we have or product, it’s impossible to have manual code review for everything. Because 
that would mean that 50 developers are sitting here and pushing code and other 50 to review that code 
all the time. Half the force is only reviewing what other half of it. So, I would say it's quite strong 
dependency towards continuous integration that you can automate this code standard process.” 

 

3. PP —> Simple Design 

“It could be both features that we are implementing and bug corrections. Usually, if it's a little bit 
more complex than usual and we do it to a degree but I would like to implement it more actually but… 
so we have like rules and we should talk to each other when it comes to like, ‘Okay, I will implement 
or fix this particular bug and it's a bit complex so please sit with me and do it.” And that's knowledge-
sharing as well and that's the positive thing with pair programming as well. You get 2 or 4 eyes to 
look at the problem or mention solution to a... something you should implement are almost always 
becomes better than if you're alone, you're sitting and usually come up with some kind of solution in 
your head and then you go for that no matter what. if you have another person sitting next to you, they 
can comment on that “maybe you should give up this idea now and do like this instead because this is 
better” 

 

4. FF —> Simple Design | 5. SPM —> Simple Design    	

 “Sprint planning and face-to-face meetings I would say [dependency to Simple Design]. because it's 
when we do the Sprint planning the task that we should implement and so on and that's usually when 
you try to come up with the solution for problems.”     	

“Having face-to-face meetings while you're planning and coming up with the simplest design.”	

“So, the simple design, there is nothing as such in written saying that ‘Okay this is the simplest design 
that we could do for this particular task so go with it.’ But it's always like ‘Okay. I think this can be 
done and I think this can be done.’ So, then we escalate discussions and that can be done with face-to-
face meetings. So, I think this is a bit relevant to face-to-face meetings.”  

 

6. FF —> Pair Programming 

The author/ interviewer after listening to the description of the procedure of pair programming, asked 
an interpretive question [39] if there existed a dependency between FF and pair programming. And the 
interviewee said yes.  The Team initiates pair programming through face to face interactions.  
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7. Stories —> SO    	

“Self-organizing cross functional¾I mean that's also [a dependency with stories]. Someone takes 
running tasks another takes another.”  

 

8. Stories —> SPM  	

“For you to do this breakdown of tasks you need to have a Sprint planning because that's where you 
are breaking down the tasks usually.”  

“We had something called MRS: Main requirements and then we were trying to sort it out of 
ourselves. now we have an organization's like system management that takes… we have on the top 
level the one that is talking to the customer. She [unintelligible] project managers, they’re fetching 
what you want to do. Of course, we had that before but they were like putting requirements directly 
into us and we should break it down to the teams. now we have an organization like system managers 
that is trying to break it down to user stories and I think that it's better now, that the way we do it now. 
So, we as a team decide the tasks and more efficiently than we did before when we didn't have the user 
stories, we only had the requirement on the top level. So, I think it's better.” 

 

9. Stories —> Tracking Progress  	

When asked for dependencies for stories, an interviewee answered tracking progress. 

“I think we could have, as mentioned, smaller mingle tasks with fewer hours. So, we actually know 
when that's done completely. Not the big one that more or less includes, I wouldn't say 100 hours but 
almost. then it's hard to know where we are actually.” 

 

10. Pair Programming <—> Refactoring        	

“I think never you should sit alone and take something that we might think is bad and take your own 
decisions of what is good and try to refactor it. You should always be at least two persons that takes 
that decision.” 	

“For my personal experience as well, if you refactor something alone, it usually doesn't end up as 
good as you thought it would be from the beginning.”  

 

11. Sprints —> SPM  	

“If I change my sprint frequency I would change my sprint planning.” 

 

12. Stand up —> Pair Programming | 13. Stand up —> refactoring  	

“So refactoring and pair programming tends to come from meetings like the stand-up or other 
planning meetings as well but those are probably the largest dependencies I see. It [unintelligible] 
pair programming and refactoring¾the stand-ups” 

 

14. SPM —> Tracking Progress    	

“Mingle which I think it's a good tool that we put in after our planning meeting we have a lot of tasks, 
we put this tasks into the mingle. We put it in the backlog in the Mingle, and you can just go in and 
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pick the task so that is good and you can see and also the managers can see our burn down chart. If 
you're not doing what we should, they can see you are not going to be finishing in time.” 

 

15. SPM —> SO  	

“We do this [SO] once every 3 weeks in our planning meetings where we have a list of things to be 
done from the managers and we also have a list of trouble reports that we go through every week.”  

“Like I mentioned when I was talking about self-organizing cross-functional team, so this is where we 
do all the organizing in our Sprint planning meetings.” 

 

16. SPM —> Refactoring  	

"We have we want to have something that we call Boy Scout rule. We plan actually put together a 
certain amount of time each Sprint for refactoring.” 

 

17. SO—> Retrospective 

 “We did rewrite how we should do retrospectives and that included like going from one person to 
another one. It also included actually me being the responsible of retrospectives. So, there is like one 
person that is responsible for it. So, we more or less scrapped how we did it before and came up with 
a new plan which is working good”  

  “March something introduced this driver concept because previously retrospective for us was like 
people sitting together try to come up with some idea and talk. And usually they don't actually end up 
very well. you have a lot of few results. Good things¾a couple, bad things¾still the same that's the 
last one. it's not really organized in that way. but since we introduced this driver concept. And then we 
actually have one person trying to summarize things from the last Sprint, and then try to see what we 
have improved and what we haven't achieved yet. So that might actually help us to make the 
retrospective more valid.”  

 

18. Onsite —> Stories 

“To have more communication directly with the customer when requirements are coming in. it would 
be much much easier to know because it could be that day they've made a vague requirement. And we 
are trying to implement something and when it comes to the customer, it's not exactly what they want. 
So, I would like to have more customer interactions and that would help a lot. I would say is one thing 
that would benefit us a lot.” 

“I don't actually understand the reason for this because it's a good question. It's much easier when 
you have communication with the customer that has put requirement on us to rely on them ‘Is this 
what you really want I mean unintelligible Implement like this is this what you want.’ For some 
customers we had it like that for most we don’t. I would like to have it more.” 

“I can speak for most of our team as well, is that it would be very good to have close communication 
with the customer¾direct feedback. To send message or call them all whatever and get the feedback 
directly just a straight question ‘Do you want this? Yes or no?’. Here it's usually days before you get 
proper answer that you want.” 

“I was talking about in face-to-face meetings that you can see, I'm presenting something to them ‘This 
is how we it would like to implement something.’ You can see on them and you can hear in their 
response “Okay, that's this is something I like.’ or ‘This is not something we expected from you, please 
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change to this instead.’ Not having that, only having like mail conversations that usually comes from a 
middleman that is [company] tends to get. I mean there's a lot of overhead there.” 

“It's a little bit bad but if we don't really know what the customer wants or what customer think of. 
That has actually been causing a lot of... because we are here, we are just guessing a little bit 
sometimes when it comes to the interface or when it comes to how the customer would think¾we are 
just guessing.” 

“It is disadvantage because we have to always… I mean the point of contact need not be a technical 
guy most of the time and you being a developer, it's not always high-level questions that you have. You 
also have some technical questions that you want to ask to a technical guy from the customer site but 
that's not the case usually.” 

 

19. PP —> Simple Design 

“You get 2 or 4 eyes to look at the problem or mention solution to a... something you should 
implement are almost always becomes better than if you're alone, you're sitting and usually come up 
with some kind of solution in your head and then you go for that no matter what. If you have another 
person sitting next to you, they can comment on that ‘maybe you should give up this idea now and do 
like this instead because this is better.’” 

 

20. FF —> Stand-up 

“Normally, we end up in big discussions about how we can solve things which we shouldn't be doing 
in a stand-up. But still the discussions continue after the stand-up, “Okay, I have this problem’ and 
then someone says, ‘Have you tried to solve in this way?’ And after the standup meeting, we continue 
discussions. We can lift up problems and everyone can participate and solving that and that wasn't 
possible before, when you were sitting in your own cubic so.” 

 

The following is the list of dependencies found: 

1 CI —> SIFR 

2 CI —> Coding standards 

3 PP —> Simple Design 

4 FF —> PP 

5 SPM —> Simple Design 

6 Stories —> SOCF 

7 Stories —> SPM 

8 Stories —> Tracking progress 

9 PP <—> Refactoring 

10 Sprints —> SPM 

11 Stand-ups —> PP 

12 SPM —> Tracking progress 

13 SPM —> SOCF 

14 SPM —> Refactoring 

15 SOCF —> Retrospective  

16 Definition of done —> Tracking progress 

17 On-site customer —> Stories 

18 Stand-ups —> Refactoring 

19 FF —> Simple design 

20 FF —> Stand-up 

Table 12: Case Study Dependencies 
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4.2.2.2 Development vs Operations Teams 
 
There were differences pointed out by interviewees regarding the differences in their practice of agile 
with other development teams in the organisation.  
 
1. Sprints/Iterations 

It was stated that there was a significant difference in the number of unplanned tasks that flowed 
in during the sprint when compared to the development teams in the organisation. 
 

2. Stand-up Meetings 
It was stated that the Team conducted stand-ups twice a week while other development teams 
conducted stand-ups daily. Being an operations team, twice a day was found to be appropriate for 
its context-specific needs. 
 

3. TDD 
The Team doesn’t practice TDD as much as the other development teams in the organisation. 
“In the development team they are more tests driven than we are doing in our team.” 
 
“yeah it depends on not our team but since we are not a normal development team, this is 
operational devops team. I would say. if you have that interview with the one of the development 
teams, they have to write test analysis prior to the doing implementation.” 
 
“If it is development, if it is a code, then we test it. we don't have unit cases because we don't do 
much of Java development but we have test for everything.” 
 
“if we're development team, then we need to develop new features. Normally we have, for example, 
if like I said is the installation, upgrade, migration, we have certain test that we should do when 
we test or implement upgrade, migration. So, we have a certain test that we should pass when we 
do our stuff. So, in the development team they are doing more tests driven than we are doing in 
our team.” 

 
4. Responsibility  

 “I mean we're doing a lot of stuff in our team. It's not like development team like, "Okay, fix this 
functionality or fix this TR or whatever." This is more like... I don't know if you know what we do 
in the team it's upgrade update and stuff and also both native and the cloud virtualization. Pretty 
big team in the sense of our responsibility.” 
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5 ANALYSIS AND DISCUSSION 
  

5.1 Additional Methods/Practices Implemented by the Team 
 
The Team uses Definition of Done and Kanban of agile teams. These haven’t been initially considered 
for the study. Hence, they are considered before proceeding to the evaluation.  
 

5.1.1 Kanban of Agile Teams 
  

In the case study, it is found that a set of agile teams work on the same product and together follow 
Kanban. Kanban is not implemented within teams but for a set of teams where a team is a unit, not the 
members. The focus of this case study is a team. This is not a practice but an agile method. For these 
reasons, it cannot be added to the practices set. 
 

5.1.2 Definition of Done (DD)  
 
The description of this practice in the literature is as follows: 
When a user story/increment is marked as ‘done’, everybody should know what is meant by ‘done’, 
what constitutes a done. A team should expand and set a more precise criterion as the team matures 
[58] gives a detailed example of a team demonstrating the evolution of Definition of Done practice as 
the team matures and [59] performs a systematic review on the use of Definition of Done by different 
teams in the industry. 
 
The Team has recently started the use of Definition of Done and is still in its early stages. From the 
interviewees, it can be learnt that the Team tries to have a specific Definition of Done for each user 
story/task whereas in the examples presented in [58], [59], show that the studied teams generally have 
common criteria for all user stories/ tasks. This is the difference in implementation. However, from 
[59] we learn that difference in implementation is expected since it is context-specific. 
 
This practice is added to the agile practices set considered for this study. 
 
Below is the dependency elicited for the Definition of Done: 
 
Definition of Done —> Tracking Progress 
 
“I think so, we can track and get traceability of our backlog those should be two different tasks. If I 
finish implementing this method for this feature then that is done. If the day after I decide that it's not 
good enough, me personally at least wants to not move the task that is done back. I create a new one 
that explains the problem why the first one was not done properly and the new Definition of Done and 
start to execute and log time on that one instead.” 
 
 
The addition of a Definition of Done practice along with the separation of metaphors and stories into 
two distinct practices makes it a set of 19 agile practices. 
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5.2 Assimilation of Agile Practices 
 

Implementation of an agile practice is not as simplistic as ‘implemented’ or ‘not implemented’. When 
practices are implemented in a team, they are not implemented at their best from day 1. All agile 
practices go through a ‘journey’¾both during pre-implementation and post-implementation. For 
example, in [58], the implementation of Definition of Done was shown to have improved in a team 
over the time. In the Team, the implementation of CI was observed to have improved significantly 
over the time. This phenomenon is known as ‘innovation assimilation’¾where agile practices are the 
innovations [13], [24], [60]. [24] presents this assimilation of agile practices in 6 stages: 
 
1. Initiation: 

The void or problem is identified and is matched with a practice. 
2. Adoption: 

The decision is made to implement the practice. 
3. Adaptation: 

The practice is adopted in accordance to the context-specific needs. 
4. Acceptance: 

The practice is implemented but not routinely.  
5. Routinization: 

The practice is endorsed by the whole Team and is used routinely. 
6. Infusion: 

Greater integration, efficiency and sophisticated use. 
 

These stages indicate to what extent agile practices have assimilated into a team. The following is the 
summary of the assimilation of agile practices in the Team: 
 
SN Agile Practice Practice Usage Assimilation 

Stage 

1 Face to face 

meeting (FF) 

Highly approved, endorsed by the whole Team and used 

intensely (members are very interactive). 

6. Infusion  

2 Self-organising 

teams (SO) 

Endorsed by the whole Team. The Team has a deep 

customized use¾the members are not confined to their 

roles, they have the freedom to choose, and with the 

introduction of the driver concept. 

6. Infusion 

3 On-Site 

customer 

(On-site) 

The Team has identified the problem and has identified 

this practice as its solution. However, it has almost never 

been implemented due to organizational reasons.   

1. Initiation 

4 Pair 

programming  

(PP) 

Implemented but only on an ad hoc basis. Two people 

never take up tasks together. It is limited to code reviews, 

refactoring, knowledge sharing, and when someone needs 

help. 

4. Acceptance 

5 Sprint planning 

meeting (SPM) 

Endorsed by the whole team. The Team conducts it 

regularly and with customizations¾the stories are sent to 

the Team, the Team has 2 backlogs, and the Team creates 

6. Infusion 
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a buffer for upcoming unplanned tasks. 

6 Tracking 

progress (TP) 

Implemented but not consistently. Not all members 

endorse this practice. 

4. Acceptance 

7 Refactoring Implemented but only on an ad hoc basis. 4. Acceptance 

8 Retrospectives Endorsed by the whole team. The Team conducts it 

regularly but the members are not satisfied with its 

implementation. It is in the process of improving.  

5. Routinization 

9 Short Iterations 

& Frequent 

Releases (SIFR) 

Endorsed by the whole team. The Team releases 

regularly¾every day, every 3rd week, and every 3rd 

month. This practice is well integrated with respect to the 

rest of the organization. The Team is currently automating 

the process of testing for 3rd month releases. 

5. Routinization 

10 Simple design  

(SD) 

The Team doesn’t see it as a distinct practice. Not used 

11 Sprints/ 

iterations 

Endorsed by the whole team. The Team uses it regularly 

and consistently. It is well integrated with the rest of the 

organization. However, some members expressed the need 

to change the sprint duration. 

5. Routinization 

12 Stand-up 

Meetings 

(Stand-ups) 

Regularly used. However, the Team is divided on its 

endorsement. Some state that it’s good but not critical 

while another member stated that it was important.  

4. Acceptance 

13 Metaphors The product that the Team is working on has a metaphor 

but is taken care of by other departments in the 

organization. The Team is not involved. 

Cannot be 

determined. 

14 Stories Endorsed by the whole team. The Team uses it regularly 

and consistently. 

5. Routinization 

15 Test-driven 

development 

(TDD) 

Not Endorsed by the whole team. Some members use it on 

an ad hoc basis. 

4. Acceptance 

16 Continuous 

integration  

(CI) 

Highly endorsed by the whole team. The Team uses it 

regularly, consistently and intensely. 

6. Infusion 

17 Coding 

standards 

(CS) 

Endorsed by the whole team. The Team uses it regularly, 

consistently and has improved over the time in terms of 

enforcing them and addition of coding rules. 

5. Routinization 

18 Collective Endorsed by the whole team. The Team uses it regularly, 5. Routinization 
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ownership 

(CO) 

consistently. 

19 Definition of 

Done 

Endorsed by the whole team. The Team conducts it 

regularly. 

5. Routinization 

Table 13: Assimilation of Agile Practices 
 
This degree of assimilation of agile practice has a significant influence on the dependencies between 
them. For example, consider the dependency: FF —> PP, FF significantly reinforces PP in this Team. 
As aforementioned, it is used only on an ad hoc basis. If the practice was used routinely and 
consistently, i.e., if the Team implemented all the coding tasks together and planned PP in the SPMs, 
the dependencies related to PP would have been different. Another example is SO —> Retrospective, 
the reason this dependency exists is that the Team came up with a concept called driver where each 
member was responsible for certain activities and was to keep track of all information regarding it. A 
member was assigned as a driver for retrospectives which lead to a significant improvement in that 
practice. If SO practice was merely implemented on an ad hoc basis and not endorsed by the whole 
Team, then such a dependency may not have existed. Therefore, assimilation degrees of these 
practices are an important part of the context of their dependencies. The dependencies arise from this 
state of practices. 

5.3 Classification of Practices 
 
The fact that the Team is implementing a certain practice (to whatever extent) is itself an indication 
that the Team finds value in it. However, how significant a practice is to the Team needs to be 
understood. On the basis of the case study results (especially the advantages of practices), the practices 
are classified into two: 
 
1. Significant Practice: 

A practice that the Team considers to have a noteworthy effect on and/or be an important 
requirement for the Team. 
 

2. Insignificant Practice: 
A practice that the Team implements and is considered to possess some value to the Team but 
doesn’t consider it to be significant.  
 

 
Significant Practices Insignificant Practices 

1 FF 

2 SO 

3 On-site Customer 

4 PP 

5 SPM 

6 Tracking Progress 

7 Retrospectives 

8 SIFR 

9 Sprints 

1 Refactoring 

2 Stand-ups 

3 TDD 

4 Metaphors 
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10 Stories 

11 CI 

12 Coding Standards 

13 Collective Ownership 

14 Definition of Done 

Table 14: Classification of Practices 
 

5.3.1 Justifications 
 
1. Face-to-Face (FF) 

The Team expresses high approval of FF and finds several advantages in implementing this 
practice. Therefore, it is classified as a ‘significant practice’. 
 

2. SO 
From the results, we can see that the Team is able to achieve greater efficiency, improvement in 
decision making, and tracking the Team’s progress. Therefore, it is classified as a ‘significant 
practice’. 
 

3. On-site Customer 
The team finds this practice as very beneficial. It only finds advantages in implementing this 
practice and only disadvantages in not implementing this practice. 

“I would say is one thing that would benefit us a lot” 
Therefore, this practice is classified as a ‘significant practice’. 
 

4. Pair Programming 
The Team finds PP significant in knowledge sharing, finding better solutions, code reviews. In 
literature, such an implementation of pair programming is also found in other teams [13]. The 
Team clearly values this practice and wishes to increase its use in the Team. Therefore, PP can be 
classified as a ‘significant practice’. 
 

5. SPM 
This practice is used for planning the sprint. The Team finds value in this practice. 

“We only book time for important ones like planning meeting where we plan all our tasks.” 
 
Therefore, SPM is classified as a ‘significant practice’. 
 

6. Tracking Progress 
The Team finds it useful in understanding the progress of the Team and in reducing stress on its 
members.  However, the team doesn’t practice tracking progress practice in a serious way. The 
member who creates the burndown charts for the Team stated that the burndown charts were 
mostly created for the top management. The member doesn’t find any significant value in using 
this practice and tries to skip using it whenever possible. However, he acknowledges that other 
members of the Team value it. One member of the Team expressed concern regarding the poor 
implementation of this practice and wished for it to be properly implemented. During 
retrospectives, the issue of members logging in time has been brought up several times in order to 
track the progress of the Team¾which indicates that the members see its significant need in the 
Team. Therefore, this tracking progress can be classified as a ‘significant practice’. 
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7. Refactoring 
The Team finds value in this practice as it helps them to mitigate future problems and improving 
the code. The Team aims to increases its implementation by implementing a ‘Boy Scout Rule’. 
However, interviewees state that they don’t often consider refactoring unless they see a need. It 
can be observed that refactoring is not seen as a significant requirement in the Team. Therefore, it 
is classified as an ‘insignificant practice’. 
 

8. Retrospective 
The Team members get to reflect on and improve their performance with this practice. It is found 
to be ‘really important’. Therefore, retrospective is classified as a ‘significant practice’. 
 

9. SIFR 
The Team values this practice. With SIFR, situations where the faults in a product that remain 
undiscovered for a long time can be avoided. The flaws are identified a lot earlier. The Team find 
value in implementing this practice. Hence, SIFR can be classified as a ‘significant practice’. 
 

10. Simple Design 
The Team hasn’t officially implemented this practice. Therefore, it is not considered for the 
categorization.  
 

11. Sprints/Iterations 
Sprints are a core for Scrum. The fact that the Team implemented a Scrum-like agile method is 
itself an evidence that the Team considers this practice as a ‘significant practice’. 
 

12. Stand-ups 
The management finds this practice as a significant value. However, the Team doesn’t find it a 
significant value. Some Team members felt that it was ‘quite good’ or ‘good but not critical’ while 
others stated that they were doing it somewhat for the sake of the management. This means that 
some Team members find it as an insignificant practice while others find it to have no value to the 
Team. If the goal of the Team, its management and other stakeholders is a successful product, then 
even though it may not serve the direct needs of the Team members, the Team should consider it 
to have a value¾as it has a noteworthy impact on management. To determine if this is a 
significant or insignificant practice is ambiguous. It is important to not detach the Team from its 
context and to take into account its impact on other stakeholders (here, the managers). Considering 
these factors and noting that the primary focus of this study is the Team, this practice was initially 
classified as an ‘insignificant practice’.  
 
To make further confirmation, point-of-contact was contacted. It was stated that the status of other 
members wasn’t clearly known without standups and that standups were indeed valuable¾which 
is in contradiction to some of the interviewees. Therefore, this point is not considered for the 
classification as it is a difference of opinion between Team members. However, it was stated that 
stand-ups were indeed a value for the Team, although not significantly, and it was for that reason 
that the Team ended up in long discussions about solving problems after stand-ups. This was also 
pointed out by other members¾that the discussions in the stand-ups or after stand-ups were long. 
Based on this argument, it can be concluded that stand-up meeting is indeed an ‘insignificant 
practice’. 
 
It should be noted that this could potentially reduce the generalizability of the results, since, it was 
stated that other (development) teams in the organizations practiced it daily. So, those teams could 
see this practice in a way that could be classified as a significant practice. 
 

13. Metaphors 
The Team officially implements this practice. However, no sufficient evidence was found from the 
results to suggest metaphor as a significant practice. Hence, the point-of-contact was contacted to 
seek additional information. The member pointed to the organization website that consisted of the 
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metaphor and stated that while it was a significant practice for the organization, it had no direct 
relevance to the Team. The management and other teams in the organization (e.g. marketing 
teams) take the responsibility of dealing with other stakeholders including customers. The point-
of-contact couldn’t confirm if it was a significant practice. Therefore, it is classified as an 
‘insignificant practice’ by default. 
 

14. Stories 
Previously, the requirements were sent to the Team and the Team would then convert them to user 
stories during SPMs. Currently, other departments in the organization convert requirements into 
user stories and send it to the Team. The Team appreciates it by saying that it makes their sprint 
planning more efficient. Also, in the past when the requirements were sent to the Team, the Team 
felt obligated to convert those requirements into user stories for their planning. Clearly, the Team 
values this practice. Therefore, this practice is classified as a ‘significant practice’. 
 

15. TDD 
TDD found to helps write better and organized code. It is sometimes used in the Team. However, 
because the Team is an operations team and not a development team, TDD is not relevant for it. 
Interviewees stated that if the development teams in the organization were asked, they would have 
said they used TDD very much. For the Team, TDD is an ‘insignificant practice’. However, this is 
very context-specific and reduces the generalizability of the results of the study. However, this 
study is about this Team and what this Team feels about the practices. Therefore, TDD is 
classified as an ‘insignificant practice’. 
 

16. CI 
The Team considers this practice as the most important practice. Therefore, CI is classified as a 
‘significant practice’. 
 

17. Coding Standards 
This practice is the longest implemented practice in the Team. It helps maintain uniformity of the 
code which in turn makes code reviews easy and prevents ‘bad code’ from being checked in. 
Therefore, this practice is classified as a ‘significant practice’. 
 

18. Collective Ownership 
This practice is found to bring more ease for the Team members. The Team members described it 
as ‘good’ practice and expressed the need for it. Therefore, it is classified as a ‘significant 
practice’. 
 

19. Definition of Done 
The Team sees significant value in implementing defining ‘done’ for stories/tasks. The absence of 
Definition of Done has led to a loss of several hours. Therefore, the Team is trying to define done 
‘more and more’. However, this practice is at its early stages and the Team is yet to fully 
recognize it as an agile practice. But nonetheless, the significance of defining ‘done’ has been 
noted by the Team and an interviewee stated that it was important to the Team. Hence, this 
practice can be classified as a ‘significant practice’. 

 

5.4 Classification of Dependencies 
 
The dependencies listed in section 3 have been analysed to identify the degree of dependency amongst 
practices. The dependencies considered for this study are not exhaustive. Only dependencies that were 
considered significant enough to make a difference have been considered for this study. In this 
research, a dependency is considered significant if one practice cannot be implemented without 
another, or if 2-3 practices have a significant influence on it. The dependencies are considered 
negligible when several practices influence a practice.  



 

58 

 
For example, multiple interviewees have stated that CI was a prerequisite for other practices in the 
Team.  
“You could do most of the things without continuous integration but it wouldn't work when you deliver 
it to customer. All of these things tie in, sure, you can still plan, you can still do all the sprint plantings 
stuff, you can do pair programming without the CI environment but it all leads down to, “Is your stuff 
working in integration with the rest of the product?” And for that to be feasible to test such a big 
product as we have, you need some kind of automated testing in the sense continuous integration 
through Jenkins.”   
 
“continuous integration, I think is precondition for everything.” 
 
However, this indicates that CI practice is extremely important to the Team. But the objective here is 
to know dependencies between practices. Each individual practice should have a dependency of some 
significance on another. Same rule goes in the case of, say, retrospectives.  
 
Each dependency can have a unique dependency degree. Dependencies are not equally dependent. 
Some dependencies could be highly dependent while some could be indispensable etc. And if 
quantified, their dependency degree numbers could be unique from others. The quantification of 
dependency degree can be performed in different ways. For example, the interviewees could be asked 
to rate the dependency on a given scale or it could involve an approach of examining the behaviour of 
variables and expressing them numerically [61]. For this research, the author chose to delimit the 
dependency degree determination with a two-category classification. The degree of dependency has 
been indicated with color green and red. Green indicates low dependency¾it means that there is 
dependency but the practice at the rear end is not critical or indispensable for practice at the arrowhead. 
However, these dependencies are still noteworthy. And arrows in red indicate that they are critical or 
indispensable. 
 
 

Symbol Dependency Degree Reference Phrase  
—>/ <—> Important/Critical/Indispensable Red dependency 
—>/ <—> Low dependency Green dependency 

Table 15: Dependency Nomenclature 
 
The following is the final list of dependencies found from the case study, their dependency degrees: 
 

Case Study Dependencies 

1 CI —> SIFR 

2 CI —> Coding standards 

3 PP —> Simple Design 

4 FF —> PP 

5 SPM —> Simple Design 

6 Stories —> SO 

7 Stories —> SPM 

8 Stories —> Tracking progress 

9 PP <—> Refactoring 

11 Stand-ups —> PP 

12 SPM —> Tracking progress 

13 SPM —> SO 

14 SPM —> Refactoring 

15 SO —> Retrospective  

16 Definition of done —> Tracking progress 

17 On-site —> Stories 

18 Stand-ups —> Refactoring 

19 FF —> Simple design  
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10 Sprints —> SPM 20 Stand-ups —> FF 

Table 16: Case Study Dependencies 
 

5.4.1 Justifications 
 
1. CI —> SIFR 

Frequent releases couldn’t have been possible without CI. The interviewee explicitly stated that 
there was a strong dependency. Also, it was stated that for a big product, such as the one the Team 
was working on, CI was crucial as it involved several automated tests without which it was likely 
to fail. From the statements made by the interviewees, it is clear that there exists a red dependency 
between these practices. 

 

2. CI —> Coding Standards 

The Team enforces coding standards through CI.  

“it's tricky to have the code standards if you don’t have continuous integration because otherwise 
you can push whatever you want.” … “And without that one [CI], you can push whatever you 
want because they will not always be someone standing behind you and looking at the code.” 

Therefore, this dependency is classified as a red dependency. 

 

3. PP —> Simple Design 

When a bug is complex, the Team decided to have a rule that they sit with another person and 
solve it. Interviewee states that 4 eyes are almost always better than 2 because they almost always 
lead to a better solution comparatively. So, this is a significant dependency. Therefore, this 
dependency can be classified as a red dependency. 

 

4. FF —> PP 

As mentioned in the results, the interviewee asked an interpretive question if there existed a 
dependency between FF and pair programming, the interviewee said ‘yes’. According to the 
description of the procedure of pair programming, the face-to-face interactions are the source to 
initiate pair programming in the Team. The Team does pair programming but doesn’t plan to 
implement certain user stories/tasks by it. In this Team, the PP significantly reinforced by FF and 
stand-ups. Therefore, it’s a red dependency. 

 

5. SPM —> Simple Design 

FF and SPM are what leads to simple design. Both are the source for SD in this team. Based on 
the interviewee’s statements, it can be understood that the Team discusses the simplest solution of 
user stories primarily during the SPMs. So, it can be interpreted as a red dependency. 

 

6. Stories —> SO 

The interviewee means that one needs to have user stories first to assign each other tasks amongst 
teams. The user stories/tasks are a significant portion of SO practice. Therefore, it’s a red 
dependency. 
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7. Stories —> SPM 
 
The Team members used ‘user stories’ and ‘tasks’ interchangeably during the interviews. 
Interviewee states that previously requirements were sent to the Team and the Team had to break 
them into user stories whereas currently, there is another department that is converting 
requirements into user stories and sending to the Team and the Team uses then to plan Sprints. In 
either case, the Team feels obligated to have user stories to conduct SPMs. The interviewee stated 
that their SPMs are more efficient with user stories. It is clearly understood that these practices 
have a red dependency between them. 
 
 

8. Stories —> Tracking progress 

You need to have user stories first to be able to track their progress. Also, the interviewee 
mentioned that it’s hard to track progress when the Mingle tasks (user stories) huge. Therefore, in 
a case where stories are not used and the team works with requirements itself, it would 
significantly impact tracking progress. 

 

9. Pair programming <—> Refactoring 

It is always beneficial to sit with another person and make decisions regarding refactoring. There 
is a significant improvement in refactoring that way. Hence, refactoring and pair programming is 
implemented at the same time. It is clearly understood that these practices have a red dependency 
between them. Since both need each other¾refactoring has red dependency and pair programming 
has refactoring as a major source for implementation. Therefore, there is a dependency in both 
directions. 

 

10. Sprints —> SPM 

Based on the interviewee’s statement it can be interpreted that there first needs to be a sprint in 
order to do sprint planning. Therefore, it’s a red dependency. 

 

11. Stand-up —> PP 

It can be understood that Stand-ups practice is the primary source for pair programming. 
Therefore, they have a red dependency. 

 

12. SPM —> Tracking progress 

The interviewee states that the Team decides in SPMs the set of user stories to be implemented in 
a sprint. Also, Sprint (duration), SPM (set of user stories), and Definition of Done are the 3 main 
components for tracking progress. Therefore, they have a red dependency. 

 

13. SPM—> SO 

The Team organizes itself during the SPMs. Also, the Team needs to first decide on the set of user 
stories before organizing. Therefore, it is a red dependency. 
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14. SPM —> Refactoring 

The Team decides on the implementation of the refactoring practices during SPMs. SPMs are the 
main source for refactoring in this team. Therefore, it’s a red dependency. 

 

15. SO —> Retrospective  

By introducing the concept of a driver, this practice has seen a significant improvement. 
Therefore, it is interpreted as a red dependency. 

 

16. Definition of done —> Tracking progress 

From [59], we learn that the teams have shown significant improvement by reducing technical 
debt, defects and increasing productivity by implementing this practice. Also, from interviewee’s 
statement and as discussed in dependency 13, in this Team, duration (from Sprint), user story/task 
set (from SPM) and Definition of Done are main 3 components for Tracking progress, i.e., 
creating burndown charts, burn up charts etc., it can be concluded that tracking progress has red 
dependency on Definition of Done. 

 

17. On-site —> Stories 

This dependency has been emphasized all the Team members and for multiple reasons. As stated 
by the interviewees, when new requirements are coming in, there is a possibility that the customer 
sends vague requirements for which the Team has to make clarifications before implementation. If 
not, the Team could end up performing the wrong implementation. Without the on-site customer, 
the developers could be left out to mere guessing¾which sometimes has been the case in the 
Team. The presence of on-site customer helps developers gain more clarity about stories. Here, it 
is understood that the on-site customer has a significant role in improving the requirements/user 
stories. 

 

18. Stand-up —> Refactoring 

Refactoring comes from meetings such as standups. Members discuss issues and after the meeting 
sit together to refactor code. As from dependency 9, pair programming has a significant impact on 
refactoring. From the interviewee’s statement, stand-up practice is a source for refactoring 
practice¾an opportunity to refactor code is realized due to standups¾but is not critical or 
indispensable. Therefore, standups reinforce refactoring. Hence, it is classified as a green 
dependency. 

 

19. FF —> Simple design 

There are no guidelines for simple design in this Team. However, because the Team is collocated, 
the members are able to discuss issues and try finding the simplest solutions. But this is not a 
critical dependency as pointed out by the interviewee. There are other sources that lead to 
designing the simplest solution such as SPMs, which has been stated as an important source.  
Therefore, it is a classified as a green dependency. 
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20. FF —> Stand-ups 

The interviewee statement presented serves as an indication of this dependency but is not 
sufficient to confirm the type of dependency. Therefore, further information was obtained from the 
point-of-contact. 

In the Team, the goal of stand-ups is basically to inform the rest of the team and manager(s) about 
one’s progress and to state problems faced to potentially get help from the rest of the Team. There 
could be a case made that if the Team were not implementing face-to-face, the issues could be 
discussed after the stand-ups and then the members could return to their cubicles. However, from 
the interviewee’s statement, it is understood that there was a significant difference in the 
implementation of face-to-face. Those ‘big discussions’ were not possible before the 
implementation of face-to-face. The point-of-contact confirmed this and added that face-to-face 
further made easy not just for the concerned members to interact and follow up but also to have 
other members join in and add to the discussion. Hence, it can be determined that face-to-face is 
important for stand-up. Therefore, this dependency can be classified as a red dependency. 

 

These dependencies have been represented in the figure below.  

 

 

Table 17: Case study Dependencies 
 
This representation gives a rough idea of what a fully relevant AMM would look like for the Team.  
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5.5 Evaluation of the Relevance of AMMs in Industry 
 
 

5.5.1 Dependency Evaluation Rules  
 
From the literature results, it is to be noted that dependencies amongst individual practices haven’t be 
found in the AMMs (except, to a limited extent, from M1). However, direct dependencies between 
practices in the case study have been found. In order to achieve the goal of this study, dependencies 
from literature need to be compared with that of the case study. In literature, even though 
dependencies weren’t found between individual practices, i.e., in practice level, they were found in the 
maturity-level level, i.e., practices listed in 1st maturity level need to be implemented for the practices 
in 2nd maturity level to be implemented. Therefore, the dependencies found in practice level in the case 
study have been compared to the AMMs in maturity-level level. Below are the rules, their motivations 
and approach followed for the evaluations:  
 

1. If P1 —> P2,  

1.1. then P1 should be in a lower AMM maturity level and P2 should be in the higher maturity 
level for the dependency to be satisfied.  

1.2. if P1, P2 are both in the same maturity level, the dependency is considered satisfied. 

P1 needs to be implemented for P2. If both P1 and P2 are on the same level, P2 will have P1 
implemented for it. This rule is based on the assumption that all the practices that are listed in 
a particular level are implemented together.  

For example, Sprints —> SPM dependency requires sprints to be practiced in order to have 
sprint planning meetings implemented. If the sprint practice is implemented in L1, then SPM 
practice doesn’t have to wait till L2 to be implemented. If both the practices are implemented 
at a time, then it can be considered satisfied.  

2. if P1 <—> P2, P1, P2 need to implemented in the same maturity level to be considered satisfied. It 
is because <—> indicates that both practices reinforce each other¾that each practice requires the 
other. if P1, P2 are in different levels, then dependency wouldn’t be considered satisfied. 
 

Other Rules: 

The researcher believes that rules for cases can be best formed when based on actual instances, i.e., by 
ensuring that all the abstractions are connected to concretes [48]. Therefore, only rules for the cases 
that are faced in this research have been listed. The approach to deal with cases that haven’t been 
faced in this research aren’t suggested and is left for the future work. For example,    

Heterogeneous Dependencies: 

There could be a case where Practice A <—> Practice B, i.e., B significantly needs A to be present 
while A doesn’t significantly need B significantly but has a notable dependency and vice versa.  
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5.5.2 Evaluation Criteria  
 

Following is the criteria of the evaluation of the relevance of AMMs for a team. 
 
 
 Practices Dependencies 

 
Relevant 

 
All significant & 
all insignificant 

 
All red & all green 

 
 
 

Mostly Relevant 

 
All significant & all 

insignificant 

 
All red & ~ green 

 
All significant & ~ insignificant 

All red & all green 

All red & ~ green 

 
Not Relevant 

 
~ significant & [Any] 

insignificant 

 
[Any] red & [Any] green 

Table 18: Evaluation Criteria 
‘~’ = Not all/none. ‘[Any]’ = All/ ~ of that category. 

 
The evaluated maturity models are classified into 3 categories: relevant, mostly relevant, and not 
relevant. The premise of this evaluation criteria is the following priority: 
 

Suggesting practices > satisfying dependencies 
 
An AMM should first include the practices that the Team considers valuable and then satisfy the 
dependencies amongst those practices. As stated previously, the fact that the Team implements a 
subset of practices out of several agile practices is an indication that they find some value in them. An 
AMM that doesn’t suggest those practices cannot be considered relevant even if it satisfies all the 
dependencies amongst the rest of the practices implemented by the Team. A practice that doesn’t 
suggest significant practices, can be considered as not relevant regardless of how it satisfies the 
dependencies amongst the remaining practices. For example, an AMM that doesn’t suggest CI is not 
of relevance to the Team.  
 
Note: 
Simple Design (SD) is an uncategorized practice. In a case where it is suggested by an AMM, it will 
not be used in the evaluation of practices, i.e., if SD is not suggested by an AMM, the AMM won’t be 
eliminated from being considered as ‘relevant’. The Team doesn’t explicitly implement simple design 
practice. Therefore, it cannot be categorized as significant or insignificant for practice evaluation. 
However, the Team was able to point out dependencies for being able to design the simplest solution 
(simple design). Hence, this practice is included in the dependency evaluation. Also, AMMs have 
suggested practices other than the ones considered for this study. But this method is a comparison of 
AMMs with industry practice. The comparison is not possible if a practice is not implemented by a 
team in the industry. Therefore, this study is a limited evaluation of the AMMs.  
 
 



 

65 

5.5.2.1 Classification Based on the Change Over the Time 
 
In this section, the author brings light to another dynamic applicable to the evaluation of the AMMs. 
However, the author has observed complexities in this aspect. This aspect is not incorporated in the 
evaluation method as it is not applicable in its current state. However, the author considers this aspect 
important and believes it should be addressed in this research. Therefore, this section is tentative and is 
suggested to be addressed as future work.  
 
The practices that have had any change over the time in the Team are self-organizing teams, pair 
programming, SPM, refactoring, retrospectives, SIFR, stand-up meetings, stories, CI and TDD. Out of 
those practices, the following have shown significant change over the time: 

1. SO 

2. Retrospectives 

3. SIFR 

4. CI 

 

Justifications 

1. SO 
The Team had a member who played the role of a Scrum master and after the member left, they 
decided to introduce the concept of driver which meant that different members too responsibility 
for different aspects of the Team. This was found to have brought a significant improvement in the 
way the Team organized itself. Hence, SO is considered to have changed significantly over the 
time.  

2. Retrospective 
The introduction of a driver for retrospectives helped improve retrospectives significantly. 
Therefore, retrospective is a beneficiary of another practice’s maturity. However, the practice, by 
itself, has significantly changed over the time (as detailed in the results). Some Team members 
have expressed their desire to have it change even more. Hence, retrospective is considered to 
have changed significantly over the time.  

3. SIFR 
After CI created the new version of the product, before delivering it to the customer, the Team 
performs manual testing. The Team found it to be repetitive and time consuming, hence, they are 
in the midst of fully automating it. Since, the change is from manual testing to automated testing, 
SIFR is considered to have changed significantly over the time.  

4. CI 
The Team began with phased out bash scripts and started building CI environment from scratch 
and over the time added more builds and improved automation. The Team is looking forward to 
further automate migration and installation activities as well. Hence, CI is considered to have 
changed significantly over the time. 

 
According to the dependency evaluation rule 1, a dependency is considered satisfied if both the 
practices are suggested in the same maturity level or different maturity levels (in the right order). 
According to the concept of agile practice assimilation, all agile practices have scope to improve or 
assimilate post-implementation [13]. By observing the practices: CI, SO, SIFR, and retrospectives; we 
can establish that if they are allowed time after implementation, their implementation could 
significantly improve.  
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In this discussion, the practices that have been implemented for a considerable amount of time have 
only been considered. The practices that are in their early stages are not considered yet¾as it is too 
early to know if the practice would see a significant improvement in the future. Most of the practices 
implemented in this Team have been implemented at least 3 years ago. Therefore, it is fair to assume 
that the recent practices such as refactoring and SIFR have had a considerable amount of time to 
evolve. However, the practice: Definition of Done, has been implemented very recently. Hence, it is 
not considered here. In the case study, it is observed that other practices have not experienced 
significant improvement over the time. For example, sprints and stand-ups. And this is influenced by 
the context-specific needs of the Team. Therefore, only practices that have seen a significant change 
over the time are considered.  

 

The practices that have seen significant change are referred to as, due to lack of a better phrase, 
‘special practices’. For P1-> P2, where P1 is a special practice, an AMM that satisfies a dependency 
by placing P1 and P2 practices in the same maturity level cannot be considered equal to an AMM that 
places those practices in different maturity levels. It is beneficial to have P2 introduced in subsequent 
maturity levels when compared to introducing it in the same maturity level. For example, consider the 
dependency: CI —> SIFR, it is clear that if CI is allowed time after its implementation, it would 
significantly improve. And by implementing SIFR later, there could be a significant difference in the 
way the dependency is satisfied¾when compared to a scenario where the Team implements CI and 
SIFR simultaneously. Practices that have not shown any significant improvement or practices for 
which sufficient evidence is not available, could be ignored for this differentiation. The question 
regarding how later should P2 be implemented after P1 is complex as it is based on an AMM’s 
definition of maturity levels, number of maturity levels, and the description of their behavior in the 
subsequent maturity levels after implementation. The following are the dependencies that have special 
practices suggested at P1. 

 

1. CI —> SIFR 

2. CI —> Coding standards 

3. SO —> Retrospective 

These dependencies are referred to as ‘special dependencies’. 

 

Dependency Score 

To make the differentiation, all AMMs are assigned a default dependency score of 0. For every special 
dependency satisfied by an AMM by not suggesting practices in the same maturity level, 1 is added to 
the dependency score. This could be used as a starting point to distinguish AMMs as it needs further 
improvement and cannot be incorporated in the evaluation criteria in its current state. Several 
complexities are not addressed, such as the presence of green special dependencies. The above special 
dependencies are homogeneous; therefore, the dependency score can be calculated in a straightforward 
manner. But the complexity increases when even green special dependencies are involved. Consider a 
scenario where there are 4 special dependencies (2 red and 2 greens) and two AMMs (AMM1 and 
AMM2). If AMM1 satisfies 2 red special dependencies and AMM2 satisfies 2 green special 
dependencies, their dependency score would be the same, i.e., 2. However, an AMM that satisfies the 
red special dependencies is more important than the one that satisfies the green dependencies. One 
solution to this problem is to maintain 2 separate scores¾a red dependency score and a green 
dependency score. 

Therefore, this section is tentative and is suggested for future work. But nonetheless, the dependency 
score is calculated for the AMMs with the sole purpose of bringing light to this dynamic. 
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5.5.3 M1. Agile Maturity Model [25] 
 
Based on the author’s description of the model, it could be observed that the practices in each level 
have been arranged in chronological order although there is no explicit statement stating it. By 
comparing the practice dependencies derived from the AMMs with the M1 Maturity Levels table, it 
can be confirmed that these practices are indeed in chronological order. 
 
Also, we see that L3 requires the implementation of 9 practices. It is a demerit because there is a 
possibility that a team could find the implementation of 9 practices together as cumbersome.  
 

5.5.3.1 Practice Evaluation  
 

M1 has 17 practices in common with this study: 13 significant, 3 insignificant, and 1 uncategorised.  
M1 doesn’t suggest 2 practices: 1 significant, 1 insignificant. 
 
This 1 significant practice is Definition of Done. As detailed in the results, this practice cannot be 
categorically stated that it is intended to be used or not used in this AMM. However, it can 
categorically be stated that this significant practice has not been explicitly suggested in M1.  
 
Therefore, M1 suggests not all significant and insignificant practices. 
 

5.5.3.2 Dependency Evaluation  
 
These 17 common practices have 16 dependencies amongst them (15 red and 1 green). The following 
is the dependency evaluation of M1: 
 

Dependencies Satisfied Dependencies Not Satisfied 

1 CI —> SIFR 

2 CI —> Coding standards 

3 PP —> Simple Design 

4 FF —> Pair programming 

5 SPM —> Simple Design 

6 Stories —> SO 

7 Stories —> SPM 

8 Stories —> Tracking progress 

9 Pair programming <—> Refactoring 

10 Sprints —> SPM 

11 SPM —> Tracking progress 

12 SPM—> SO 

13 SPM —> Refactoring 

14 SO —> Retrospective  

None. 
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15 On-site customer —> Stories 

16 FF —> Simple design 
Table 19: Dependency Evaluation of M1 

 

By comparing M1 with these 16 dependencies, we find that, M1 satisfies all the dependencies amongst 
common practices. 
 

5.5.3.3 Evaluation of the Relevance of M1 
 
M1 suggests not all significant and insignificant practices; it satisfies all the dependencies amongst the 
common practices.  
 
Therefore, M1 is evaluated as ‘not relevant’. 
 

5.5.3.4 Dependency Score 
 
 
Special Dependencies Satisfied 

in the Same Maturity Level 
Special Dependencies Satisfied 
in Different Maturity Levels 

Others 

1. CI —> SIFR 

2. CI —> Coding standards 

3. SO —> Retrospective 

 

None.  

Table 20: Dependency Score of M1 
 
Therefore, the dependency score of M1 is 0. 
 
 

5.5.4 M2: Agile Adoption and Improvement Model (AAIM) [53] 
 
This model suggests relatively fewer number of practices. The authors state that AAIM is meant to 
only serve in laying the groundwork and that the organisations should tailor the agile practice adoption 
based on their context-specific needs. Therefore, these practices do not represent an exhaustive list. 
However, the core practices suggested in order to lay the groundwork are evaluated below. 
 

5.5.4.1 Practice Evaluation 
 
M2 has 6 practices in common with this study: 5 significant and 1 insignificant.  
M2 doesn’t suggest 12 practices: 9 significant, 3 insignificant. 
 
This approach to evaluation is not accurate for this model as it heavily relies on the practitioners to 
choose practices for their teams.  
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5.5.4.2 Dependency Evaluation 
 
M2 has 6 practices in common with the practice set. These 6 practices have 2 dependencies amongst 
them (2 red and 0 green). The following is the dependency evaluation of M2: 
 

Dependencies Satisfied Dependencies Not Satisfied 

1 Sprints —> SPM 

2 SPM—> SO 

None. 

Table 21: Dependency Evaluation of M2 
 

M2 satisfies all the dependencies present amongst the common practices. 
 

5.5.4.3 Evaluation of the Relevance of M2  
 
It is to be noted that this evaluation is based on the practices suggested by the AMM. M2 states that 
this is only to lay the groundwork for the Team and is not an exhaustive list. Since M2 relies heavily 
on the practitioners and organisations that are trying to implement, this AMM cannot be evaluated 
with this method. 
 

5.5.4.4 Dependency Score 
 
Special Dependencies Satisfied 

in the Same Maturity Level 
Special Dependencies Satisfied 
in Different Maturity Levels 

Others 

None. 

 

None. 1. CI —> SIFR 

2. CI —> Coding standards 

3. SO —> Retrospective 

 
Table 22: Dependency Score of M2 

 
Therefore, the dependency score of M2 is 0. 
 

5.5.5 M3: Agile Quality Assurance Reference Model (Agile QA-RM) [26] 
 
M3 is intended for helping in QA implementation.  

5.5.5.1 Practice Evaluation  
 

M3 has 12 practices in common with this study: 10 significant and 2 insignificant. 

M3 doesn’t suggest 6 practices: 4 significant and 2 insignificant. 

 

Therefore, M3 suggests not all significant and insignificant practices. 
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5.5.5.2 Dependency Evaluation 
 
For the 12 practices, there are 7 dependencies (7 red and 0 green). The following is the evaluation of the 
relevance of M3: 
 

Dependencies Satisfied Dependencies Not Satisfied 

1 Sprints —> SPM 

2 Stand-up —> Pair programming 

3 SPM—> SO 

4 SO —> Retrospective 

1 CI —> Coding standards 

2 FF —> Pair programming 

3 FF —> Stand-ups 

Table 23: Dependency Evaluation of M3 
 
M3 satisfies 4 dependencies (4 red and 0 green) and doesn’t satisfy 3 dependencies (3 red and 0 green). 
 
Therefore, M3 satisfies not all red dependencies. 
 

5.5.5.3 Evaluation of the Relevance of M3 
 
M3 suggests not all significant and insignificant practices; it satisfies not all red dependencies. 
 

Therefore, M3 is evaluated as ‘not relevant’. 
 

5.5.5.4 Dependency Score 
 
 

Special Dependencies 
Satisfied in the Same 

Maturity Level 

Special Dependencies Satisfied 
in Different Maturity Levels 

Others 

1. SO —> Retrospective 

 

None. 1. CI —> SIFR 

2. CI —> Coding standards 

Table 24: Dependency Score of M3 
 
Therefore, the dependency score of M3 is 0. 
 
 

5.5.6 M4: Sidky Agile Measurement Index (SAMI) [9] 
 

5.5.6.1 Practice Evaluation  
 
M4 has 14 practices in common with this study:  11 significant and 3 insignificant. 
M4 doesn’t suggest 4 practices: 3 significant, 1 insignificant. 
 
Therefore, M2 suggests not all significant and insignificant practices. 
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5.5.6.2 Dependency Evaluation 
 
M4 has 14 practices in common with the practice set. These practices have 15 dependencies amongst 
them (14 red and 1 green dependencies). The following is the dependency evaluation of M4: 
 

Dependencies Satisfied Dependencies Not Satisfied 

1 CI —> SIFR 

2 FF —> PP 

3 Sprints —> SPM 

4 Stand-ups —> PP 

5 SPM —> Tracking progress 

6 SPM —> Refactoring 

7 On-site customer —> Stories 

1 CI —> Coding standards 

2 Stories —> SO 

3 Stories —> SPM 

4 Stories —> Tracking progress 

5 PP <—> Refactoring 

6 SPM —> SO 

7 Stand-ups —> Refactoring 

8 FF —> Stand-ups 

Table 25: Dependency Evaluation of M4 
 
M4 satisfies 7 dependencies (7 red and 0 green dependencies) and doesn’t satisfy 8 dependencies (7 
red and 1 green). 
 
Therefore, M4 satisfies not all red and green dependencies present amongst common practices.  
 

5.5.6.3 Evaluation of the Relevance of M4 
 
M4 suggests not all significant and insignificant practices; it satisfies not all red and green 
dependencies amongst the common practices.  
 
Therefore, M4 is evaluated as ‘not relevant’. 
 

5.5.6.4 Dependency Score 
 

Special Dependencies 
Satisfied in the Same 

Maturity Level 

Special Dependencies Satisfied 
in Different Maturity Levels 

Others 

None. 1 CI —> SIFR 

 

1. CI —> Coding standards 

2. SO —> Retrospective 

 

Table 26: Dependency Score of M4 
 
Therefore, the dependency score of M4 is 1. 
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5.5.7 M5: SAFe MM (Scaled Agile Framework Maturity Model) [51] 
 

5.5.7.1 Practice Evaluation 
 
M5 has 15 practices in common with this research: 11 significant and 4 insignificant. 
M5 doesn’t suggests 3 practices: 3 significant and 0 insignificant. 
 
Therefore, M5 suggests not all significant and all insignificant practices. 
 

5.5.7.2 Dependency Evaluation 
 
M5 has 15 practices in common with this study. These 15 practices have 13 dependencies (12 red and 
1 green dependency). By comparison to M5. SAFe MM table, the following is the dependency 
evaluation of M5: 
 

Dependencies Satisfied Dependencies Not Satisfied 

1 CI —> SIFR 

2 Stories —> SPM 

3 Stories —> Tracking progress 

4 Sprints —> SPM 

5 SPM —> Tracking progress 

6 SPM —> Refactoring 

7 SO —> Retrospective 

1 CI —> Coding standards 

2 Stories —> SO 

3 SPM —> SO 

4 On-site customer —> Stories 

5 Stand-ups —> Refactoring 

6 FF —> Stand-ups 

Table 27: Dependency Evaluation of M5 
 
M5 satisfies 7 dependencies (7 red and 0 green) and doesn’t satisfy 6 dependencies (5 red and 1 green). 
 
Therefore, M5 satisfies not all red dependencies and green dependencies amongst these common 
practices. 
 

5.5.7.3 Evaluation of the Relevance of M5 
 
M5 suggests not all significant and all insignificant practices; it satisfies not all red dependencies and 
green dependencies amongst these common practices. 
 
Therefore, M5 is evaluated as ‘not relevant’. 
 

5.5.7.4 Dependency Score 
 

Special Dependencies 
Satisfied in the Same 

Maturity Level 

Special Dependencies Satisfied 
in Different Maturity Levels 

Others 

1. SO —> Retrospective 1 CI —> SIFR 1. CI —> Coding standards 
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Table 28: Dependency Score of M5 

 
Therefore, the dependency score of M5 is 1. 
 

5.5.8 M6 Benfield’s Maturity Model [55] 
 

5.5.8.1 Practice Evaluation 
 
M6 has 8 practices in common with this study: 6 significant and 2 insignificant. 
M6 doesn’t suggest 10 practices: 8 significant and 2 insignificant. 
 
Therefore, M6 suggests not all significant and insignificant practices. 
 

5.5.8.2 Dependency Evaluation  
 
M6 has 8 practices in common with this study. These 8 practices have 3 dependencies (3 red and 0 
green) amongst them. By comparison to M6. Benfield’s Maturity Model table, the following is the 
dependency evaluation of M6: 
 

Dependencies Satisfied Dependencies Not Satisfied 

1 CI —> SIFR 

2 CI —> Coding standards 

3 Stories —> SO 

None. 

Table 29: Dependency Evaluation of M6 
 
M6 satisfies all red dependencies. 
 
Therefore, M6 satisfies all red dependencies. 
 

5.5.8.3 Evaluation of M6  
 
Although the practices and their dependencies have been evaluated, the author may not have explicitly 
suggested all the practice intended to be implemented. However, this evaluation is conducted with the 
practices that could be identified.  
 
M6 suggests not all significant and insignificant practices; it satisfies all the dependencies amongst 
those common practices. 
 
Therefore, M6 is evaluated as ‘not relevant’. 
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5.5.8.4 Dependency Score 
 

Special Dependencies 
Satisfied in the Same 

Maturity Level 

Special Dependencies Satisfied 
in Different Maturity Levels 

Others 

1. CI —> Coding standards 1 CI —> SIFR 

 

1. SO —> Retrospective 

Table 30: Dependency Score of M6 
 
Therefore, the dependency score of M6 is 1. 
 
 

5.5.9 M7: Scrum Maturity Model (SMM) [56]  
 

5.5.9.1 Practice Evaluation  
 
This model doesn’t suggest FF which the Team considers very important but suggests that teams 
should implement stand-ups daily. The Team has made sure to reduce stand-ups to 2 times per week as 
it feet it is unnecessary. In fact, one interviewee stated that the fact that it was not conducted every day 
was itself an advantage.  
 
Therefore, M7 doesn’t address this aspect of the Team.  
 
Another noteworthy condition mentioned by the author is that sprints must not be interrupted by 
outsiders during the sprints. This is also stated as a characteristic of Scrum in [3]. However, the Team 
is only a ‘Scrum like’ Team and it gets constantly interrupted with new tasks during the sprints. 
 
M7 has 9 practices in common with this study: 8 significant and 1 insignificant.  
M7 doesn’t suggest 9 practices: 6 and 3 insignificant  
 
Therefore, M7 suggests not all significant and insignificant practices. 
 

5.5.9.2 Dependency Evaluation 
 

M7 has 9 practices in common with this study. These 9 practices have 6 dependencies (6 red and 0 
green). By comparison to M7. SMM table, the following is the dependency evaluation of M7: 
 

Dependencies Satisfied Dependencies Not Satisfied 

1 Sprints —> SPM 

2 SPM —> Tracking progress 

3 On-site customer —> Stories 

1 Stories —> SPM 

2 Stories —> Tracking progress 

3 Definition of done —> Tracking progress 

Table 31: Dependency Evaluation of M7 
 
M7 satisfies 3 red dependencies and doesn’t satisfy 3 red dependencies.  
 
Therefore, M7 satisfies not all red dependencies. 
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5.5.9.3 Evaluation of the Relevance of M7 
 
M7 suggests not all significant and insignificant practices; it satisfies not all red dependencies. 
 
Therefore, M7 is evaluated as ‘not relevant’. 

5.5.9.4 Dependency Score 
 

Special Dependencies 
Satisfied in the Same 

Maturity Level 

Special Dependencies Satisfied 
in Different Maturity Levels 

Others 

  1. CI —> SIFR 

2. CI —> Coding standards 

3. SO —> Retrospective 

Table 32: Dependency Score of M7 
 
Therefore, the dependency score of M7 is 0. 
 

5.5.10 M8: Agile Scaling Model (ASM) [57] 
 

5.5.10.1 Practice Evaluation 
 
M8 suggests stand-ups be practiced daily. As noted previously, the Team doesn’t prefer practicing 
stand-ups daily¾which is a context-specific aspect. The author states that this practice list isn’t 
exhaustive. However, with the available practices, the evaluation is performed. 
 
M8 has 13 practices in common with this study: 10 significant and 3 insignificant. 
M8 doesn’t suggest 5 practices: 4 significant and 1 insignificant 
 
Therefore, M8 suggests not all significant and insignificant practices. 
 

5.5.10.2 Dependency Evaluation 
 
M8 has 13 practices in common with this study. These 13 practices have 14 dependencies between 
them (13 red and 1 green). By comparison to M8. ASM table, the following is the dependency 
evaluation of M8: 
 

Dependencies Satisfied Dependencies Not Satisfied 

1 CI —> SIFR 

2 CI —> Coding standards 

3 FF —> CI 

4 FF —> PP 

None. 
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5 Stories —> SO 

6 Stories —> SPM 

7 PP <—> Refactoring 

8 Sprints —> SPM 

9 Stand-ups —> PP 

10 SPM —> SO 

11 SPM —> Refactoring 

12 SO —> Retrospective  

13 Stand-ups —> Refactoring 

14 FF —> Stand-ups 

Table 33: Dependency Evaluation of M8 
 
M8 satisfies all red and green dependencies (13 red and 1 green) amongst common practices. 
 

5.5.10.3 Evaluation of the Relevance of M8 
 
M8 suggests not all significant and insignificant practices; satisfies all dependencies amongst them. 
 
Therefore, M8 is classified as ‘not relevant’. 
 

5.5.10.4 Dependency Score 
 

Special Dependencies 
Satisfied in the Same 

Maturity Level 

Special Dependencies Satisfied 
in Different Maturity Levels 

Others 

1. CI —> SIFR 

2. CI —> Coding standards 

3. SO —> Retrospective 

  

Table 34: Dependency Score of M8 
 
Therefore, the dependency score of M8 is 0. 
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5.6 Evaluation Summary of AMMs 
 
The following is the evaluation summary of AMMs:  
 

S.no. AMM Relevance to the Team 
M1 ‘Agile Maturity Model’ Not Relevant 
M2 AAIM Cannot be Meaningfully Evaluated with the Current 

Approach 
M3 Agile QA-RM Not Relevant 
M4 SAMI Not Relevant 
M5 SAFe MM Not Relevant 
M6 Benfield’s Maturity Model Not Relevant 
M7 Scrum Maturity Model Not Relevant 
M8 Agile Scaling Model Not Relevant 

Table 35: Evaluation Summary 
 
None of the AMMs was found to be relevant. The AMM that has come closest to being evaluated as 
relevant/ mostly relevant is M1. M1 didn’t satisfy 1 significant practice (Definition of Done) and 1 
insignificant practice (stand-up meetings). It satisfied all the dependencies between the common agile 
practices. 
 

5.7 Comparison with the Team’s Implementation Order 
 
If the goal of the Team is to deliver a successful product, then the Team could be considered as 
successful as it has succeeded in its responsibilities to a large extent. From section 4.2.2.1.1, we know 
the Team’s own implementation order of its practices. By comparing their implementation order with 
their own dependencies, one could get an insight on how crucial it is to satisfy agile practice 
dependencies. The author considers it only as an insight because: 
 
1. It is not possible to know how better off the Team would have been if it were to implement 

practices in an order that satisfied all its dependencies. 
2. The adoption order may not be fully accurate as the interviewees had to recollect from the 10 

years of the Team. 
 

5.7.1 Practice Comparison 
 
The significant and insignificant practices together are 18. The Team doesn’t implement 1 significant 
practice: On-site customer. 
 

5.7.2 Dependency Comparison 
 
The Team doesn’t implement simple design; therefore, it is not considered. The implementation time 
of Definition of Done couldn’t be found. Therefore, the following dependencies cannot be compared. 
 
1 PP —> Simple Design 

2 SPM —> Simple Design 

3 Definition of done —> Tracking progress 

4 On-site customer —> Stories 
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5 FF —> Simple design 

The comparison of the remaining 15 dependencies are as follows: 

 

Dependencies Satisfied Dependencies Not Satisfied 

1 CI —> SIFR 

2 FF —> PP 

3 Stories —> Tracking progress 

4 Sprints —> SPM 

5 Stand-ups —> PP 

6 SPM —> Tracking progress 

7 SPM —> SO 

8 SPM —> Refactoring 

9 SO —> Retrospective  

10 Stand-ups —> Refactoring 

11 FF —> Stand-ups 

1 CI —> Coding standards 

2 Stories —> SO 

3 Stories —> SPM 

4 PP <—> Refactoring 

Table 36: Comparison with Team's Implementation Order 
 
It is clear that the Team would have been better off had it implemented the significant practice: on-site 
customer. We see that the Team didn’t satisfy all of the dependencies.  

 

5.8 Limitations of the Evaluation Method 
 
The following are the limitations of this evaluation method: 
 
1. The AMM tables are summaries; therefore, they do not represent all the complexities in that 

model. One such example is M6.   
2. Some AMMs such as M2 and M8, have not provided an exhaustive list of practices. This method 

can only evaluate those practices that are suggested.  
3. The core of the standard used for classifying practices and dependencies have been interviewees 

statements and not any numerical data. All red dependencies are equally dependent and the same 
applies to green dependencies.  The standard used for classification should be improved and made 
more specific.  

4. Dependency may not always mean for P1 -> P2, P1 should before P2. One such dependency is  
CI —> Coding standards. CI is indeed important for CS. However, it doesn’t necessarily have to 
mean that CS could not be practiced until CI is implemented. This method doesn’t address such a 
case.  

5. This method doesn’t address the question of evaluating the number of maturity levels, number of 
practices in each maturity level etc. Dependency score is tentative but can be a starting point in 
exploring this aspect. And such dynamics need to be incorporated into the evaluation method. 

6. Rules for certain cases in P1 <—> P2, such as mixed dependencies, have not been suggested in 
this method for the aforementioned reasons. 
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7. The evaluation results of the AMMs cannot be generalized as they have been evaluated based on a 
specific team. 

8. This is a limited evaluation of AMMs. This is because each AMM has its own set of agile 
practices. This method requires comparison of AMMs with case study in order to observe results. 
Therefore, only those practice whose information could be found in the case study can be used to 
evaluate the AMMs. 

 

5.9 Threats to Validity 
 
This research uses the classification scheme presented in [33] to discuss the threats to the validity. The 
following are the 4 aspects of validity: 
 
1. Construct Validity 

Construct validity is “to what extent the operational measures that are studied really represent 
what the researcher have in mind and what is investigated according to the research questions”  
[33]. This validity threat has been mitigated in the following ways: 
 
1.1. Definitions of Agile Practices 

There are no fixed definitions of agile practices. Therefore, there is a chance of 
misinterpretation of terms. To ensure the terms were univocal, the agile practices timeline 
sheet (Appendix I) presented to the interviewees prior to the interviews, consisted of the 
practices and their definitions. Also, these descriptions were constantly referred to during the 
interviews. Whenever the researcher was to face any confusion or uncertainty that could 
threaten the construct validity, they were noted down and later clarified with the point-of-
contact. One such instance occurred while discussing metaphors. It was eliminated by 
contacting the point-of-contact.  
 

1.2. Language Barrier 
From the researcher’s point of view, 5/6 interviewees were from different cultural 
backgrounds.  Therefore, as stated in [62], sometimes it took longer to communicate during 
interviews. To ensure that this didn’t affect the validity of the information gathered, all the 
ideas were discussed extensively. Follow-up questions, probing questions and interpreting 
questions [39] were frequently asked during interviews to ensure the accuracy of the 
researcher’s interpretation of the interviewee’s statements. During transcription, the author 
found some bits unintelligible. Understanding these parts may have added value to the data. 
Care has been taken to ensure no misinterpretations were made. 
 

2. Internal Validity 
When the dependencies are being discussed, say, factor A’s behaviour is influenced by factor B, 
there is a possibility that factor C also influences factor A but the researcher is unaware or doesn’t 
recognise this dependency. This could be a possibility in this research. 20 dependencies have been 
found in the case study. However, there is a possibility that more dependencies could have been 
discovered with additional interviews. During the interviews, it was made sure that any potential 
practice combination wasn’t left out of the discussion. The agile practices timeline sheet allowed 
interviewees to visualise the possible combinations of practices. Significant time was spent in 
exploring dependencies until the interviewees felt that they saw no more notable dependencies. By 
the 6th interview, a lot of information was being repeated which indicated the saturation of data. 
Only dependencies that have been stated and explained by the interviewees have been considered. 
No dependencies were based on author’s inferences. 
 
This research involves a significant amount of classifications. The classifications have been made 
based on the author’s interpretation of interviewees statements. However, there is a possibility of 
misinterpretation or bias. For example, the author could have motivated a practice classification as, 



 

80 

“Since the interviewees found only advantages and couldn’t think of any disadvantages; therefore, 
this practice is classified as a significant practice.” On the other hand, it could have been 
motivated as, “Despite facing disadvantages, the Team focused on the advantages and continued 
implementing this practice. This is an indication that this practice is a significant value to the 
Team.” However, this is a fallacy in the sense that they are taken out of context. To avoid such 
mistakes, the author has classified them with due diligence and though. Evaluation and revaluation 
of the choices were constantly made while referring to transcripts. An effort was made to 
sufficiently justify each choice while presenting sufficient evidence for that choice. The point-of-
contact was contacted as and when additional information was needed. However, the standard for 
classification need to be made more specific to mitigate this threat and it can be addressed in the 
future work. 

  
3. External Validity 

This aspect is regarding the generalisability of the results¾to what extent the results of this study 
are useful for those outside the investigated case. The advantage of case studies is the gathering of 
rich and accurate data whereas its downside is the generalizability of its results. However, for 
approaches like survey, the advantage is the generalizability of the results and the downside is the 
roughness of the underlying data. “Knowledge always arises in a context” and for this research, 
establishing the context richly and accurately was crucial [48], [63]. However, this evaluation 
method could be used to conduct more such AMM evaluations. For example, AMMs such as those 
that are for XP teams can be evaluated by using this method, by conducting a case study on XP 
teams. These AMMs could be evaluated using this method by studying other teams in the industry.  
 

4. Reliability 
This is regarding the dependency of data and analysis on a researcher and if it could be replicated 
by another researcher. While dealing with abstractions, the researcher ensured that the concepts 
were dealt with in relation to reality, i.e., by ensuring that they were connected to the concretes. 
Transcripts and codes were constantly referred and reread during analyses. Also, it was ensured 
that all important choices that were made in the study were explicitly stated. For example, ‘Some 
Decisions Made During the Derivation’ heading in the AMM results and justifications for the 
classifications in the analysis. 
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6 CONCLUSION AND FUTURE WORK 
 

6.1 Conclusion 
 
 
Over the years, agile software development has become increasingly popular in the industry. Teams in 
the industry have increasingly turned towards agile development. However, the existing agile methods 
only explained how these methods functioned and didn’t fully address the needs of the teams in the 
industry. The industry teams were found to have preferred a gradual implementation of the agile 
practices. These practices were almost always customised to suit their context-specific needs. Kent 
Beck suggested that the agile practices had dependencies between them¾that these practices 
reinforced each other [19]. However, there exists no well-defined or thought-out order to adopt these 
practices to leverage agile development.  
 
In the recent years, a new approach to agile development emerged¾known as the Agile Maturity 
Models (AMMs). These AMMs were typically inspired by CMMI, however distinct from one another. 
Researches such as [20], attempted to evaluate these AMMs and found that they were insufficiently 
validated¾especially in the industry practice. Therefore, this study was conducted with the aim to 
evaluate the relevance of these AMMs in the industry practice. If any of them were found to be 
relevant, then they could potentially be used by teams in the industry to leverage agile development. 
The existing agile teams that found themselves in the intermediate levels of such AMMs, could further 
improve.  However, if they weren’t found to be relevant, then this research could act as a caution for 
those practitioners who could potentially adopt these AMMs and risk failure.  
 
To evaluate their relevance, first, a set of agile practices and their descriptions were established. Then 
8 AMMs were found in the literature¾7 of them were obtained from a recent SLR. Then their 
maturity levels, suggested practices, and dependencies were derived. It was found that deriving 
dependencies between agile practices were not possible in the AMMs. However, dependencies were 
found in the maturity-level level. Not all AMMs suggested agile practices explicitly.  
 
Next, a case study was conducted in the industry. An agile team in a multinational company was 
studied. This team was an operations team. This team has been referred to as ‘The Team’ throughout 
this document. Interviews were conducted with 6 of the 10 Team members. The practices 
implemented by the Team, change in their implementation over the time, and their merits/demerits 
were elicited. 20 practice dependencies were found from the case study. In addition, this research also 
presented some differences in agile implementation between development and operations teams. 
 
Finally, these dependencies were compared with each of the AMMs. For an AMM to be considered 
relevant to a team, it should suggest the practices that the team found value in and address the 
dependencies between them. The fact that the Team practiced a certain set of practices out of several 
agile practices suggested that they found value in those practices. This was further supported by the 
merits and demerits stated for each of these practices. Not all practices were of equal value to the 
Team. Therefore, these practices were categorized into 2: significant practices and insignificant 
practices (here, described as those practices that weren’t a significant value to the team). Practices 
such as continuous integration, sprints, and face-to-face meetings were found to be significant 
practices while practices such as refactoring and TDD were found to be insignificant. Similarly, the 
dependencies found in the Team were categorised into 2: red dependencies (crucial dependencies) and 
green dependencies (low dependencies). It was found that some agile practice dependencies were 
indeed strong enough to have had a significant effect on the Team. For example, the dependency 
between CI and short iterations and frequent releases. Further, a concept to address practices that 
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showed significant change over the time was suggested. However, this concept is tentative and needs 
further research.  
 
A method to evaluate AMMs in the industry practice was presented in this study. Based on this 
method, the AMMs were evaluated as ‘relevant’, ‘mostly relevant’, or ‘not relevant’. By comparing 
the AMMs with the case study, it was found that none of the AMMs was relevant or mostly relevant. 
All of the AMMs evaluated were found to be not relevant with the exception of M2¾which couldn’t 
be evaluated as it suggested very few practices and heavily relied on the practitioner’s choices.   
 
This evaluation method needs to be improved. The evaluation was limited. It was because each AMM 
had its own set of practices and not all practices could be evaluated. Only those practices for which 
information was found in the case study could be used for evaluation. By improving this evaluation 
method, especially in the maturity levels aspect, the AMMs could be evaluated in a more sophisticated 
way. This method could also be used to evaluate additional AMMs such as XP AMMs by studying XP 
teams in the industry.  
 
Further, by studying more teams in this way, more instances of the dynamics present in the industry 
teams could be gathered. And these dynamics could potentially be used to develop AMMs that would 
be relevant in the industry practice. This research could be considered as one of the beginning steps 
toward the greater goal of realizing a ‘next generation’ approach to agile development¾fully relevant 
AMMs that could be used by the practitioners to leverage agile development.  
 

6.2 Future Work 
 
Additional case studies could be conducted to strengthen the results. Also, this study was primarily a 
qualitative study. The evaluation could be performed with a more quantitative approach. This study 
only considered AMMs that were suitable for the investigated case. There are AMMs for XP teams 
such as [64], [65], [66]. These AMMs could be evaluated in industry practice by using this evaluation 
method to study XP teams. This evaluation method is not complete and has scope for improvement. 
This case study was conducted on an operations team and not on a development team. There were 
some differences found between development and operations teams. This could be further investigated. 
 
Lastly, the need for an AMM or AMMs that could be considered relevant in the industry practice, that 
would help teams (such as the investigated case) in alleviating agile adoption and leveraging agile 
development resulting in a greater success. 
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