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ABSTRACT 
 

Context. Software engineers have been endeavouring to quantify software to obtain quantitative 
insights into its properties and quality since its inception. As of late, the use of Lean and Agile 
(LeAgile) methodologies is turning out to be progressively mainstream in the software industries. 
Managing software life-cycle tasks including planning, controlling and monitoring is primarily done 
by measurements. This is particularly valid in LeAgile organizations where these are day-to-day 
activities. On other words, dealing with agile development process like in any process, requires the 
collection of appropriate metrics to ensure visibility, inspection and adaptation as it is vital to know 
the effect of these methods and how product development and projects are performing. Are the goals 
being met? Are there any wastes? Is value being created? All of this is dependent on the ability to 
measure as correct and as objective as possible. Getting good metrics and interpreting them correctly 
is central in any product development organization. In agile approaches, the use of any metric needs to 
be clearly justified to decrease the amount of inefficient work done. This draws the need to discover 
metrics that are relevant to LeAgile methods to entail the benefits of measurement. 
Objectives. The main objective of this paper is to understand the current state-of-the-art and state-of-
the-practice on the metrics usage in LeAgile methods. Additionally, to identify metrics that are 
suitable and have a high strength of evidence for their usage in the industries. Likewise, to construct a 
LeAgile measurement model based on the application of the metric’s context. 
Methods. This paper presents a two-step study; Firstly, a Systematic Literature Review (SLR) is 
conducted to present the state-of-the-art on using metrics in LeAgile Software Development. Second, 
to allow a better understanding of what measures are currently being used in collaboration between 
industry and academia, we have performed a case study at Telenor. 
Resul ts. We found that metrics was mainly used to have an efficient flow of software development; to 
assess, track and improve product quality; for project planning and estimations; for project progress 
and tracking; to measure the teams and others. Additionally, we present the metrics that have 
compelling use and are worthy to be used in the industries. 
Conclus ions. We conclude that traditional metrics or besides any metric can be used in an LeAgile 
context, provided they do not harm the agility of the process. This study identified 4 new metrics 
namely Business Value, Number of disturbance hours, Team Health check survey and Number of 
hours spent on IT divisions that are not present in the state-of-the-art. The gaps identified in the 
LeAgile measurement model built in this study can provide a roadmap for further research pertaining 
to the measurement model. Any of the topics identified as a means of completing the LeAgile 
measurement model developed in our study can be a fruitful area for future research. 

 
Keywords: Agile, Lean, metrics, measurements 
software engineering. 
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                                                                                INTRODUCTION 
 

“You can’t improve what you don’t measure” implies “You can’t measure if you don’t define” 
[1] 
 

1.1 Area of Study 

Software engineers have been endeavoring in quantifying software to obtain quantitative insights 
into its properties and quality since its inception [109]. Measurements are an imperative aspect of 
software development as without metrics, measuring improvements and identifying best practices 
would be outlandish [35]. The primary purposes for using measurements in software development 
include making business decisions, determining success, driving team behaviors, increasing 
satisfaction, and improving the decision-making process [45]. Likewise, metrics can be used to 
provide objective insights and assess the impact of software process changes [7]. Having said that, the 
single-most noteworthy determinant of measurement success lies in the answers to the following 
question: “How badly do you want to know the information and by what means will you utilize it?” 
[114].  

Agile methodologies are becoming mainstream in software industries due to the varied benefits in 
terms of production, speed and quality [166]. Given that the adaptation into Agile Software 
Development (ASD) process is rapidly increasing, it is imperative to measure the success of the 
change and lack of visibility to any progress made can decrease motivation among the personnel [89]. 
“How would we know whether there is an improvement without measuring it?” [6]. Measurement is 
unquestionably an effective tool for enhancing agile software development processes, subsequently 
prompts to a better software [45]. In other words, dealing with agile development process like in any 
process, requires the collection of appropriate metrics to ensure visibility, inspection and adaptation 
[38]. 

Managing software life-cycle tasks including planning, controlling and monitoring is primarily 
done by measurements. This is particularly valid in agile organizations where these are day-to-day 
activities. Though agile processes try to minimize the impact of insufficient estimation accuracy, 
accurate estimates form the basis for planning, prioritizing, bidding and contract negotiations [15]. 
Continuous monitoring of the development process through appropriate set of measures is crucial in 
making proficient decisions and to build certainty at all management levels [12]. This is because 
senior managers are expected to keep track of all the projects by recognizing alarming issues as they 
occur [26].   

The emphasis of measuring business value spreads the awareness of how the team contributes in 
delivering the value and this drives the success of Agile projects [84]. The focus on optimizing the 
flow of value chain prompts in combining the agile processes with lean software development’s end-
end perspective [92]. The first step in increasing the success of this pilot effort (i.e. enhancing agile 
methods with lean principles) can be achieved by eliminating the wastes within the process, thereby 
obscuring and delaying client defined value [28]. This is possible by measuring several aspects of the 
development process which empowers the managers to control, manage and steer the development 
process [10]. Thus, the area of our study is on metrics used in Lean and Agile Software Development 
(LeAgile) as shown in fig 1.  
                                                                      

 
                                      
 

                            Fig 1: Area of the Study. 
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1.2 Problem 
 
A typical misguided judgment is that metrics are not used in lean and agile methods. The 

explanation behind this is that if measurements are inbuilt in agile development, then it is 
inconceivable to implement the agile framework without it, but then agile methods are currently the 
widely-used ones across the industry [38]. By the contrary, the short cycle, quicker-change-response, 
roll-planning, test driven development nature of these methods require consistent measurements of 
project’s process and products as to ascertain progress. If “working software is the primary measure of 
progress” as expressed in the Agile Manifesto, then agile organizations need a method to quantify 
completion of its products and determine progress [38]. This implies that the prominence of 
individuals over tracked documents, self-management, quick response to change and working 
software is an essential metric in an agile context [13]. The effectiveness of metrics may change over 
a span of several iterations as the software develops and the measurements in agile must reflect its 
empirical nature [62,48]. Thus, traditional metrics when used in an agile context often leads to 
inaccurate results [43, 92]. Given this environment, there are various challenges in endeavoring to 
gauge and examining the outcomes within an agile process as presented in Table 1. For instance, 
effort estimations become harder as these methods usually do not come with detailed requirement 
specification, analysis and design documents at the beginning of development [52]. To, overcome 
these difficulties, various new methods have been proposed that considers this agile nature for 
accurate estimations [52, 74, 76]. ASD is regularly scrutinized for leaving too little pace for external 
oversight of the projects. Thus, key metrics are needed for monitoring the agile projects; given that IT 
projects fail due to poor management and lack of appropriate monitoring [48]. Moreover, 
misunderstanding the project status may prompt in decreasing the confidence regarding successful 
completion followed by attempts to reintoduce traditional plan-based control mechanisms and 
subsequent retreat from agile principles and practices [77]. To enable better forecasting and project 
management, suitable metrics are presented to gauge the project status for better monitoring of agile 
projects [26, 56]. Furthermore, continuous improvements and flow are central in LeAgile 
organizations and metrics help in identifying wastes and remove bottlenecks for tracking continuous 
improvement and end-end flow of work [45, 102]. 

We study Agile and lean together as they share the similar objectives and standards and we view 
lean as a unique instance of agile [1]. In agile approaches, the use of any metric needs to be clearly 
justified to decrease the amount of inefficient work done [30]. With the varied number of studies on 
the use of metrics in lean and agile software development it is still unclear what metrics are used for 
what purposes. In addition, for the metric to work, it is vital to comprehend what the measurement 
means and how it functions. Many organizations are unaware on what aspects to measure in an 
LeAgile context due the lack of knowledge on the implementation and purpose of the available 
industrial metrics in the literature. This draws the need to discover which of them are more relevant in 
large industrial contexts and likewise to understand the purpose of using metrics in LeAgile contexts 
[3,42]. Additionally, further empirical work and research is needed to give a complete solution to 
LeAgile measurement [92] and this paved the way for the research.  
 

1.3 Aims and Objectives 
 
 The main aim of this study is to investigate the metrics applied in Lean and Agile Software 
Development contexts as described in the literature and as used in the real-world settings. We also aim 
to identify metrics that are suitable and have a high strength of evidence for their usage in the 
industries. The following objectives guide in addressing the above goals:  
1. Firstly, to understand the current state-of-the-art on metrics usage in LeAgile Software 
Development present in the literature. Also, to understand the state-of-the-practice on the metrics use 
in LeAgile organizations. 
2. To construct a measurement model based on the application of the metrics from the literature and to 
complement it with the state-of-the-practice on the metrics use in LeAgile organizations.  
3. To elicit the measurement goals/needs in an LeAgile context and metrics that are used to address 
these goals. 
4. To allow a better understanding of what measures are currently being used through collaboration 
between industry and academia.  
5. To identify gaps in the knowledge i.e. the state-of-the-art from the industrial context and to fill the 
missing parts of the measurement model.  
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 To achieve the above objectives, we conducted a two-step study – (i.) A Systematic Literature 
Review (SLR) to present the state-of-the-art on the metrics used in lean and agile process. (ii.) To 
enrich the understanding on the metrics used in collaboration between the industry and academia, we 
study the state-of-the-practice on the metrics usage at Telenor. Our study is relevant to both the 
researchers and practitioners; to researchers who aim to support industrial software development and 
for practitioners to get an overview of the metrics used in the context of LeAgile software 
development, whereby the results can be valuable to practitioners without them having to understand 
any of the underlying theory. 
 
1.4 Outline of the thesis 
 
This article is structured as follows –  
 
Chapter 1 – The first chapter gives the introduction of the study. Here, the area of the study, the 
problem and the significance of the study is presented. 
 
Chapter 2 – The second chapter presents the background and related work which includes descriptions 
and previous research done on the research topic. 
 
Chapter 3 – The third chapter presents the research questions (RQ’s) and the research methods 
designed to answer the RQ’s are explained. Furthermore, the data collection and analysis methods 
followed by the threats to validity are also described. 
 
Chapter 4 – This chapter contains the results and analysis for the RQ’s mentioned in chapter 3. 
 
Chapter 5 – In chapter 5, we present the LeAgile measurement model built based on the results 
gathered in chapter 4. 
 
Chapter 6 – This chapter contains the conclusions and future work followed by references.   
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                                     BACKGROUND AND RELATED WORK 
 
In this chapter, we present an overview on the background and related work done on the area of our 
study. We describe the need for measurement, benefits of using measurement and relation between 
measurement and metrics in Section 2.1. Section 2.2 explains the Lean and Agile methodologies 
followed by the challenges of measurements along with solutions addressed in these contexts in 
section 2.3.  

 
2.1 Measurement 
 
  Measurement lies in the heart of many systems.  Measurement is the process by which number or 
symbols are assigned to attributes of entities in the real world in such a way as to describe them per 
clearly defined rules. The importance of measurement in software engineering cannot be understated 
since software persuades our lives [50]. With the increasing priority of software products in industry, 
the process of developing the software has stolen the limelight by the software engineering researchers 
and practitioners over the decades [51]. The measurement of a software process is a significant 
component in the venture of reaching predictable performance and high capacity and ensuring that 
process artefacts meet their specified quality requirements [53,60]. Software measurement is a needed 
component of every software process improvement program and empirical outcomes demonstrate that 
measurement is a crucial factor for success [63,64]. Software measurement helps in understanding, 
evaluating and controlling the products, projects and software processes from the viewpoint of 
planning, tracking, evaluating, controlling and understanding [68]. It helps organizations in comparing 
and improving performance and quality of processes and accesses in predicting software 
characteristics in support of decision making [81]. Measurements motivate and justify the amount of 
effort put into the work by making the outcome visible [88]. It is also said that; the absence of a 
systematic and reliable measurement procedure is the highest contributing factor to the failure of 
process improvements [90]. In the light of the above statements, software measurement is proven as 
the most efficient way for understanding and improving software development projects by showing 
the problematic areas in the system quality and thereby burying the seed for software process 
improvement [97].   
 It has been more than a long time now that DeMillo laid out the pertinence of software 
measurement and software metrics [98]. Software metric is a collective term used to explain the wide 
range of software measurement activities [100]. A metric is defined as “a measure or a combination 
of measures for quantitatively assessing, controlling or improving a process, a product, a team” [92]. 
A good software metric should be simple, precisely definable, measurable, and objective should be 
attainable at a reasonable cost [43]. They are classified into three categories namely: Process metrics, 
product metrics and project metrics. Process metrics measure the process of software development, 
product metrics measure the product attributes in any development phase and project metrics monitor 
the situation and status of the project [117]. History of software metrics over the past 30 years teach 
that to get greater accuracy and relevance of results, there is a need for organization-specific input 
[100]. They are used in large organizations to gain understanding of their systems and to identify their 
potential design issues [118]. Mischelle Lanza et.al [118] termed software metric-  a Swiss army knife. 
 The key objective of software metric is to provide information that supports managerial decision-
making during the software lifecycle. This is of prime interest to managers of any organization as 
support for decision-making implies support for assessing and reducing the risks [100]. Moreover, it 
was also observed that traditional approach to software metrics failed to address the key objective of 
metrics [100]. This shifted the focus of software metrics to the Agile way of work. 
 
2.2 Lean and Agile Software Development   
 
  In the recent decade, Agile methodology has transformed from sect techniques to mainstream 
methodologies [41]. Agile software development(ASD) is a contradiction to traditional software 
development. ASD is an umbrella term which has collection of several iterative software development 
methods [41] which focus on quicker deliveries, less planning, responding to change and customer 
satisfaction [34]. Each method in Agile has its own process implementation, tools and characteristics 
[77]. Agile spotlights on individual conversations, face-to-face communications which leads to 
knowledge transfer and continuous learning [22]. Another major advantage of the adoption of agile 
methods is the customer has control over the process and the projects as they propose to have 
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customers on-site [22]. The success of agile methods is dependent of the ability of the development 
team performing continuous integration of the product being delivered to reduce cost [41]. The most 
popular development methods in agile include Scrum and Extreme Programming(XP) [65]. 
 Scrum is an iterative and incremental ASD method [41] which is characterized by daily scrum 
meetings [119]. Scrum follows the principle of “maximizing the amount of work to be done” and the 
application of this principle has resulted in the reduction of work in every category (in terms of 
defects, process overhead and total work) by 50% [65]. It focuses on frequently prioritizing the 
requirements to maximize the Return on Investment(ROI) [111]. The key driving factor of Scrum is 
the product backlog, which contains all the business requirements of the product [41] and each 
iteration in Scrum is termed as a Sprint whose maximum duration can be of 4 weeks [80]. The major 
difference between Scrum and XP is Scrum has assigned roles in the development process whereas 
XP does not. It is implemented through three roles namely the product owner who maintains the 
product backlog, scrum team who develop the functionality and are self-managing in nature, and the 
scrum master who takes the role of the project manager and is responsible for managing the scrum 
process [103]. The product owner plans the sprint by selecting and estimating the effort for items in 
the product backlog. During the development, the scrum team meets up for daily scrum meetings 
which tracks the progress and at the end of sprint a demo is presented. 
 XP is one of the most popular agile methods [71] and tends to be the best accepted development 
methodology by e-project developers [120]. XP is based on five main values communication, 
simplicity, courage, feedback and respect and uses 12 recognized practices: Planning Game- where 
the customers and developers select the most important user stories and plan the iteration, Small 
iterations- in which the team delivers the products for the selected stories in planning game, Simple 
Design- the design of the developed stories should be simple to reduce cost, Pair Programming- 
developers should work in pairs to perform the development, Refactoring, Continuous Integration, 
Collective code ownership- there is no single ownership of code in XP, sustainable pace, on-site 
customer and Metaphor- i.e. every member of the development process including the customer should 
use a common understandable language [86]. Recent reports have stated that there is an increase in 
productivity and product quality with the application of XP principles [59].  
  Apart from the above-mentioned methods, Agile methods can further be enhanced by adopting 
Lean principles [2]. Lean Software Development(LSD) is an agile paradigm whose main principle is 
to create customer value and eliminate waste in the process [3,28]. Lean software development is 
applied by many organizations as lean achieves more with less resources [121] i.e. lean produces in 
one-third of the original time, cost and defect rate [122]. Robert Charette states that LSD is useful in 
building a change-tolerant organization [123]. The concepts are summarized as “All we are doing is 
looking at the timeline from the moment a customer gives us an order to the point when we collect the 
cash. And we are reducing that timeline by removing the nonvalue-added wastes” [124]. 
 Agile and lean are studied together as they share the same principles and standards [1]. Though 
many state that Agile and Lean are synonyms and can be used together, Robert Charette, the founder 
of Lean SD says that agile is a bottom up approach while lean is top down approach [123]. 
Furthermore, Kai Peterson also states that agile and lean agree to their goals and lean is agile when the 
principles of lean reflect the principles of agile, while lean also has a unique principle of end-to-end 
perspective. His theory thereby states that “agile uses practices found in lean” but the reciprocal is not 
true i.e. lean utilizes a practice that is not found in agile i.e. end-to-end perspective [125].  
 Kanban is a special case of Lean and is applied in software development using the Kanban 
principles – to visualize the workflow, limit the Work in Progress(WIP), and to measure and optimize 
the lead time [31]. The development tasks are written on the Kanban boards using sticky notes and are 
moved from left to right across the board based on the progress of work [126]. Although Kanban 
looks like agile, the former primarily focuses on limiting WIP and the concept of time-boxed duration 
(fixed iterations) is not used in Kanban [127].  
 
2.3 LeAgile metrics and measurements 
 
 While software metrics help in assessing the status of a project, process, product and resource use, 
the suitability of metrics is ASD process is often questioned due to the overheads involved. The 
challenges of metrics usage in ASD and the solutions proposed by various authors to overcome these 
challenges are presented in Table 1. 
 Agile and lean methods use low-tech solutions for communicating and negotiating on the content 
of project scope which is not applicable in all cases. To overcome this issue, the author proposed a 
method to benefit from the code base metrics which does not require large collection of metrics from 
the team [30]. Estimation of user stories which is very crucial in project planning is difficult in agile. 
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Nils C. Haugen et.al [15] presented planning poker technique for the user story estimation in ASD. 
Similarly, the authors of [52] proposed measures to estimate the development effort in ASD and stated 
that effort estimation is not difficult in agile when the user stories are written in a structured manner. It 
was observed that the application of continuous delivery in industry is dependent on its adaptability 
for which the authors of [44] extended the Rugby’s workflow mechanism and made it adaptable. This 
addressed the issue of neglected testing, continuous delivery and continuity in industry.   
 Sharon Coyle et.al [38] presented socially constructed metrics to ascertain agile software 
development quality and helped the agile teams in quality management. Due to the correlation 
between process and product quality, improving test quality tends to achieve high product quality and 
for which the authors of [41] present metrics to measure the test quality. As it is difficult to measure 
internal software quality in agile in terms of continuous integration, 3C approach is presented in [18] 
to mitigate this issue. The 3C approach is adding continuous measurement and continuous delivery to 
continuous integration which provides quality assurance in ASD. Defects are the main cause for 
quality concerns in industries. Predicting the number of defects is difficult in large software projects 
as they require complex statistical methods which are hard to apply by industrial practitioners. Study 
[24] presented the defect backlog indicator to predict the level of quality instead of using the number 
of defects. The key goal of any organization is to have happy and satisfied customers which can be 
achieved by quicker deliveries. Reduction of delivery time keeping the team communication and 
customer collaboration intact is a difficult task. The authors of [12] present measures that increase the 
team confidence which enables them in taking short term and long-term decisions. 
 The lack of awareness among the managers of the various monitoring and controlling mechanisms 
leads to uninformed decisions with unsuccessful outcomes. To overcome this, a list of KPI’s and 
interventions are presented to help the managers in controlling the process [10]. Continuous delivery 
is a software development process through which all the developed new features will be made 
available to the customers. Deployment pipeline is a key component of continuous delivery and there 
is lack of metrics which predict the performance of deployment pipeline for which metrics are 
presented in [45]. Continuous track of project status is important and the failure in tracking progress 
leads to delay in the delivery time, develop projects beyond estimated cost lack of quality. A 
combination of process and product metrics is used to achieve the desired level of quality [48]. Hyper 
productivity is a situation where the scrum teams need more information to measure it. Metrics were 
used to help the scrum teams in measuring hyper productivity [58]. Possible loss of management 
control is a key concern in implementing ASD providing a need for monitoring progress. Measures 
like velocity, cost performance index and amount of remaining work are presented which give details 
on all the aspects of scrum projects and thus not providing additional scope for data collection or 
harming the agility of scrum [19]. Scrum encourages distributed teams in which communication is a 
key challenge to ensure the visibility of status among the teams.  This issue is addressed by T3 tool 
which provides visibility into the project progress and supports rapid application development [27]. 
 While the above-mentioned studies have implemented Lean and Agile metrics and addressed 
several issues, it is still unclear what metrics can be used in each context and if they can be applied in 
similar contexts. To understand what metrics can be used for what purposes, it is important to study 
them in large industrial contexts to get an overall complete picture on the usage of metrics in LeAgile 
organizations. This gives a clear picture on the metrics that have high strength of evidence to be used 
in the industries.  
                
                 Table 1: Challenges of using metrics in agile and lean software development 
Paper 
ID 

Challenge Proposed Solution 

[30] Agile and lean teams use low-tech solutions for 
communicating and negotiating the content of project 
scope. But this does not serve all the purposes like 
different characteristics of a code base. 

To overcome this issue, the authors 
propose a method to benefit from 
the code base metrics which does 
not require large metrics collection 
from the team. 

[37] Agile teams struggle with quality measurement, often 
supported by a plethora of metrics that do not adhere 
to rapidly changing project environments. 
 

The authors present a method to 
develop socially-constructed 
metrics for ascertaining agile 
software development quality. 
 

[38] There is contradiction in implementing metrics in 
scrum. 

To overcome this, the authors 
implemented metrics for continuous 
integration in scrum and resolved 
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the issue. 
[12] Aiming to reduce delivery time while raising 

communication and customer collaboration. 
The presented metrics increase the 
confidence of team members 
enabling them in taking accurate 
and professional decisions for both 
short- and long-term purposes. 

[41] Agile methods focus on projects with a problematic 
development phase. As the product and process 
quality correlate, to achieve improved test quality 
assures high quality products. 

This study presents a metric to 
measure the quality of the testing 
process. 

[43] Though metrics used for agile context are available, 
very little is known on their use and suitability in 
agile context. 

This study explores the metrics for 
ASD, use of metrics and their 
benefits. 

[10] Software development managers generally are 
unaware of the complete set of monitoring and 
control mechanisms that are available to them, 
leading to uninformed decisions with unsuccessful 
outcomes. 

Presents a list of KPI’s and 
interventions that helps managers in 
controlling the process. 

[15] Estimation of user stories Planning poker technique is 
presented as a solution to estimate 
user stories in ASD. 

[44] The applicability and acceptance of continuous 
delivery in industry is dependent on its adaptability 

To address this issue with delivery 
process, infrastructure, neglected 
testing and continuity in industry, 
the Rugby workflow is extended 
and made adaptable. 

[48] Software projects experience delays, fail to deliver 
with the expected quality and cross the planned 
budget due to poor project management. This is due 
to the lack of information on the project status. 

A combination of product and 
process metrics are presented to 
achieve the desired quality. 

[52] Prediction of development effort is difficult in ASD 
as the requirements keep changing. 

A method is proposed to measure 
the development effort through 
which it was observed that effort 
estimation is successful in agile if 
the user stories are written in a 
structured manner. 

[58] Lack of scrum metrics to measure hyper productivity 
where the teams require more data to measure them. 

Presenting metrics that are used to 
measure productivity in the teams.  

[18] To measure the internal software quality in terms of 
continuous integration using metrics 

The 3C approach is presented by 
adding continuous measurement 
and continuous improvement to CI 
and provides quality gates for 
quality assurance in ASD. 

[19]  Possible loss of management control is a key concern 
in implementing ASD. This provides the need for 
monitoring progress. 

Provides measures that give insights 
on the all the aspects of the scrum 
project and the data collection does 
not require additional work and 
does not harm the agility of process. 

[21] Efficiency of customization processes with short lead 
times is priority of software companies  

Identifies waste related problems in 
software product customization 
process using value stream 
mapping. 

[20] Timberline faced problems such as not having project 
status visibility, experienced wastes such as rework 
and delays in delivery. 

Proposed metrics to gauge the status 
and established quality metrics. 

[27] Communication is challenge in geographically 
distributed agile teams. 

The T3 tools presents visibility into 
the project progress and supports 
rapid application development. 

[24] Predicting the number of defects to be resolved in 
large software projects (defect backlog) usually 

The defect backlog indicator is the 
basis for forecasting the level of 
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requires complex statistical methods and thus is hard 
to use daily by practitioners in industry. Making 
predictions in simpler and more robust way is often 
required by practitioners in software engineering 
industry. 
 

defect backlog. Using this instead of 
the number of defects provides 
accurate results. 

 
 This study fills the gap by exploring the state-of-the-art on the use of metrics in lean and agile 
software development and aims to construct a measurement model in view of the goals of metrics 
found in the literature. This can serve as a good starting point to enrich our understanding of what 
metrics are suitable for LeAgile processes and aides in identifying gaps in the measurement model. To 
allow a better understanding of what measures are currently being used in collaboration between 
industry and academia we have performed a case study at Telenor. In the light of the case study, the 
state-of-the-practice in using measurements in the industry can be mapped to the measurement model 
and this helps in gaining knowledge about the gaps in the model and completes it. This constitutes the 
main contribution of our study. 
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                                                                               METHODOLOGY 
 
 
This chapter presents the research questions undertaken for this study. A detailed step-by-step 
procedure of the research method adopted in this study to answer the research questions is described 
in Section 3.2 and Section 3.3. Further, the data collection and analysis methods are explained in 
detail followed by the threats to validity.  
 
3.1 Research Questions  

Table 2 presents the research questions designed for our study, its motivation and the research method 
used to answer the research questions. 
                                                                            
                                           Table 2: Designed research questions for the study 
Sl. No Research Questions                 Motivation Research 

Method  
RQ1 What is the current state-of-

the-art on the use of metrics 
in organizations using 
LeAgile development 
methods to develop software 
intensive products/services? 
 
 

Metrics for Agile methods should not be 
simply adopted from plan driven 
approach, but must be defined in such a 
way that they do not harm the agility of 
the development process [19]. Also, 
implementation of traditional metrics in 
agile context yields in inaccurate results 
[25]. Hence, the primary thought 
process for the formulation of RQ1 is to 
investigate the measures that have been 
described for LeAgile Software 
Development. Further, to present the 
current state of knowledge and 
understanding regarding the use of 
metrics in LeAgile Software 
Development. 
 

Systematic 
Literature 
Review (SLR) 

RQ1.1 Which of the reported 
metrics are defined and 
connected to goals that 
indicate the aim of the 
metric? 

“Tell how you will measure me, I will 
tell you how I behave” [1] 
The above assertion implies that 
measurements must be clearly defined to 
have a deep analysis of metrics 
behaviors and weather it is satisfying its 
purpose. With the varied industrial 
studies on the use of metrics in agile 
software development, it is still unclear 
about what metrics are used for what 
purposes. Many organizations are 
unaware on what aspects to measure in 
an agile context due the lack of 
knowledge on the implementation and 
purpose of the available metrics used in 
an agile context in the literature. 
Further, there is a need for more 
industrial studies to discover and 
understand what metrics are suitable in 
an agile context [3, 42]. 

 

RQ1.2 Which of the reported 
metrics have been validated, 
and to what extent is 
evidence of usefulness 
reported?                                             

Researchers must concentrate on 
popular industrial metrics to support 
industrial software development [1]. In 
our study, we investigate if the studies 
have an indication of the metric being 
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useful. The rigor and relevance of the 
studies can help in deducing the 
trustworthiness of the metrics. Hence, 
RQ2 is framed to list the metrics that are 
applicable in an industrial environment.  

RQ2 What is the current state-of-
the-practice on the use of 
metrics in LeAgile 
development of software 
intensive products and 
services? 

To enrich an understanding on what 
metrics are used in collaboration 
between industry and academia RQ2 
was formulated. With respect to RQ2, 
the purpose is to explore the current 
measures used in practice.  

Case Study 

RQ2.2 Which of the reported 
metrics are defined and 
connected to the goals that 
indicate the aim of the 
metric? 

To state the metrics that are defined   
with respect to RQ2, and to analyze if 
the metrics support its intended 
rationale. 
 

 

RQ3 To what extent is it possible 
to combine state-of-the-art 
and state-of-the-practice to 
develop an overall “LeAgile 
metrics model” that is 
connected to the goals? 

On other words, this question is derived 
to build an overall LeAgile 
measurement model considering its 
goals by combining the current state of 
knowledge and practice. This is done to 
understand the context and purpose of 
measurements in LeAgile software 
development; thereby enabling the 
organizations to decide which metrics 
they can use in their projects.  

SLR and Case 
Study 

 
3.2 Systematic Literature Review  

 This study has undertaken a Systematic Literature Review (SLR), which is a well-defined and 
rigorous strategy for identifying, assessing, and deciphering the present research relevant to a research 
question, topic area, or phenomenon of interest [87]. SLRs plan to present a reasonable, fair, and 
trustworthy assessment of a research topic [85]. 
 In general, the rationale for conducting a SLR are: (1) To sum up the existing evidence about a 
treatment. (2) To find the current research gaps with an aim of suggesting areas for future research 
work. (3) To recommend a theory for new research areas and (4) To aid in designing of novel 
proposition [87]. Deduced from our aims, the first two reasons fit the point of this review. 
 To affirm if a review like ours has already been reported, we performed a search on the Scopus 
database using the following string – 
((“Software Metrics or measurement”) AND (“Agile OR Lean Software Development”) AND 
(“Systematic literature review” OR “literature review” OR “systematic review” OR “mapping study” 
OR “scoping study”)). 
 The Systematic review [1] was retrieved, unlike our review it includes only empirical studies and 
performs a database search for identifying relevant papers. Our SLR seeks to conduct a more rigorous 
search on the studies that report on the use of metrics in ASD using the snowballing search strategy, 
thereby giving a more complete insight on the available evidence. 
 This study is carried out based on the guidelines provided by Wohlin and Staffs [128, 87] and the 
suggestions given in Kitchenham et.al and Badampudi et.al [85,129].   
 
3.2.1 Study identification 

 The study identification includes finding as many as relevant studies possible with regards to the 
research questions. To address the research questions (RQ1) the steps in fig 2 (1-8) are executed and 
each of the steps are presented in detail in the following sub-sections. To address the possible validity 
threats in our study, the quality assurance (QA) activities are incorporated in each step. These QA 
activities are explained later in the subsequent sub-sections. As seen in fig 2, the letter on each data set 
determines its evolution and the number represents the size of the data set – I = Initial data set with 
size 302; A = Refined data set with size 22; B= Snowballing data set with size (200); C= Final Data 
set with size (90). The dependency relation (arrows) represent the usage of a dataset as an input to a 
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step. The Quality assurance (QAx where x = (1 to 6) activities are performed iteratively between the 
authors and reviewers; the dashed line indicates the independence of the reviewers.  
 
 
 

 
                                                                   Fig 2: The Review Protocol. 
 
3.2.1.1 Search String formulation  

 
 In our protocol, the only reason for search string formulation and identify data sources steps (step 
1 and step 2 in fig 2) is to construct a start set for the snowballing search step. 
 One general approach to formulate the search string is by classifying it as per the PICO 
((Population, Intervention, Comparison, Outcomes, Context) criteria. However, it is note-worthy that 
the recent guidelines on systematic review for software engineering are aligned to exclude such a 
categorization [85]. On considering the recent suggestions, we have kept the population and 
intervention components and excluded the outcomes and context. A systematic review for software 
engineering states the population as the objective of the systematic review and the intervention as 
what can be observed with regards to the systematic review [130]. In the light of such definitions, we 
state the population as measurements in LeAgile software development and intervention as metrics 
used in lean and agile context. 
 To assist the construction of search strings and to assess the quality of the search process we use a 
data set of known studies called as Quasi-Goal Standard (QGS) (see Table B.1 in Appendix B) [87]. 
Here, we have done an initial manual search to identify a set of known studies (QGS). We derived the 
synonyms and alternative spellings as shown in table 3 to the terms related to the population and 
intervention from the QGS to compose the search string.  
 
                                 Table 3: Search terms used to construct the search string 
Keywords Synonyms 
Metrics Metric*, Measur*, indicator, diagnostic 
Agile  XP, Scrum, Kanban, Lean, iterative, Extreme 

Programming 
Development Management, Governance 
                                            
 The derived search string is refined through a series of pilot searches as shown in fig 3 until a 
trade-off between sensitivity and precision is reached relative to the QGS data set. Sensitivity is 
defined as “the relative amount of related studies retrieved for that topic”; and precision is “the 
relative amount of retrieved studies that are related studies” [131]. 
We calculate the sensitivity and precision of our search strategy using the following formulas [132]: 
       Sensitivity (s) = Number of related studies retrieved/ Total number of known studies * 100… (1) 
      Precision (p) = Number of related studies retrieved/ Total number of studies retrieved * 100… (2) 
 
 The search string formulation ends when a search reaches a sensitivity of 70% and a precision of 
2.5%. However, we expect a better precision value with our snowballing complementary procedure.  
 
The search string formulated after a series of string refinement is given below –  
 
(Software AND (metric* OR Measur* OR indicator OR diagnostic) AND (Agile OR XP OR Lean OR 
Extreme Programming OR Scrum OR Kanban OR Lean OR Iterative) AND (Development OR 
Management OR Governance) (LIMIT-TO (SUBJAREA, ‘‘COMP’’)) AND (LIMIT-TO 
(LANGUAGE, ‘‘English’’)). 
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3.2.1.2   Determining the Data Sources 
 
 We performed a manual search to prevent missing of important studies in domain relevant venues 
to form a data set of known studies (QGS). Each identified study in the publication venue was 
checked and the pertinent ones were selected which resulted in a data set of 10 known studies (QGS). 
To form the start-set for the snowballing step, the search string formulated from step 1 is executed in 
the Scopus database to thoroughly retrieve related studies. We selected Scopus as it indexes IEEE, 
ACM and Elsevier publications and other vital software engineering sources of empirical studies such 
as the Empirical Software Engineering Journal and the Springer Lecture Notes on computer science 
series. For software engineering researches, it implies that SCOPUS indexes many of the leading 
publications and this makes it conceivably a powerful tool for research.  
 The search results constitute the initial data set (I). For the initial data set, the inclusion and 
exclusion criteria is applied (Refined data set (A)) which constitutes the start set to identify more 
relevant papers through snowballing. The supervisors reviewed the search string and the results, this 
represents the execution of QA1.   
  

                                         
 

                                    Fig 3: Formulation of the Search String 
 
 
3.2.1.3 Inclusion and Exclusion Criteria 

 
 To settle on choices on whether to include a paper in our study we have adopted the accompanying 
criteria as shown in Table 4 and 5. 
 
                         Table 4: Inclusion Criteria for determining the papers for the study. 
Inclusion Criteria Rationale 
Studies that report on the use of metrics used in 
Lean and Agile Software Development 

Our study focusses on metrics that are used in a 
lean and agile context. 

Studies where the full-text is accessible If the full text is not accessible for reviewing, 
then there is no data to audit and extract. 

Papers written in English Due to the time constraints, studies written in 
English are considered as it takes time for 
interpretation of different languages. 

Peer and Non-Peer reviewed sources 
 

Apart from including peer-reviewed sources in 
our study, we’ve included grey literature as is 
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widens the scope for more relevant studies, 
thereby giving a more complete insight of the 
available evidence [133].  

 
                                    
                    Table 5: Exclusion criteria for filtering out the papers of the study. 
 
Exclusion Criteria Rationale 
Studies that report on metrics which assess the 
impact of agile methods or practices in the 
organizations. 

We are only concerned on studies that talk about 
the use of metrics in an agile context. 

Duplicated studies To ascertain the validity of an SLR, we should 
make sure that there are no duplicated papers in 
the final collection of studies. Under such 
circumstances, we retain only one of the copies 
and eliminate the duplication permanently.  

Not primary studies e.g. Systematic Literature 
Reviews 

Systematic literature reviews that study other 
systematic literature reviews are termed as 
tertiary studies. Thus, only primary studies were 
chosen for the review. 

Repeated Studies Similar studies might be published in more than 
one venue under the same authorship. Under such 
circumstances, we remove the repeated papers 
and retain the most comprehensive or the latest 
one.  

 
 Here, the papers are included in the dataset A, if either of the authors accept the study. The 
supervisors reviewed the selection criteria and its results to check if the criteria were applied properly. 
This represents the execution of QA2 activity. 
 
3.2.1.4 Snowball Sampling 
 
 Due to the lack of standardized terminology it becomes difficult to formulate good search strings 
[128]. The likelihood that two researchers utilize a similar term to refer the similar idea is often lower 
than 20%. This may frequently lead to irrelevant papers and usually results in large set of studies that 
needs to be read and analyzed [130]. This problem is related to the research topic [128] and has an 
influence on the trade-off between the sensitivity and precision of searches. Also, it is recommended 
that database searches using search strings must be used as a starting point [130]. 
 Additionally, the database search might unavoidably miss some useful citations, for example, since 
some minor publishers are excluded in these databases and few (in particular) older publications have 
a very short or not very meaningful abstract [134]. This sets forth the need for complementary 
searches. Thus, we have chosen snowballing as our search approach. 
  We planned a more extensive database search to form the start set of papers for the snowballing 
procedure, as opposed to the guidelines proposed by Wohlin [128]. To establish a start set of papers 
google scholar was not used as it finds too much information and lacks in assuring scholarly content 
[135]. This means that for novice researchers, it becomes difficult to identify a good start of papers as 
compared to the experts when using google scholar. 
 The snowballing procedure is iterative and is carried out until no new papers are found. To the 
Refined data set (A), we performed the forward and the backward snowballing. This method is 
executed in two stages to establish the Snowballing dataset (B). 
Backward Snowballing (Stage 1): The Backward Snowballing (BS) is done by looking at the 
references of the included studies. The inclusion of the referenced study must comply with the 
following criteria - 
1 Scan the title of the referenced paper;  
2. The reference context in the paper is reviewed i.e. the context is evaluated by reading the text where 
the reference is cited and  
3. Scan the abstract of the referenced paper. 
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                                  Fig 4: Paper Selection process during snowballing 
 
 
 Forward Snowballing (Stage 2): The forward snowballing (FS) is performed by looking at the 
citations of the paper. The search is carried out in google scholar for each study. The inclusion of the 
citing studies must comply with the following criteria- 
1. Analyze the title of the cited paper.   
2. Review the abstract of the cited paper. 
3. In case of difficulty in judging, the full text is read. 
For each iteration, the studies that are included are added to the dataset B. The selection process of the 
articles during snowballing is illustrated in fig 4. The snowballing (BS and FS) procedure are applied 
to the added studies successively and iteratively. This process is continued until no new papers are 
found thereby winding up the snowballing dataset (B). 
 
3.2.1.5 Snowball Sorting   
 
 The final data set (C) is formed by applying the inclusion-exclusion criteria to the dataset B. 
Followed by inclusion-exclusion, confirmation of a full text is carried out as there could be false 
positives in step 4 i.e. studies which attended the inclusion criteria but must be excluded after a full- 
text analysis. We have performed snowballing for the false positives, as even though excluded they 
can bring good references [136]. The first author performed the snowballing search, sorting and the 
data extraction. This was checked by the second author, therefore representing the QA3 activity i.e. 
snowball search results and QA4 activity i.e. snowball sorting and data extraction.  
 
3.2.2 Data Extraction and Synthesis strategy 

 
 To extract the data in an explicit and consistent manner, we have designed a data extraction 
template as shown in Table 6. Each field in the form consists of a data item and a value that are 
mapped with the research questions. 
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                                                   Table 6: Data Extraction form 
Data item Value RQ 
Research approach Research methodology being 

used 
RQ 1.2 

Metric Name(s) Name(s) of the metrics RQ1 
Rationale  What is the rationale for using 

the metric(s) 
RQ1, RQ1.1 

Metric Definition Description on how to measure RQ1.1 
Interpretation  What can be interpreted from 

the metric values 
RQ1.1 

Rigor (R1) [0,3] RQ1.2 
Context (C) 0 or 0.5 or 1 RQ1.2 
Research Method (RM) 0 or 0.5 or 1 RQ1.2 
Validity Threats (V.T) 0 or 0.5 or 1 RQ1.2 
Relevance(R2) [0,4] RQ1.2 
Context (C) 0 or 1 RQ1.2 
Research Method (RM) 0 or 1 RQ1.2 
Scale (S1) 0 or 1 RQ1.2 
Subject (S2) 0 or 1 RQ1.2 
General   
Paper ID Integer RQ1, RQ1.1, RQ1.2 
Title Name of the study RQ1, RQ1.1, RQ1.2 
Author(s) Set of names of the authors RQ1, RQ1.1, RQ1.2 
Publication year Calendar year RQ1, RQ1.1, RQ1.2 
                                                   
 One of the common analysis technique in systematic reviews is thematic synthesis. In systematic 
reviews, thematic synthesis involves identification of recurring themes or issues in the primary 
studies, analyzing these themes, and drawing conclusions. In our study, the research questions are 
focused on the measures, its purpose and their application in ASD. This purpose of this method is to 
develop analytical themes through descriptive synthesis and find explanations relevant to the review 
questions [137]. The other alternative methods include narrative and content analysis. Narrative 
analysis lacks procedures and relies on the preconception of the researcher and content analysis is 
inclined towards reducing complexity and context of theory building [167].  On the other hand, 
thematic synthesis summarizes the findings of the primary studies in view of the emerging themes and 
hence is deemed apt for our study [167]. 
 The methodology of thematic synthesis followed in this thesis is given below: -  

1. Familiarize with the data – The authors have read the entire set of papers to get immersed in 
the data which was the area of metrics and LeAgile software development. Next, the 
information regarding the use of measures, their purpose and how they were used and 
interpreted were identified. It was seen through that all the required information was 
identified as this step forms the basis for generating initial codes. 

2. Code the data – Based on the information extracted from step 1, we adopted an integrated 
approach to code the data. This approach was chosen as they tend to be done based on the 
theoretical interests guiding the research questions of the review.  Here, the codes are 
prespecified and developed along the way which was meaning full in answering the research 
questions. The coding was done using the following steps – 
i.       Identify the name of the measure. 
ii. Extract the purpose of the measure. If the goal of the measure is explicitly stated, then 

extract the goal. 
iii. Identify the information on how the measure was used and interpreted. 
iv. Categorize the study in which the measure is identified as Empirical or Non-Empirical 

study. 
v. Repeat the steps for each measure identified in the literature. 

This step allowed the collection of meaningful data on measures to address the research 
questions. 

3. Translate into Themes – To translate the code into themes, the repetitive and closely related 
codes are grouped together. Thus, the measures that share the same purpose, but different 
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names were grouped together. For example, M10: velocity and M54: Story points are used to 
forecast the release completion. These two metrics address the same goal and fall under the 
emerged theme i.e. the category project planning and estimations as presented in chapter 4. 
Similarly, the themes thus emerged because of the combination of closely related codes were 
reviewed and named.  

4. Producing the report – The measures were mapped to their goals and a static reference 
measurement model was established and reported in Section V. This model presents the 
overview of the results relative to the research questions. 

 
3.2.3 Protocol Evaluation 

 
 The supervisors were asked to review the protocol to enhance the SLR report through suggestions 
that could make the research steps and procedures precise and clear. Further, it is recommended to 
evaluate the protocol by examining the sensitivity and precision values relative to the final data set (C) 
against the values relative to the QGS [85,131]. The sensitivity and precision values are calculated 
using the formula (1) and (2) as presented in section 3.2.1.1. Due the planned search strategy a better 
trade-off between the sensitivity and precision is anticipated. This represents the QA5 activity. 
 
                                 Table 7: Sensitivity and precision values relative to the QGS. 
Data Set 
Evolution 

Primary studies Known Studies 
(QGS) 

 Studies 
obtained  

Sensitivity 
(%) 

Precision 
(%) 

Initial data set 
(I) 

302 10 7 70 2.3 

Refined data 
set (A) 

22 10 7 70 2.3 

Snowballing 
data set (B) 

200 10 10 100 5 

Final data set 
(C) 

90 10 10 100 11 

 
                                   Table 8: Sensitivity and precision values relative to the Final data set. 
Data Set 
Evolution 

Primary studies Final Data set (C)  Studies 
obtained  

Sensitivity 
(%) 

Precision 
(%) 

Initial data set 
(I) 

302 90 15 22 4.9 

Refined data 
set (A) 

22 90 15 22 68 

Snowballing 
data set (B) 

200 90 90 100 45 

Final data set 
(C) 

90 90 90 100 100 

 
Table 7-8 shows the evolution of the data set along with the obtained sensitivity and precision values 
relative to the QGS and final data set (C). In table 8, the decrease in the precision value from dataset A 
to B is due to the false positives in the dataset B. From table 7, it can be observed that 100% precision 
could not be achieved just snowballing QGS i.e. there are more relevant studies that could have been 
missed out if QGS was used as a start set for snowballing. This implies that the use of database search 
to construct the snowballing start set made it possible to recover the missed-out studies and the 
snowballing search strategy contributed to increase in the efficiency of the protocol. 
 
3.2.4 Quality Assessment – Rigor, Relevance   
 
 For the final dataset, the quality assessment has been performed as per the checklist defined in 
[138] with rigor and relevance as the criteria. The checklist adaptation was carried out by both the 
authors defining specific criteria as given in Table B.3, B.4 in Appendix B related to the literature 
review. The rigor and relevance rating for the primary studies is shown in Table B.2 in Appendix B.  
 The idea behind using the model is that it can be used to guide the interpretation of the synthesis, 
for instance deducing metrics that are applied in practice. Since our study focuses on giving 
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recommendations to the goals/needs that exist in the industries, this assessment determines the 
strength of the elaborated inferences [87] that can drive as a decision support for the selection of 
appropriate metrics. 
 

                             
                                                Fig 5: Calculation of inter-observer variability 
 
 For quality assurance, the criteria were rated individually by both the authors. As suggested by 
Petersen et al. [130], Cohens Kappa statistic is used to measure the inter-observer variability i.e. the 
level of agreement between the observers. This constitutes the QA6 activity. After the initial rating, if 
the strength of the agreement (Kappa value) turns out to be moderate or higher no criteria refinement 
is planned. A criteria refinement must be done only if the Kappa value tends to be less that moderate 
i.e. less than 0.41 as shown in fig 5. In our case, the kappa value was 0.41 after the initial rating which 
indicates the strength of agreement as moderate. 
 
3.2.5 Validity Threats 

 
 In our study, we’ve included both the internal and external aspects of validity [85,139] to limit the 
authors inclination and to guarantee the accuracy of the results of this SLR. The internal aspect of the 
study’s validity indicates to what extent is the study’s result addressing its research questions and the 
level of bias in the study. Besides, the external aspect of the study’s validity describes the degree of 
completeness and the extent to which the findings can be generalized or applicable.  
 
3.2.5.1 Internal Validity  
 The study’s internal validity is reinforced by scheming a study protocol with Quality assurance 
activities in the view of SLR guidelines and recommendations [85, 139,128,130] along with the 
suggestions for quality assessment of the studies [138]. To alleviate the selection bias, along with 
QA1 and QA2 activities (see section 3.1.1), we complement the database search with the snowballing 
procedure to trade-off between the precision and sensitivity values of our search. Additionally, to 
guarantee the selection process is impartial and comprehensive the search string was modified before 
performing the search as shown in fig 3. The snowballing procedure must be carried out correctly to 
reduce the risk of missing relevant studies for increasing the reliability of this study. To ensure the 
correctness of the selected articles, snowball search results (QA3) and snowball sorting (QA4) 
activities are performed by the first author and checked by the second author which are further 
reviewed by the supervisors.  
 To reduce the impact on the publication bias we’ve included unpublished or non-peer reviewed 
publications to get a better view on the available evidence [140]. An additional reliability issue in our 
study is that the subsequent searches replicated in future may generate different results due to the 
inconsistencies in the search engines [141] thereby, effecting the definition of start set for the 
snowballing step and the results of forward snowballing. 
 To mitigate the bias of data extraction in our study, we have designed a data extraction template 
based on the research questions which is written in detail based on the discussion between the authors. 
Further, both the authors have separately performed data extraction and the results are discussed in 
weekly meetings to mitigate the risk of subjective interpretation of extracted data. The performance 
bias in the quality assessment step is reduced using QA6 activity, wherein both the authors have rated 
the quality assessment criteria independently and the strength of agreement between the authors was 
calculated to be moderate using the Kappa statistic. 
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3.2.5.2 External Validity 
 This aspect is concerned with the relevance of the evidence obtained. The evidence of our study 
was adequately relevant to answer the research questions and to confirm our findings. To mitigate the 
risk of insufficient evidence, it is unlikely that our SLR missed any relevant study because of the 
complementary search strategy applied i.e. the snowballing procedure. This study’s results are 
relevant to both researchers and practitioners; to researchers who aim to support industrial software 
development and for practitioners to get an overview of the metrics used in the context of LeAgile 
software development.  
 
3.3 Case Study 
 
3.3.1 Motivation 
 The commonly used research methods in software engineering are Survey, Experiment, Action 
Research and Case study [142]. The selection and rationale for an appropriate research method is done 
based on the research questions.  
 Survey is defined as “the collection of standardized information from a specific population, or 
some sample from one, usually but not necessarily by means of a questionnaire or interview” [142]. 
Survey aims to derive conclusions from the considered sample and generalize it to a larger set of 
similar samples [145] and they rely on derived data [143]. A descriptive question (RQ2) is formulated 
for our study that aims to investigate the metrics usage in an industrial context which requires deeper, 
rich explanation and observation. Survey does not provide rich descriptive data or perceptive 
explanations [143], hence survey as a research method was rejected for our study.  
 An experiment is a formal, rigorous, and controlled investigation which is defined as “measuring 
the effects of manipulating one variable on another variable” and that “subjects are assigned to 
treatments by random” [142]. The primary objective of our study is to investigate the state-of-the art 
and practice on the use of metrics (dependent variable) in Agile and Lean context (independent 
variable) in a real uncontrolled setting. Thus, a controlled-based experiment was regarded as 
inappropriate for our study.  
 Action Research is with a purpose to “influence or change the certain aspects of subject of the 
research” is improving and qualitative in nature [142]. While action research and case study are 
closely related, the latter aims to solve and enhance a problem that is emerging in the industries. The 
current study aims to understand what measures are currently being used in collaboration with the 
industry and academia and is not providing an enhancement to the problem. Thus, this can be best 
understood from an in-depth study of the phenomenon that can arise from a case study.  
 Case study is defined as the “An empirical inquiry about a contemporary phenomenon (e.g., a 
“case”), set within its real-world context—especially when the boundaries between phenomenon and 
context are not clear” [143]. Case-study is chosen as the apt method, since the current study explores 
metrics that are used in LeAgile organizations requires to collect data in a natural setting than relying 
on derived data [143]. Also, to understand the metrics used in collaboration in the real world and the 
scholarly word, requires doing a field work to best understand the phenomenon in real-world settings 
to provide rich descriptions and achieve a high degree of realism. Fig 6 gives the case study design – a 
step by step procedure undertaken to answer the research questions (RQ2). 
 
3.3.2 Case Study Protocol 
 
3.3.2.1 Case Description 
 Telenor is Sweden's third largest mobile operator and a provider of fixed broadband services to the 
customer market. Telenor office located at Karlskrona, Sweden is selected as a case for our research. 
The Telenor IT division has started to implement a new way of work – where the DevOps teams 
working with Agile for fun, fast and stable software, digital services, mobile convergence and digital 
integration. Since 2016, Telenor has started to implement agile methods and practices with an aim to 
have happier and motivated customers, quicker time to market, increase in team’s productivity and 
defect reduction. Hence, Telenor has been deemed apt for our study. The DevOps teams work in 
coordination to develop a stable, faster and customer satisfying products.   
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                                                                  Fig 6: Case Study Design  
 
 
 
 
3.3.2.2 Unit of Analysis  
  
The entities under analysis are the stakeholders of Telenor who use measurements in their Agile way 
of work. The role of the stakeholder and their responsibility [144] is illustrated in Table 9. 
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                                       Table 9: Description of stakeholder’s role and responsibility. 
Role                                                            
  

         Role Description     Responsibility Description 

Portfolio Planning Team Guides the product owner teams 
regarding the strategy, vision and 
direction of project (s).  

Responsible for multiple 
products that form a portfolio 
in the organization. 

DevOps Managers  Directs the DevOps teams Responsible for the 
development of product line 
architectures. 

Product Delivery Team Perform the planning activities 
(estimating the effort of work-items), 
reporting project progress and delivering 
quality products to meet the business 
requirements.  

Responsible for completing 
the tasks associated with a 
User Story. 

Product and Process Owners Ensures the product backlog is prepared 
sufficiently for release and iteration 
planning. Provides requirements and 
directs the product delivery teams with 
feedback as the software matures.  

Review and approve the 
deliverable produced by the 
product delivery teams. 

 
 
 
3.3.2.3 Data Collection Method 
 
 The primary source of data collection in our study is done by conducting workshops at the 
industry.  A total of 5 workshops were conducted at Telenor with an objective of eliciting the metrics 
in their Agile way of work. Table 10 gives the number of participants, their role, duration details and 
the date of conducting the workshop. The following explains the workshop process organized at the 
industry as shown in fig 6 –  
                                                   
                                             Table 10: Overview of the Workshop Details  
Workshop 
Id 

Participants Group 
Role  

Roles of Participants Number of 
participants 

Date Duration  
(max 
duration=2H
ours) 

1 Process Owners (PO), 
Portfolio Planning, 
Quality Assurance 
(QA) Specialist 

 PO A 4 18.04.2017 2Hours 
PO B 
Portfolio Planning 
Manager 
  QA Lead 

2 DevOps Managers DevOps Manager A 5 10.05.2017 1.30Hours 
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DevOps Manager B 

DevOps Manager C 
 
Planning Manager 
 
Product Manager 

3 Product Delivery 
Teams/DevOps teams 
 

Developer 
Tester 

5 11.05.2017 2Hours 

4 Product Delivery 
Teams/DevOps teams 

Agile Team Leads/ 
Scrum Masters 

5 17.05.2017 1.30Hours 

5 Product Owners Technical Product 
Owner 

4 22.05.2017 1.30Hours 

    
Step 1: Selection of the workshop participants 
The selection of participants for the workshop must have suitable role, knowledge and insights on the 
research topic being studied. Likewise, to ensure the reliability and validity of the collected data, the 
participants must have a hands-on experience on the project work; henceforth we have chosen the 
participants who have experience in using metrics in their Agile way of work. The selection of the 
participants for a given role is suggested by the mentor at Telenor. This leads to the choice of a 
productive sample to answer the research questions (RQ2) [146]. From this, we can deduce that a non-
probabilistic sampling based technique is undertaken for the selection of the workshop participants. 
The total number of participants that have attended the workshops is about a sample size of 23, which 
is regarded as satisfactory for novice researchers [147]. 
Step 2: Workshop planning 
The workshop planning constitutes preparing invites to the participants, choosing a location, creating 
the aim and agenda for the workshop followed by designing an outline for the workshop presentation. 
It is said that having more than 6 participants per workshop may lead to an ineffective workshop 
[148]. Keeping this in mind, we have grouped similar roles of participants with a maximum size of 6 
in each workshop. The workshop invites consisting the date and time of workshop, workshop location 
and duration, a short introduction about us and the study followed by the expected results of the 
workshop was sent to the invitees using the company’s Outlook mail. The duration of each workshop 
is planned to be for a maximum of 2hrs with a break of 15mins in between. The presentation includes 
a short introduction about us, the study and a set of semi-structured questions formulated with an aim 
to elicit the current metrics used by the company in their agile way of work. For an interactive and 
efficient workshop, it is crucial to have a moderator and a facilitator [149]. The first author was the 
moderator for the study and the second author played the role of the facilitator. The role of the 
moderator is to present the agenda, aims and give the instructions of the workshop process whereas 
the facilitator coordinates the group discussions by taking notes during the workshop.  
Step 3: Conducting the workshops  
To create a rapport among the participants, the workshop kick-starts with a quick introduction of the 
participants and their respective roles. When conducting the workshop, the moderator presents the 
Agenda, purpose of the study and the expected outcomes of the workshop. Additionally, a set of 
questions formulated were asked to the group as given below: 
Q1.) What do you measure today? 
Q2.) Why do you measure? 
Q3.) How do you measure? 
Q4.) What interpretations do you draw from the results? 
The facilitator extracted the metrics, their purpose, definition, interpretations from the workshop 
participants and continuously translated the discussions on a whiteboard as shown in fig 7. The 
moderator prevented the participants from being overly influential and assured that the opinions of all 
the participants are heard. On taking the permission of the participants, the entire session of the 
workshop is voice recorded. 
Step 4: Follow-up with the participants 
The participants were asked to send supporting proof for the metrics used either in the form of 
documents or metric result reports.  Also, feedback is collected at the end of each workshop as shown 
in the fig 7. This was done to learn what went well during the workshops and what could be done to 
make the workshops better. The participants were asked to write the feedback on post-its and paste it 
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on the whiteboard after the completion of the workshop. The suggestions provided by the participants 
were used to improve the content and arrangements for the subsequent workshops.  
Step 5: Transcribing the Data:  
After the completion of each workshop, the authors individually transcribed the voice records by 
carefully listening to every detail narrated by the participants. The additional data (if any) transcribed 
after the workshop is added to the data on the whiteboard. The data is then analyzed as presented in 
Section 3.6 and the results of the data analysis (i.e. the emerging axial core categories) are pasted as 
post-it’s on the whiteboard as shown in fig 7. The analyzed data on the whiteboard is captured and 
stored for further reference. Any misunderstandings in the analysis of the data is further clarified by 
sending follow-up questions to the respective participants. Each participant was sent a copy of the 
summary of the workshop along with an accompanying letter. The participants were given an option 
to contact the authors with any questions they had with regards to the data.  
 
Secondary Data Source: The secondary source of data information is gathered from the work 
artefacts. For each identified metric in the workshop, we have gathered additional sources of data (if 
available), for instance the metric reports generated by the tools, the documentation of the metric 
descriptions, picture of the metric dashboards and the metric results. If the metric relies on a tool, we 
have verified the tool documentation to know how the metrics are measured and interpreted. 
 
 

 
                                       Fig 7: Synopsis of the Workshop with the Agile teams. 
   
3.3.2.4 Data Analysis Method 
 
 The qualitative data collected in our study, is analyzed using qualitative data analysis techniques - 
Hypothesis generation and Hypothesis confirmation. Among the various available qualitative data 
analysis techniques which generate hypothesis, the popular Grounded Theory method is selected for 
our study. Grounded Theory (GT) is defined as “a set of well-developed categories (e.g. themes, 
concepts) that are systematically interrelated through statements of relations to form a theoretical 
framework that explains some relevant social, psychological, educational, nursing or other 
phenomenon” [150]. The objective is to derive the results and conclusions from the collected data, 
thus keeping a chain of evidence [142]. The reasons for selecting grounded theory is twofold - (i.) It is 
one of the few methods that focuses on generating theory as opposed to extending or verifying 
existing theories. (ii.) This approach deals with the meanings, definitions and implications made by 
the subjects of the study and has more potential for portraying the reality more precisely which aligns 
well with the nature of our study [151] i.e. to present the state-of-the-practice on using metrics in agile 
organizations. 
 One of the common grounded theory approach ‘Constant Comparison method’ has been selected 
as a data analysis technique for hypothesis generation. There are two-sides to this proposed 
methodology, with Strauss and Corbin GT on one side, Glaser’s GT on the other with regards to the 
analysis and theory emergence. Glaser advocated a principle where the theory should “naturally 
emerge from the data” [152], while Strauss and Corbin made an updated version of the theory stating, 
"if theory building is indeed the goal of research project, the findings should be presented in the form 
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of interrelated concepts, not just list of themes"[151]. The approach by Corbin and Strauss permits the 
researchers with high degree of freedom and introduces the concept of “theoretical sensitivity” [152]. 
This approach also focuses on the need to have pre-defined research questions before the theory 
generation and experiential knowledge for the researchers [153]. On the contrary, the Glasser states 
that theory will naturally emerge rather than generating it from the data. Glasser’s approach also 
contradicts the need for pre-set research questions and states that research questions emerge as a part 
of coding and the need for experiential knowledge for the researchers to ensure there are no prior 
assumptions to the theory generation [153]. Basing on the above arguments and availability of pre-
defined research questions and pre-acquired knowledge from literature review in this study, Constant 
Comparison method of Corbin and Strauss is chosen for hypothesis generation. 
 The hypothesis generated is thus validated using an important and well-known hypothesis 
confirmation method of triangulation [154]. Subsequently, the outcomes of the data analysis present 
the results that are grounded as well as is backed with a body of evidence.  
 
Theoretical Sampling: Corbin and Strauss method supports the concept of theoretical sampling 
which starts with the data collection phase of our study and continues by searching for the emerging 
categories in the transcripts that differentiates the narrative and is viewed to be important [155]. In our 
study, we use theoretical sampling to refine the questions asked in the workshops, thereby reflecting 
closely related emerging categories [153]. This allows the authors in gathering more data that allows 
to fill the gaps of an incomplete category and thus making the categories more explanatory and precise 
[155]. The following subsections presents how the categories were emerged by employing the coding 
process to code the collected data.  
 
3.3.2.4.1 Open Coding 
 
The first phase of data analysis is “Open coding the process of breaking down the transcribed data 
into units, examining and constantly comparing it to identify the underlying concept” [155]. In this 
phase, the authors analyze the workshop transcripts line-by-line in detail while breaking down the data 
into smaller units and labelling them with codes that represent the concepts. For every concept 
identified in the transcripts, respective codes are allocated [156,153]. The code provides meaning to 
the text and is taken from the text itself, termed as Vivo codes.  Vivo codes with similar meanings are 
grouped together forming the higher level of abstractions termed as ‘Open Code Categories’ [153]. 
For instance, we explain the open coding phase of the data analysis for the core category “Assess and 
Improve the product quality” as given below. 
 
          Quotation: “We try to get a sense of what the condition of the code is by looking at the 
technical debt. This is evaluated with static code analysis and gives us an indication of health.”. – 
Software Developer, Agile Team 
           key concept: “Technical debt” 
                   Code: “TM7”.                       
 
The identified concepts are further tracked in other transcripts and if there is any further repetition of 
the same concept, the unit is given the same code as shown above. Similarly, the other open codes 
identified are ‘TM8: Number of Open defects’, ‘TM9: Number of incidents caused by change’ and 
‘TM10: disturbance hours’. After the in-depth analysis of these codes and performing constant 
comparison method of identifying the similarities and differences between these open codes, we form 
open code categories by grouping the open codes with similar concepts as ‘Achieve zero defects at the 
end of iteration’, ‘Know if the product is of sufficient quality’ and ‘Evaluate the code maintainability’. 
 
3.3.2.4.2 Axial Coding 
 
The phase after the open coding is Axial coding. It is defined as, " the process of relating categories to 
their subcategories, and is named axial because coding accesses around the axis of the category by 
linking categories at the level of properties and dimensions" [156]. In this phase, we examine the 
relationships between the concepts and categories developed during the open coding phase. The axial 
coding was carried out by comparing an open code category (‘Achieve zero defects at the end of 
iteration’) with the other code categories (‘Know if the product is of sufficient quality’ and ‘Evaluate 
the code maintainability’). The similar open code categories are grouped together based on their 
meaning to form an axial code category i.e. building another higher level of abstraction. Hence, this 
gave rise to the axial code category ‘Improve the product quality’ by combining ‘Know if the product 
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is of sufficient quality’ and ‘Achieve zero defects at the end of iteration’. The other axial code 
category that emerged is ‘Evaluate product quality’. From the example stated above, the axial code 
category that emerged during the workshop process (step 5) was pasted on the whiteboard in yellow as 
shown in fig 7. 
 
3.3.2.4.3 Selective Coding 
 
The final phase in coding is Selective coding in which the researcher writes a theory interrelating the 
code categories of the axial coding phase. Selective coding is defined “as the process of integrating 
and refining the theory” [156]. In selective coding, the central core category is to be identified among 
the axial code categories around which the theory will be built. The central core category must satisfy 
the below criteria, (i.) It must be central to all other categories (ii.) All the other categories must be 
related to it (iii.) It must have a strong meaning and (iv.) It should have the highest number of 
occurrences in the transcripts [153]. This core category can be one among the identified axial code 
categories satisfying the above criteria or a completely new abstract category, i.e. a foremost 
phenomenon which has the scope of covering all other categories and this abstract core category is 
given a new name [152]. The core category is then compared using constant comparison method with 
the other axial code categories to generate a theory around it [152]. This procedure integrates and 
refines the theory formed around the core category and is continued until no new core categories are 
emerged or there exists no relationships between the axial code categories upon constant data 
collection and analysis i.e. until the point of theoretical saturation is reached [158]. This lead to the 
total of 5 workshops being conducted at Telenor. 
 From the axial code categories formed, ‘Improve the product quality’ is taken as the central of all 
other axial core categories as it has the highest number of occurrences in the transcripts and has a 
strong meaning. The central code category is compared with the axial code category ‘Evaluate 
Product Quality’, resulting in the formation of a new abstract category ‘Assess and improve product 
quality’ as the core category. The core category is then compared with ‘Improve the product quality’ 
and ‘Evaluate the product quality’ to generate the theory. Fig 8 shows the emergence of theory and 
depicts the levels of data abstraction for the core category ‘Assess and improve product quality’.   
  From fig 8, the core category is considered as Telenor’s IT management goal, the axial code 
category forms the sub-goal, the open code categories form the questions and the code is the metric. 
 
3.3.2.4.4 Triangulation 
 
To develop a comprehensive understanding on the phenomenon and to test the validity by combining 
the information gathered from different sources, we use the accompanying methods to achieve 
triangulation [154].  
Method Triangulation - The method triangulation involves the use of multiple methods for the data 
collection of a phenomenon under study [154]. In the current study, method triangulation is achieved 
by confirming the data collected during workshops using the relevant work artefacts i.e. via 
documents, metrics result reports, pictorial representations of the metric dashboards.  
Investigator Triangulation - This method of triangulation includes the participation of more than one 
researchers in the same study to provide diverse observations and conclusions on the data collected 
[154]. In this study, both the authors played an active role in the workshops and transcribed the 
workshop results separately and compared the results obtained (see step 5 in section 3.3.2.3). This 
added breadth to the phenomenon of interest by considering different viewpoints and likewise 
confirming the findings.  
Theory Triangulation - Theory triangulation includes considering different theories to analyze and 
interpret the gathered data [154]. In our study, we support the findings obtained with the knowledge 
from the literature study as presented in section 4.2.  
Data Source Triangulation - This method involves collection of data from multiple types of people to 
gain multiple viewpoints and confirmation of data [154]. In our study, we’ve grouped similar roles of 
participants for each workshop and that the participant roles varied from workshop to workshop 
ensuring that data is collected from all the levels in the organization. This allowed to gain multiple 
viewpoints on the metrics usage at Telenor IT division and thereby confirming the obtained data. 
Further, fig 6 shows at what stages in the research design the above methods for triangulation are 
addressed. 
 



 

25 
 

 
        Fig 8: Breakdown/Abstraction Structure for the category ‘Assess and Improve Product Quality’. 
 
 
3.3.3 Validity Threats 
 
The validity of a study is the extent of trustworthiness of the stated results i.e. to what extent the stated 
results of the study are true and do not have researcher’s bias [142] and according to Merriam et al. 
[159] “validity must be assessed in terms of interpreting the investigator’s experience rather than in 
terms of reliability itself”. Validity threats must be addressed in all the phases of the case study as it is 
too late to address validity threats during the analysis phase. We have considered the four aspects of 
threats to validity [142,159]: 
3.3.3.1 Construct Validity: The construct validity threats reflect the aspect that “to what extent are the 
measures studied really represent what the researcher has in mind and to what extent are they 
investigated according to the research questions”. One of the possible threats to construct validity in 
our study is that, the workshop questions may be misinterpreted by the participants which 
consequently results in collecting inappropriate answers with regards to the research question (RQ2). 
To mitigate this threat, we have simultaneously analysed the collected data after each workshop which 
paved the way to modify the workshop questions (if necessary) to collect relevant data. Additionally, 
to ensure the correctness of the obtained results, follow-up questions were asked to the respective 
participants after the workshops as stated in Section 3.3.2.3. Another possible threat to construct 
validity is that a single metric can have different terminologies but similar contexts relative to 
different viewpoints. To address this threat, we’ve grouped the metrics which have similar meaning to 
ensure a generalized understanding of terminology and this was sufficiently verified by sending 
follow-up questions to the respective participants. 
 
3.3.3.2 Internal Validity: Internal validity explains the threat of concern when causal relationships are 
being examined. It is mainly concerned of the factors that influence the process between the input and 
the results [160]. In this study, one of the possible threat to internal validity is the poor analysis of the 
data collected prompting to incorrect hypothesis formulation as the authors are novice in this field. To 
address this threat, the outcomes of the data analysis is supported with relevant theory from the 
literature and the university supervisors have reviewed the findings as they emerged. Further, to 
strengthen the confidence in the credibility of our study, the findings obtained are confirmed using 
triangulation as given in section 3.3.2.4.4.  
  Another possible threat to the internal validity is conducting ineffective workshops might lead to 
inactive participation of all the attendees and this decreases the credibility of the findings. To mitigate 
this threat, we collect feedback at the end of each workshop to improve and conduct more interactive 
sessions in the subsequent workshops. Moreover, the moderator of the workshop assures that all the 
participant’s opinions are heard and encourages them to take part actively in the workshop. 
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3.3.3.3 External Validity/Transferability: This validity addresses the concerns as to what extent are 
the results transferable and to what extent are the results of interest to other people outside the 
investigated case [142]. Transferability can’t be decided if the description of the findings is not 
specific or the reader is perplexed about the research approach used in the study [159]. In order to, 
ensure transferability, we have documented the context, research method and data analysis in a 
detailed fashion and gave examples of raw data (for instance - how the themes emerged from the data) 
so that the readers can consider their interpretations. This allows the reader to decide if the findings 
can be transferable to another context. To further increase the transferability, we present the findings 
in detail with direct quotes from the participants as given in Section 4.2. 
 
3.3.3.4 Reliability/ Dependability: This threat addresses the concern, to what extent are the data 
collected and analysis presented dependent on the researchers of the study i.e. verification if the same 
results are obtained of the same study is conducted by other researchers [142]. Dependability of the 
findings is imperative for the study to be performed in similar settings and refers to how stable the 
data is [159]. In this study, one possible threat to the dependability is inadequate descriptions of the 
data collection and analysis methods. To address this threat, we present the rationales for all the 
methodological and interpretative decisions made by the authors and explain the process in detail 
[159]. Also, the data collection and analysis process is examined at every step by the university 
supervisors during the weekly status meetings. 
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                                                              RESULTS AND ANALYSIS 
 
In this chapter, we present the results and analysis obtained on conducting a systematic literature 
review (SLR) and a case study according to the reported study design as given in chapter 3.  These 
results guide in answering the questions RQ1 and RQ2, subsequently providing a path to answer the 
research question RQ3.  
 
 
4.1 RQ1) What is the current state-of-the-art on the use of metrics in organizations using 
LeAgile development methods to develop software intensive products/services? 
 
Results 
 
The idea for using measurements in Agile and Lean software development can be broadly divided into 
6 categories as: 
Category 1: Efficient flow of Software Development process 
Category 2: Assess, track and improve the product quality  
Category 3: Project planning and estimation 
Category 4: Project Progress and tracking 
Category 5: Measuring the teams 
Category 6: Other 
 
Each of these categories is explained below. A total of 358 measures were identified from 90 primary 
studies, the metrics are denoted as M1, M2 and so on as shown in table A.2 in Appendix A. The list of 
primary studies that report on metrics use in LeAgile methods is presented in table A.1 in Appendix 
A. Fig 9 gives the percentage distribution of metrics identified for each category and the percentage 
distribution of sources that are cited for each category. As seen in fig 9, a maximum number of 
sources and metrics were found to assess, track and improve the product quality (Category 2) and for 
project progress and tracking (Category 4). Table A.2 in the Appendix A lists the metrics and the 
software development methodology being applied as in the primary studies. 
                                                                                                                        

                                                                                       
 

                                                                                   

                                               

                                  Fig 9: Percentage distribution of metrics and sources identified for each category. 
                                                
Category 1: Efficient flow of Software Development process 
 One of the primary goal in any organization is to have a smooth end-end flow of work through the 
system. From the primary studies, we found that the main objective of metrics in this category was to 
improve the visibility of the work flow, enable continuous process improvements and visualize the 
work flow.  Table 11 presents the goal of the metrics, the sub-goal stating the purpose of the metric 
indicated in the study, a set of questions used to categorize how the goal can be achieved and metrics 
to answer the question. The questions highlighted in red are explicitly mentioned whereas the 
questions in black are formulated based on the point-blank level detail of the purpose in the primary 
studies. Furthermore, the blank cells in the question column denotes the absence of the point-blank 
level detail of the purpose and the blank cells in the sub-goal column denotes absence of the purpose 
in the primary studies.  
                                      

Chapter 4 
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                                  Table 11: Metrics for efficient flow of software development process 
Goal     Sub-goal Question Metric ID 
Improve the 
work flow 

   

 Identify bottlenecks and 
eliminate wastes 
 

 M65, M68 [20]; M69 [21]; 
M100 [29]; M81 [27]; 
M70, M71 [21] 

 Identify bottlenecks and 
eliminate wastes 
 

Is a story implemented 
without breaks in 
calendar time and 
context shift to 
implementation of 
other stories? 

M57 [102] 

 Enhance the visibility of 
the flow 
 

 M69, M70, M103-M105 
[31]; M70 [36] 

 Eliminate non-value 
added tasks 

 M101 [29] 

Visualize the 
work-flow 

   

 Monitor and discover the 
bottlenecks in the work 
flow  

How is lead time and 
WIP queue depth 
measured? 
 

M1 [56] 

 Monitor and discover the 
bottlenecks in the work 
flow 

 M335, M336 [101] 

 Locate bottlenecks and 
delays in project. 

 M233 [56] 

Enable 
Continuous 
process 
improvements 

   

  What is the 
performance of the 
development process in 
terms of inventories? 

M72-M76 [22] 

 Observe Bottlenecks at 
different phases in the 
software development 

 M2-M6 [4] 

  Indicate the unit and its 
flow via different 
workstations 

How much a flow unit 
is processed in a 
specific time frame? 

M169 [45] 

 Improve the performance 
of the pipeline by 
discovering bottlenecks 
and removing waste 

 M170, M171, M172, 
M174, M175, M176 [45] 

 Improve the performance 
of the pipeline by 
discovering bottlenecks 
and removing waste 

What is the current 
time spent on the 
pipeline? 

M173 
[45] 

                                                   
 
Improve the work-flow – To improve the work-flow measurements aid in locating bottlenecks and 
eliminating wastes in specific activities of the software development process [101].  
 As presented in Table 11, M65: Common Tempo time and M68: cycle time distinguishes the 
sources of deviation remove the bottlenecks [20]. M100: touch time, M68: cycle time, M69: Lead 
time, M70: queue time, M71: processing time are used to detect the wastes in the activities of software 
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development process [20]. The value stream maps (VSM) are used to identify waste-related issues and 
the metrics used to reveal such issues are M69, M70 and M71 [21]. Measures M103: Overview 
percentage, M104: Inflow and outflow, M105: Number and percentage of cases on each column in the 
board, M69 and M70 are essentially used to enhance the visibility of the flow [31, 36]. M101: Process 
cycle efficiency identifies the tasks that don’t add any value thereby achieves to remove the 
bottlenecks that hinder the process. M57: Story flow implementation identifies if there is any blockage 
in the implementation of the story associated with context shifts and handovers [102].  
Visualize the work-flow – Metrics were used to enhance the visibility by visualizing the indicators 
that discover the bottlenecks in the work-flow. 
  As shown in Table 11, M1: Cumulative flow diagrams (CFD) is a simple tool to visualizes the 
bottlenecks in the work-flow [56]. It shows how the scope of the product backlog affects the lead time 
and Work in progress (WIP) [56]. M335: In project visualization and M336: Post project 
visualization finds the bottlenecks and evaluates if improvements in lead time and throughput have 
been accomplished [101]. M233: rework can be exhibited utilizing a graph which is valuable for 
finding bottlenecks and delays in the project [56].  
Enable Continuous Process Improvements – The two vital principles that guide process 
improvements are interactions between the individual parts of software development from an end-end 
viewpoint and discovering wastes in the process [22]. Additionally, process improvements persistently 
re-adjust the software process to enhance the performance and quality of the workflow.   
 Table 11 presents metrics to improve the software development process and remove the waste 
related problems in the work-flow from an end-end perspective to accomplish continuous process 
improvements. The goal of the metrics M170-M176 is to give significant data to the team for 
improving the performance of the pipeline. With them, it is conceivable to find bottlenecks, indicate 
and subsequently remove waste and achieve process improvements. The metrics in the 
implementation level are M170: Development time, M171: Deployment time, M172: Activation time 
depend on the tools and practices used to implement the pipeline [45]. The metrics on pipeline level 
M174: Releases per month, M175: Features per month, M176: Fastest Possible Feature Lead Time 
are self-reliant of the actual implementation of the pipeline [45].  
 
Category 2: Assess, track and improve the product quality  
 Metrics were mainly used to evaluate the product quality, to improve the level of quality and to 
monitor the Quality assurance activities. Table 12 presents the goal of the metrics, the sub-goal stating 
the purpose of the metric indicated in the study, a set of questions used to categorize how the goal can 
be achieved and metrics to answer the question. The sub-goals and questions highlighted in red are 
explicitly mentioned whereas the questions in black are formulated based on the point-blank level 
detail of the purpose in the primary studies. Furthermore, the blank cells in the question column 
denotes the absence of the point-blank level detail of the purpose and the blank cells in the sub-goal 
column denotes absence of the purpose in the primary studies. 
 
                               Table 12: Metrics to assess, track and improve the product quality 
Goal     Sub-goal Question Metric ID 

Improve the 
level of quality 

   

 Provide a defect free 
environment to the 
customer 

 M7 [5] 

 Diminish or fix the errors 
before released. 

 M35-M44 [10] 

  What is the quality of code 
being delivered to the 
system test process? 

M49 [13] 

  What is the level of quality 
experienced by the 
customers? 

M50 [13] 

 Eliminate Rework   M66 [20] 
 Accomplish the target of 

zero defects at the end of 
the release 

Are we going to achieve the 
zero-defect goal at the 
release date given the 
resources we have? 

M78 
[24] 
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 Level of quality  M79 [25] 
 Level of quality Does the code have 

sufficient quality?" And 
therefore, also the third 
question "What is an 
appropriate definition of 
done?" 

M137 
[39]; M59 [39] 

 Level of quality What is the number of open 
faults in an ongoing release 
implementation? 

M347 
[110] 

 Estimate the release 
readiness of the product 

 M143 
[40] 

 Contributes to maintain 
quality of product 

 M59, M152 [43] 

 Capacity of team to hand 
over product quality 

 M233 [56] 

 Ability to Merge Iteration 
Cycles into a Seamless 
Overall Release 

What is the quality 
experienced by the 
customers? 

M248 [62] 

 Quality improvement  M250-M254 [65]; 
M250-M252 [103] 

 Confirm the product is of 
adequate quality before 
entering production 

 M143 [84] 

 Control the number of 
defects delivered to the 
customer 

Where is the origin of 
defects? 

M326 [94] 

 Control the number of 
defects delivered to the 
customer 

How effective is the testing? M327 [94] 

 Control the number of 
defects delivered to the 
customer 

How many defects are 
injected? 

M328 [94] 

 Control the number of 
defects delivered to the 
customer 

What types of defects are 
injected? 

M326 [94] 

    
Monitor QA 
activities 

   

 Prevent integrating code at 
the end 

How continuous the 
integration is and continuous 
work? 

M46 [12] 

 Control the defects using 
CI 

 M56 [17] 

 Track the progress of CI  M61, M62 [18] 
 Act on the current design 

quality of the system 
When and how much to 
refactor is a balancing act 
for the team? 

M102 [30] 

 Check the current CI 
potential of the project 

 M59, M110, M111 
[33] 

 Track testing effectiveness  M126 
[38] 

 Track the effort spent on 
testing 

 M128 
[38] 

 Find the frequency of the 
integration 

How continuous is our 
Continuous Integration? 

M133 
[39] 

 Present the number of 
attempts for successful or 
erroneous continuous 

How continuous is our 
Continuous Integration? 

M134 
[39] 
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integration 
 Find the probability of a 

build or test failure 
How continuous is our 
Continuous Integration? 

M135 
[39] 

 Give the duration of the CI How continuous is our 
Continuous Integration? 

M136 
[39] 

 Evaluate the performance 
behavior of a module or a 
function.  

How continuous is our 
Continuous Integration? 

M138 
[39] 

 Illustrate the complexity of 
the change 

 M139 
[39] 

  How many components are 
involved during a single 
check in 

M140 
[39] 

  Is the check-in prohibited to 
one component? 

M141 
[39] 

  Which component has 
inadequate test cases? 

M142 
[39] 

 Analyze the quality of the 
testing process 

 M146 
[41] 

 Intervene when there is a 
failed build or long-
running tests 

 M167, M168 
[44] 

 To support refactoring  M223-M231; M132, 
M13, M125, M193, 
M194, 
M232 
[55] 

  How well are the testing 
practices are followed in a 
project? 

M304 
[86] 

  How well Continuous 
Integration is going in a 
project? 

M305 
[86] 

 Depict the progress of the 
test automation on product 
and team levels 

 M345 
[110] 

 Ensure a short continuous 
integration response time 
to developers 

 M349 
[110] 

 Give the efficiency of 
testing 

 M74, M75 [22] 

 Promote testing  M81 [27] 
Evaluate the 
product 
Quality 

   

 Identify quality issues in 
the early stages of software 
development. 

 M1 [38] 

 Evaluate the quality in 
terms of lack of defects. 

 M129 
[38]  

 Evaluate the quality of 
object-oriented systems in 
terms of maintainability.  

 M132 
[48] 

 Evaluate Process Quality  M198-M214 
[48] 

  What is the quality of the 
completed work? 

M241 [62] 

 Assess test quality  M242 [62] 
 Give a probable hazard of  M243 [62] 
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a regression to a code 
change. 

 Evaluate quality after 
product shipment 

 M244 [62] 

 Predict fault proneness in 
OO systems  

 M132, M271 
[70]; M341, M342 
[108] 

  What is the number of 
unsolved defects in the 
project? 

M126, M291, M292, 
M293 
[78] 

 Provide information on the 
quality of the system 

 M291 [78] 

 Guide developers 
predicting the likely 
quality outcomes. 

 M302, M303 
[86] 

  How stable is the software? M238, M362 
[106] 

 Guide continuous quality 
assurance throughout the 
project. 

 M59, M166 [44] 

 Measures for product 
quality 

 M178-M181 [47]; 
M44 [11]; M44 [12]; 
M73 [22]; M322, 
M323 [93]; M118, 
M117, M75, M311, 
M312 
[92]; M182-M197 
[48] 

 Metrics for agile quality 
measure 

How motivated the entire 
team is 

M329 [96]  

 Metrics for agile quality 
measure 

 M309, M10, M118, 
M332 [96] 

 Metrics for agile quality 
measure 

How accurate the time work 
estimate is 

M182 [96] 

 Metrics for agile quality 
measure 

How team utilize their time 
to accomplish the agreed 
workload 

M330 [96] 

 Metrics for agile quality 
measure 

What is the potential of the 
team to meet set target per 
iteration? 

M331 [96] 

 Visualize the product 
quality 

 M143-M145 

                                           
Improve the level of quality – The goal of any organization is to attain the highest level of quality for 
the software product [47].  Metrics were mainly used to improve the product quality. This was 
achieved by reducing the number of defects thereby providing a defect-free experience to the 
customers at the end of the release. Also, metrics indicate if the product is of sufficient level of quality 
for the release. 
 As shown in Table 12, M7: percentage of automation test coverage provides a defect free 
experience to the customers [5]. M35: Total Reported Bugs, M36: Number of critical Bugs, M37: 
Outstanding Bugs, M38-M44 enhances the quality of the software by decreasing the number of bugs 
before it is being released into production [10]. M49: total defects found in system test gives the 
quality of code being delivered to the system test process [13].  M66: number of bounce backs raises 
the quality of the product by removing rework [20]. M78: Defect backlog indicator predicts the 
number of defects in the backlog with a vision of zero defects at the end of the release date [24]. The 
level of quality is measured using M79: new and open defect [25]. M137: test cases and M59: test 
coverage tells if the code is of adequate quality and answers the question “what is an appropriate 
definition of done” [39].  
Monitor Quality Assurance (QA) activities – Quality in software product development is assured by 
following disciplined practices and standards that are utilized throughout the development process. 
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 Due to the lack of traditional quality assurance activities in Agile Software Development, the 
Agile practices must be adapted or the quality assurance activities must be changed into agile 
practices [18]. Metrics were used to monitor the QA activities such as CI, refactoring and testing to 
improve the product quality and to enable continuous quality assurance throughout the project.  
M46: Pulse prevents integrating code at the end and determines how well is the continuous integration 
[12]. M102: Design debt guard serves as a decision support to optimize the quality of the software 
product by showing the amount to refactor [30]. M133-M136 and M138 tells how well the continuous 
integration is going on in the project [39]. M133: No of errors during a phase gives the frequency of 
the integration.M135: Duration of continuous integration gives the probability of a build or test 
failure. M136: Availability of continuous integration checks how fast the result of the CI is available 
to the developer. Additionally, M139-M142 measures considers the size and complexity of the check-
ins. M139: change size indicates the complexity of the change. Source code metrics were used to 
M223: Number of parameters, M224: Coupling between Objects M225: Cycle Count of Dependency 
Graph, M226-M231; M132, M13, M125, M193, M194, M232 to support agile software development 
exclusively refactoring [44]. The combination of M74: Number of test cases and M75: fault slip 
through measures the efficiency of Testing [22]. M345: Number of automated cases versus total test 
cases in use gives the percentage of progress towards test automation on product and team levels 
[110]. M138: Latency of messages analyses the performance behavior of a module or a function [39]. 
The performance measurements are integrated in the CI environment. 
Evaluate the product Quality – One way to ensure software quality is by assuring high quality of the 
process by which the product is developed. Metrics were used to assess the product and process 
quality. Metrics were defined for each of the key attributes (M182-M214) of quality to evaluate the 
product and process quality in agile IT projects [48]. M244: voice of customer is utilized to evaluate 
product quality after delivery to the customer [62]. M302: Weighted Methods per Class and M303: 
class size can help developers in understanding design complexity, in locating design flaws, and in 
estimating certain quality outcomes such as software defects, testing, and maintenance effort [86]. 
M238: System Design Instability is an indirect measure of the stability of the product, as reflected by 
adjustments to classes in a software system [106]. M311: Bug trends and M312: no of incidents 
caused by releases were stated as quality KPI’s [92]. To visualize the product quality a dashboard was 
used to display the measures M143-M145. M143: Release Readiness indicator estimates if the product 
under development has sufficient level quality for being released [40]. M144 guides the readiness of 
functionality (check-in trend), the temperature of functionality developed (Number of check-ins last 
week), demonstrates the average level of check-ins is (check in pace) and pictures how stable the 
design of the software is by locating spots where the design needs rework (Heatmap of revisions per 
model per week) [40]. M145 screens the quality utilizes a dashboard that comprises of tree map/heat 
map, hotspots by critical violations, most violated rules by severity, code complexity metrics used 
with build radiators for observing the internal and external quality of the product [40]. 
 
Category 3: Project Planning and Estimation 
Planning in Agile Software Development is accomplished at various levels namely at release 
planning, sprint planning and current day planning [113]. Adequate planning needs measures that are 
moderately precise and reliable as these shape the reasons for prioritizing, staffing, bids and contract 
negotiating.  
 From the primary studies, metrics were mainly used to understand the project scope, to forecast the 
release completion and for prioritizing the work-items. Table 13 presents the goal of the metrics, the 
sub-goal stating the purpose of the metric indicated in the study, a set of questions used to categorize 
how the goal can be achieved and metrics to answer the question. The questions highlighted in red are 
explicitly mentioned whereas the questions in black are formulated based on the point-blank level 
detail of the purpose in the primary studies. Furthermore, the blank cells in the question column 
denotes the absence of the point-blank level detail of the purpose and the blank cells in the sub-goal 
column denotes absence of the purpose in the primary studies.  
 
                                           Table 13: Metrics for Project planning and Estimations 
Goal     Sub-goal Question Metric ID 
Understand 
the Project 
Scope 

   

 Estimate the delivery capacity 
          (AND) 
Estimate the planned value of 

How much work the team can 
complete based on prior 
efforts? 

M10 
[6] [14] [76] 
[92] [77] 
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the next sprint How much work we could 
accept? 
How much product backlog 
effort a team can handle in one 
unit of time? 

 Dwell the project plan with 
buffers against schedule 
slippage 

 M17 
[9] 

 Determine the organization 
capability in removing special 
cause variation. 

Where in the life-cycle is, the 
blockage is occurring? 

M18 
[9] 

 To know the capabilities of 
the team 

 M19-M23 
[10] 

 Determine the capacity of the 
team 

 M24-M34 
[10] 

 Eliminate Rework   M66 [20] 
  How well-defined are the 

requirements? 
M121, M122, 
M123 
[36] 

  Where to allocate the quality 
assurance resources? 

M130 
[36] 

 Effort Estimation  M54 [15]; 
M10, M216 
[49]; M47 
[49]; M220 
[54]; M236, 
M237 
[59]; M272 
[76]; M220 
[95]; M54, 
M125, M220,  
M354 
[115] 

 Efficient Sprint Planning  M352, M353 
[113]; 

 Give the disturbance free time 
where the work can be 
productive. 

 M215 
[49] 

 Predictors of development 
effort 

 M217-M219 
[52] 

   How much each member is 
involved in one Sprint related 
work? 

M235 
[59] 

   M10 
[76] 

 Accustom velocity to a 
predictable range 

 M273 
[76] 

 Estimate the development cost  M274 
[76], M339 

 Gain confidence while 
estimating the time for 
projects 

 M276, M265 
[76] 

 Financial Measures  M306-M309, 
M315, M16 

 Sizing agile projects  M234 
[76]; M234 
[107]; M220 
[73]; M234 
[56]; M234 
[57] 
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 Assess the documentation 
quality 

 M234 
[79] 

   M235-M237, 
M272 

Forecast a 
release/sprint 
completion 

   

  What is the time needed to 
deliver the product? 

M54 
[49], M275 
[76], M355 
[115] 

  How long will it take to 
complete a user story or a 
release? 

M220 
[74] 

  What is the remaining time of 
the project? 

M10 [23] 

Prioritization    
 Prioritize the backlog items  M53 

[14] 
 Schedule the features with 

high priority 
 M77 

[23]; M112 
[36] 

 Rank the requirements and 
design ideas. 

 M131 
[36] 

 Provide fixed number of story 
points for long term 
scheduling 

 M124 

 Ability to Change Content or 
Priorities  

 M245 
[62]; M246, 
M247 
[62] 

                                                            
Understand the project scope – Agile methods spend most of the project effort on defining and 
finding the scope of work to be performed in an iteration/release [67]. For better planning, metrics 
were used to understand the scope of the project for estimating the amount of work to be done in a 
release, padding the project plan with buffers and staffing the resources to complete the planned work. 
Apart from this, metrics were also used to estimate the budget for a release. 
 M10: velocity gives the amount of work the team can expect to complete based on prior efforts [6]. 
Also, M10 tells how much work can be done in each sprint [14] and is a good predictability metric to 
estimate the delivery capacity [92]. An understanding of common cause variation is used for project 
planning and estimation, for instance M17: Velocity of production of customer valued items dwells 
with the risk of project plan by enabling buffers against schedule slippage [9]. If the project has begun 
to run late, M66: rework enabled the scope of the project to be reduced where it was the least harmful 
[20].  
 By undertaking the people and project related factors that affect the estimation process; M235: 
sprint point is calculated. By this strategy, the cost, effort and duration of small and medium size 
project can be measured efficiently [59]. To accommodate the characteristics of Agile methodology 
such as Adaption and Iteration, M273: Adjusted velocity, M274: cost, M275: Time estimation, M276: 
Span of Uncertainty are used to measure the effort and costs for a given project and M273 accustoms 
velocity to more predictable range [76].  
Forecast a release completion – Metrics were used to predict the time required to complete a release 
or a sprint. As given in Table 13, M54: Story points calculates the time needed to deliver certain 
functionality to the customer [49] and M275 gives the duration needed to complete the project [76]. 
M355: adjusted velocity estimates the time to conclude a release [115].  
Prioritization – Metrics aid in prioritizing the work items for a release or an iteration. Enterprise 
backlog items are the work product of the enterprise scrum team. M53 ranks the enterprise backlog 
items [14]. M77: Cycle Time and M112: Optimal Lead time can be used to schedule high priority 
features [23,36]. M131: Value-to-cost ratio of requirements and design ideas helps to prioritize 
requirements and design ideas [36].  
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 Apart from the above stated goals, metrics M317: detailed planning horizon and M318: backlog 
horizon was stated to be used for planning purposes [92]. 
 
Category 4: Project Progress and tracking 
 A major issue when adopting agile software development methods is the loss in management 
control; hence, monitoring agile projects is one of the biggest concern in the software industry [19]. 
From the primary studies, metrics were used to track the project progress in terms of work done, to 
achieve time and cost related goals, release readiness of the product and value delivered. Further, 
metrics were used as tracking tools to visualize the project progress. Table 14 presents the goal of the 
metrics, the sub-goal stating the purpose of the metric indicated in the study, a set of questions used to 
categorize how the goal can be achieved and metrics to answer the question. The sub-goals and 
questions highlighted in red are explicitly mentioned whereas the questions in black are formulated 
based on the point-blank level detail of the purpose in the primary studies. Furthermore, the blank 
cells in the question column denotes the absence of the point-blank level detail of the purpose and the 
blank cells in the sub-goal column denotes absence of the purpose in the primary studies. 
                                                 
                                             Table 14: Metrics for Project Progress and tracking. 
Goal     Sub-goal Question Metric ID 
Achieve time 
and cost-related 
goals 

   

  Can the required 
modifications be 
performed prior to the 
planned release date? 

M69 [31] 

 Show the actual vs planned 
work 

 M163 [43] 

  Are we on schedule? M54 [62] 
 Ability of the organization 

to meet the end user needs 
Are we on schedule? M239 

[62] 
 Evaluate Team’s 

productivity 
Are we on schedule? M10 

[62] 
  Determine the risk aspect 

relative to velocity trends 
Are we on schedule? M240 [62] 

 Timely Information on 
Project Performance  

 M249, M211, 
M212 
[65] 

   M268, M289, 
M270, M211, 
M212 
[67] 

 Confirm the project status  M270 [72] 
 Fulfil the expected 

schedule of the SD activity 
When is the delivery of the 
software system expected? 

M277-M279 
[77] 

  How the planned value 
compares to the actual 
value of a project? 

M54 
[78] 

 Estimate the budget and 
schedule overruns for each 
iteration.  

 M268, M269 
[82] 

 Control project time and 
cost 

Where is, the effort spent? M324 
[94] 

  Are the tasks finished on 
time? 
How accurate was the time 
estimate? 

M212 
[94] 

  What are the causes of 
delay? 

M325 
[94] 

 Timely information on  M337, M338, 
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project performance with 
emphasis on projects that 
tend to be late or over 
budget 

M211, M212 
[103] 

 Indicate if the scope is 
understood or managed 

 M147 
[110] 

 Makes the total time 
visible 

 M350 
[110] 

 Monitor the work in 
progress to forecast project 
schedule. 

 M112 [36] 

 Potential to deliver the 
work committed in a multi 
sprint plan.  

 M313 
[92] 

  When to conclude a 
release? 

M115 
[80] 

  How much did we spend 
to deliver the Earned 
Value? 

M266 [6] 

Track the 
project scope 

   

  What is the amount of 
completed work? 

M45 
[12]; M125 
[38]; M55 

 Present the story-centric 
view of the iteration 

 M81 
[27] 

 Increase the delivery of 
new requirements to the 
customer 

 M120 
[36] 

   M127 
[38] 

 Monitor the project scope 
dynamically 

 M221 

 Give the necessary 
information for re-
adjustments to the project 
plan.  

 M238 
[61] 

 Monitor the product 
backlog effort for each 
sprint 

Is the team meeting its 
commitments? 

M10 
[80] [46] 

 Show timely information 
about the project’s 
progress 

 M340 [105] 

 Shows the problems faced 
with the user-stories and 
their implementation 

 M344 [110] 

 Show the current level and 
progress per month  

 M59 
[110] 

 Achieve functional 
compliance of system 

To what extent are the 
functional requirements 
implemented 

M277, M279, 
M280 

 Achieve functional 
compliance of system 

How much scope churn is 
there? 

M281-M284 

 Minimize the risk of 
wasting 
SD effort 

What is the amount of 
effort at risk? 

M285 
[76] 

Release 
Readiness of the 
product 
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 Track the risk of not 
producing a working 
software at the end of 
every iteration 

 M80 
[26] 

  Is the project ready for 
delivery? 

M65 
[20] 

 Provide customers a 
reliable demo date for the 
release 

 M77 
[23] 

 Scheme demo dates with 
customers  

 M112 
[36] 

  Is the product of sufficient 
quality for its release? 

M143 
[84] 

  When can a feature move 
into production? 

M351 
[110] 

  How much did we spend 
to deliver the Earned 
Value? 

M267 [67] 

  How close to “potentially 
shippable product the team 
is at any given moment 

M51 [13] 

  When can a feature move 
into production 

M351 [110] 

Value Delivered    
 Monitor long-term 

business process 
 M113 

[36] 
  how much work has been 

completed in terms of 
value? 

M266 
[67] 

  How much value is 
currently delivered by the 
product? 

M232 
[56] 

what percentage of the 
product is completed in 
terms of value? 

    
 Optimize value for money 

of the SD activity 
What is the quality of the 
development process? 

M277, M286-M288 
[76] 

  What is the quality of the 
product? 

M289 
[76] 

  What is the financial status 
of the project? 

M290 
[76] 

 Track the value earned  M232 
[82];  
 

 Validate the business value 
delivered 

 M114 
[92] 

 Give the real customer 
value  

 M343 
[110] 

Tracking tools    
  Is the project achieving its 

time related goals 
M67 

    
 Displays aggregation of 

delivered value 
 M177 

[46] 
 Give a means of displaying 

project progress during the 
sprint 

Is the project relative to its 
time related goals? 

M47 [20] 

 Provides the view of   
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amount of the remained 
work 

 Visualizes the progress of 
the team towards the goal. 

  

 Explain the development 
work-flow to implement 
user stories 
 

Is the total size of the 
backlog (the sum of all the 
scope, regardless of status) 
constant, increasing, or 
decreasing? 

M1 
[56] 

 Give a complete view of 
the tasks status as not 
started, in-progress, and 
completed for the project 

 M106 
[80] 

    
  Where are we in relation to 

where we planned to be? 
M301 
[83] 

 Act in case of deviations 
from the plan 

 M47, M211, M212 
[104] 

 Act in case of deviations 
from the plan 

Are getting the SPs we are 
paying for 

M211 
[111] 

 Act in case of deviations 
from the plan 

Are getting the SPs at the 
rate we expected 

M212 
[111] 

 Increase the visibility to 
executive management 
using graphical 
representations 

 M211, M212, M47 
[112] 

 Display the progress of the 
value delivered 

 M310 
[92] 

Monitor 
progress 

  M339 
[104]; M165 
[43]; M296, M297- 
M299 [80]; M10, 
M68 [44] 

Measure 
progress at the 
iteration level 

  M319, M320 
[93] 

Measure 
progress at the 
release level 

  M321 
[93] 

 
Achieve Time and Cost Related Goals – Metrics were used to know if the project can be delivered 
within the planned costs and planned release date. Statistics of M69: lead time has been mainly 
utilized to support the Product Owners in estimating whether all required corrections can be 
performed prior to the planned release date [31]. M54: story points, M239, M10 and M40 indicates if 
the project is on schedule wherein M239 is the ability of the organization to meet customer’s 
requirements, M10: velocity evaluates the team’s effectiveness ad M240: complexity factor determines 
the contribution of the risk aspect relative to the velocity trends [56]. Budget and schedule overruns 
are calculated using M268 and M269 in a single iteration or release. The delivery date of the software 
system can be gauged using M277: enhancement rate, M278: time prognosis and M279: project size 
remaining [77]. M147: Delivery on time makes it visible if the organization has issues with their 
features and implementation [110]. The visibility of the completed time is given by M350: Regression 
test cycle time [110]. M58 shows how the planned value compares to the actual value of a project. The 
result indicates if the project on schedule or not [78].  
Track the project scope – Metrics were used to keep track of the project scope in terms of the work 
done in an iteration or a release. As shown in table 14, Size helps the team to understand its capacity. 
The goal of M120: Story points delivered is to increase the delivery of requirements to the customer. 
M125: lines of code indicate the amount of work accomplished [38]. M127: test points is directly 
proportional to project size and hence is used to track the project progress [38]. once the software size 
matures, M238: System Design instability indicates the progress of an object oriented (OO) project 
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[61]. This metric provides information on project evolution to project managers for possible 
adjustment to the project plan.  
Release Readiness – Metrics were used to assess if the product is ready for delivery. For instance, 
M65: Common Tempo time gauges the current production as an indicator of whether the project was 
on target for delivery [20]. M80: number of test steps monitors the risk of not producing a working 
deliverable at the end of every iteration [26]. M143: Release Readiness indicator predicts when the 
product will have the adequate quality for being released [84]. M351: definition of done must be 
fulfilled before a team can state that a feature is done. A feature cannot leave production until the 
definition of done criteria is met [110].  
Track the Value delivered – Metrics were used to monitor the value delivered from a business 
perspective. Every business tries to get an exceptional return on investment (ROI) and benefit from 
any investment, M114: Customer Satisfaction Survey tracks the business value by asking the customer 
if the features are used [92]. M232: Earned Business Value gives the amount of value the product is 
providing and likewise indicates the percentage of the product done in terms of financial value [56]. 
M306: investment, M307: operation expense and M309: return on investment are stated as financial 
metrics [92].  
Tracking Tools – Metrics were used to visualize the project progress to increase the visibility of the 
project status. Visual indicators were used to determine the project status, for instance M67: common 
tempo time against actual time chart enables the viewer to see where the project is with respect to its 
time-related goals, and the overall trend [20]. M106: Progress chart visualizes the work flow, and 
consolidates the entire team thinking by guaranteeing that the teams know about the circumstances 
and care about the outcomes [32].  M106 is used to monitor the progress of the team members in 
fulfilling the tasks for each sprint, and to get an encompassing view of the status of the tasks as not 
started, in-progress, and completed for the project. M301: line of balance enables the teams to focus 
its resources where they are required the most and shows what is required to be accomplished in a 
single chart [83]. A dashboard that consists of M47, M211, M212 increases the visibility to executive 
management [112]. 
 Apart from the above, metrics M339, M165: Top Hill View, M10, M68, M296: defects per 
iteration, M297: no of stories, M298: level of automation and M299 were stated to monitor the project 
progress. Also, M319: Progress in an iteration, M320: Exact Progress in an Iteration and M321: 
Progress in the release were proposed to monitor the projects progress at release and iteration level 
respectively [93]. 
 
Category 5: Measuring the Teams 
 As the Agile manifesto states, “Individuals and Integrations over processes and tools” suggests 
that the individuals and interactions are esteemed, as the objective is a well- functioning team of 
skilled resources. The success of the development project relies on the skills and actions of each team 
member [110].  
 From the primary studies, metrics were used to drive the team’s behaviors, measure the 
satisfaction and productivity of the team members. Table 15 presents the goal of the metrics, the sub-
goal stating the purpose of the metric indicated in the study, a set of questions used to categorize how 
the goal can be achieved and metrics to answer the question. The blank cells in the question column 
denotes the absence of the point-blank level detail of the purpose and the ones in the sub-goal column 
denotes absence of the purpose in the primary studies. 
                                                         Table 15: Metrics for measuring the teams. 
Goal     Sub-goal Question Metric ID 
Drive Team’s 
Behavior 

   

 Motivate to reduce the 
number of bugs 

 M43 
[10] 

  Is the work for the sprint 
sufficiently described? 

M57 

 Promote motivation  M77 
[23] 

 Act immediately to fix 
problems 

 M78 
[24] 

 Challenge the teams to 
enhance the lead times. 

 M69 [31] 

 Motivate to write tests   M127 [38] 
 Influence the performance of  M10, M148, 
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the scrum teams M153, M149, 
M151, M157, 
M162 [58] 

 Giving power to the team to 
choose their own way of 
working  
 

 M265 
[66] 

 Administer discipline in the 
team on code quality 

 M295 [82] 

 Emphasize a “Stop the line” 
mindset to defects 

Are problems proactively 
handled? 

M56 
[102] 

 Challenge the teams to fix 
issues 

 M348 
[110] 

 Challenges the teams to 
work on code refactoring 

 M117 
[110] 

Team Satisfaction    
 Visualize the mood of the 

team members 
How people perceive the 
change and how they react? 

M107 
[32] 

 Job Satisfaction  M255-M259 
[65] 

 Team morale  M294 [78] 
Productivity    
  What is the productivity of 

the teams? 
M8 [5]; M10 
[92]; 
M119[36] 

Efficient 
Impediments 
Resolution  

  M260, M261 
[65] 

Measure defect 
fixing capacity of 
the development 
team 

  M150 [43] 

                                                
Drive Team’s Behavior -  Metrics were used to motivate and challenge the team members, leading to 
higher productivity and quality that positively impacts the whole business in terms of finance. 
Publishing M77: Cycle Time on boards enabled the teams to track their own performance [23]. M77 
promoted motivation to make a steady progress along with the other teams [23]. M78: Defect Backlog 
indicator helped in creating crisis awareness and thus motivated the teams to take actions to avoid 
problems [24]. M295: standard violation authorizes discipline within the team regarding code quality 
and is used to guide the teams towards the right attitude during development [82].  
Team Satisfaction – Metrics were used to measure the team’s satisfaction. M107: emotional 
seismograph visualizes the mood of the team members [32]. M255: Average amount of overtime at 
sprint/release/project level M256: average number of projects the employees work in parallel, M257: 
IT personnel turnover, M258 and M259 measures the team satisfaction [65,103]. M294: happiness 
metric measures the team morale [78]. 
Productivity – Metrics were used to measure the productivity of the teams. For instance, M8 measures 
the productivity over the duration of the project [5]. The team’s productivity is calculated using the 
size of the product M119: Running Automated Tests [36]. M10: velocity can be used as a measure to 
calculate the productivity of the project [92]. 
Apart from the above metrics, M260: Mean Time for Resolving an Impediment and M261: Average 
number of Impediments per Task/Sprint/Team aim at resolving efficient impediments by scrum master 
[65]. M150 gauges the defect fixing capacity of the development team [43].  
 
Category 6: Other 
 Aside from the above categories, metrics were also used to determine the project success, 
performance and to gauge the customer’s satisfaction. Table 16 presents the goal of the metrics, the 
sub-goal stating the purpose of the metric indicated in the study, a set of questions used to categorize 
how the goal can be achieved and metrics to answer the question. The questions highlighted in red are 
explicitly mentioned whereas the questions in black are formulated based on the point-blank level 
detail of the purpose in the primary studies. Furthermore, the blank cells in the question column 
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denotes the absence of the point-blank level detail of the purpose and the blank cells in the sub-goal 
column denotes absence of the purpose in the primary studies. In addition, there were metrics whose 
goals were not mentioned in the primary studies as shown in Table 16. 
 
                                 Table 16: Metrics stated for other purposes in the primary studies. 
Goal     Sub-goal Question Metric ID 
Project Success   M11-M16 

[8], M109 [32] 
Ensure business 
goals can be 
reached 

  M108 
[32] 

Monitor the 
performance of the 
project 

  M10 
[36]; M82-M99 
[28] 

Verify project’s 
compliance as per 
company standards 

  M164 

Measure the business 
impact in agile 
development projects 

  M363 
[66] 

Innovation   M314 
[92] 

Influence team 
performance 

  M148, M149, 
M151, M153, 
M157, M158, 
M162 

Customer satisfaction   How many new customer 
defect reports have been 
received during the month?  
How many customer defect 
reports are open at the end of 
month at the time the 
calculation is done. 

M346 
[110] 

Customer 
satisfaction 

  M262-M264 
[65]; M262 
[103]; M163 [43] 

Customer 
Satisfaction 

  M52 
[12] 

 
 As seen in Table 16, M11: Customer Satisfaction, M12: Business value delivered, M13: Running 
tested features, M15 and M16 measures are correlated to the success of the project [8]. The 
performance of the projects can be measured using M82-M99: repeat business and M10: velocity 
[28,36]. M164: Non-Compliance index validates the projects compliance against the company’s 
standards [43]. M314: no of ideas in different phases aims to measure the innovation [92]. M333: 
M363: Opinion Polls measures the business impact in agile development projects [66]. 
 
4.1.1 RQ1.1) Which of the reported metrics are defined and connected to goals that indicate the 
aim of the metric? 
 
Results 
 
In this section, we highlight the metrics that are defined and connected to their goals as indicated in 
the primary studies. It is not only important to know which metrics are appropriate for lean and Agile 
software development, yet in addition to quantify it, the metric must be defined and an understanding 
of the metrics behavior is imperative.  
 The identified metrics in the state-of-the-art are rated based on specific criteria 1.) Definition 
Accuracy (DA) 2.) Goal Agreement and 3.) Number of occurrences. The DA answers the question ‘Is 
the measurement well-defined”. A rating of 0 was given if the definition of metric is not stated in the 
primary studies; 0.5 if there exists a vague definition of the metric; 1 if the definition is stated clearly 
in the primary studies. To get an understanding if the metric agrees with its goal, we need to know the 
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interpretation of the metrics result. A rating of 1 is given if there exists a clear justification (the 
interpretation of the metrics result) i.e. the metric agrees with its goal. Also, if the interpretation of the 
metrics result is not stated explicitly, but obvious from the context, it is rated as 1. A rating of 0 was 
given if the interpretation of the metrics result is not stated in the primary studies. To reinforce the 
evidence of using a certain metric, we calculate the frequency of occurrences by counting the number 
of sources that stated the metric. 
 For each of the categories identified in the State-of-the-art, the analysis of the metrics to its 
definition and goal agreement can be divided into 4 groups as given below: 
Group I – The definition of the metrics and their interpretations are stated in the primary studies. In 
other words, the metrics whose DA is 1 or 0.5 and Goal agreement tends to 1 belong to this group. 
Group II – The definition is stated, but the analysis of the metrics result is not stated in the primary 
studies. In other words, the metrics whose DA is 1 or 0.5 and Goal agreement is 0 belong to this 
group.  
Group III – The interpretation of the metrics result is stated or obvious from the context, but the 
definition is not given in the primary studies. In other words, the metrics whose DA tends to 0 and 
Goal agreement is 1 belong to this group. 
Group IV – Both the definition nor the interpretation of the metrics result is not stated in the primary 
studies. In other words, the metrics whose DA tends to 0 and Goal agreement tends to 0 belong to this 
group. 
 
Results of Category 1: Efficient Flow of Software Development 
 Table D.1 in Appendix D gives the definition and interpretation of the metrics in category 1 along 
with the DA rating and goal agreement rating.  
 The analysis of metrics to its DA, goal agreement rating and number of occurrences is plotted in 
the bar graph as shown in fig 10. The graph is divided into 3 regions; wherein ‘A’ indicates the region 
of metrics that aim to improve the work-flow; ‘B’ indicates the region of metrics that visualize the 
work-flow and ‘C’ indicates the region of metrics that aim to achieve continuous process 
improvements.  
 The division of the metrics to their respective groups (I, II, III, IV) given in columns and regions 
(A, B, C) indicated in rows is shown in Table 17. 
 
                        Table 17: Division of metrics into groups and regions for Category 1. 
Group ID   Region A Region B Region C 
I  M2-M6, M65, M68, M70, M71, 

M81 and M101 
M1, M335 and M336 M169, M173, M73 

II M69  M170-172, M174-
M176, M126 and 
M128 

III   M72 
IV M100, M103-M105 M233  
                                     
Analysis of Category 1 
 Overall, of the 37 metrics in category 1, 95% of the metrics have been defined for a Lean process. 
While few express that lean and agile follow the same principles, and can be used as synonyms [1, 2], 
the major difference between lean and agile process is Lean’s “see as a whole” (end-end perspective) 
principle [2,3]. Henceforth, majority of the metrics defined in category 1 increases visibility, 
visualizes and continuously improves the process from an end-end perspective.  
 The metrics with more number of occurrences in the primary studies, indicate that they are 
repeatedly used to address the same goal. Henceforth it can be said that these metrics are in-demand in 
achieving their intended goal. For instance, M68, M69, M70: Lead time are in demand for region-A 
i.e. to improve the work-flow. In addition, M68: Cycle time and M70: Queue time belong to group-I 
which is an add-on to come down in favor of selection of these metrics for region A. Similarly, in 
region B, M1: CFD is in-demand and belongs to group I. From this, we imply that M1 is preferable to 
use among the other metrics in region C. 
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                                               Fig 10: Distribution of metrics into groups for category 1. 
 
 
 From fig 10 in region C, 66% of the metrics aim to achieve continuous process improvements 
from an end-end perspective in a Lean process. Universally, it is difficult to monitor the flow in 
various phases of software development from an end-end perspective as software is developed and not 
manufactured [22]. But we found 3 such metrics in region C that belong to group-I and align with the 
goal of monitoring bottlenecks and removing wastes in specific phases of software development as 
given in table 17. Additionally, M170-M172 and M174-M176 of group II are to be explored to verify 
their goal agreement in achieving continuous process improvements from an end-end perspective.  
 Nowadays, to gain an overall vision of the work-flow, organizations use a combination of lean and 
agile processes [161].  In region A, Kanban a special case of lean [1] has gained popularity as it aims 
to provide visibility of the work-flow [162]. M103, M104 and M105 in group-IV are defined 
specifically for a Kanban method which aims to improve the work flow. These metrics must be clearly 
justified for their usage in combination with the agile methods to provide perceptibility in the work-
flow. 
 
Results of Category 2: Assess, Track and improve the product quality 
 Table D.2 in Appendix D gives the definition and interpretation of the metrics in category 2 along 
with the DA rating and goal agreement rating.   
 The analysis of metrics to its DA, goal agreement rating and number of occurrences is plotted in 
the bar graph as shown in fig 11. The graph is divided into 4 regions, wherein ‘D’ indicates the region 
of metrics that aim to improve the software quality; ‘E’ indicates the region of metrics that monitor 
software quality assurance activities; ‘F’ indicates the region of metrics that evaluate the software 
quality and ‘G’ indicates metrics that belong to more than one region (D, E, F).  
The division of the metrics to their respective groups (I, II, III, IV) given in columns and regions (D, 
E, F, G) indicated in rows is shown in Table 18. 
 From region G, we’ve found that same metrics address different goals or belong to different 
regions. M59: test coverage aims to monitor continuous Quality Assurance (QA) activities and 
evaluates the quality of the software product (region E, F). M126: defect count aims to evaluate the 
product quality and monitors QA activities (region E, F). M44: Technical debt aims to improve and 
evaluate the product quality (region D, F). M132: Chidamber and kemerer (CK) suite aims to evaluate 
product quality and to monitor QA activities (region E, F).                                    
 
Analysis of Category 2 
As shown in fig 11, M250: Error Density, M251: cost of rework and M252: Fulfilment of scope are in 
demand metrics in region D. Further, M250 and M251 belong to group-I and thus is the best option to 
choose among the other metrics in region D. M75, M44, M126 and M132, M59 of region G belong to 
group-I, are justified to address more than one goal and hence these metrics are adjustable for their 
usage depending on the context of application.  

A 
B 

A – Improve work-flow 
B – Visualize the work-flow 
C- Enable Continuous Process Improvements 
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      It has been seen measuring software quality has a positive correlation with project success [8]. As 
shown in fig 11, 85% of the metrics in category 2 belong to group I i.e. the metrics are clearly justified 
and their implementation is acknowledged. Hence, these metrics can be applied in practice to 
contribute for the success in agile software development projects. 
                    
                                     

 
                                                         Fig 11: Distribution of metrics into groups for category 2. 
 
 
       In region E, 96% of the metrics belong to group I advocate to guide testing, refactoring and 
Continuous Integration (CI). Though agile process by itself enables a good quality product [163], 
these metrics are justified for their use to enable continuous QA throughout the project. 
      In region F, there are 17 metrics (M198-M214) of group II that evaluate the process quality. It is 
said that process quality has a significant influence in the product quality [41]. Hence, these process 
metrics must be evaluated to know if the effect of the metric’s behavior satisfy their intended purpose 
or must be justified for their application in practice. 
 
                    Table 18: Division of metrics into groups and regions for Category 2. 
 
Group 
ID 

Region D Region E Region F Region G 

I M7, M35, M38-M40, 
M49, M78, M79, M347, 
M59, M137, M143, 
M146, M233, M248, 
M250, M251, M326 

M46, M56, M59, 
M110, M111, M60-
M62, M102, M126, 
M133-M138, M141, 
M146, M167, M168, 
M223-M232, M125, 
M13, M132, M193, 
M194, M333, M334, 
M304, M305, M75, 
M81 

M1, M126, M129, 
M241, M242, M243, 
M244, M132, M271, 
M341, M342, M302, 
M303, M238, M362, 
M59, M182-M187, 
M191-M193, M195, 
M117, M73, M48, 
M44, M118, M106, 
M322, M329, M118, 
M143-M145 

M59, 
M126, 
M44, 
M132 

II  M139, M140, M142, 
M128 

M291, M292, M293, 
M198-M214, M166, 
M188-M190, M194, 
M197, M323, M64, 
M309, M330, M331 

 

III M36, M37, M42, M66    
IV M50, M152, M327, M328 M349 M178-M181, M311, 

M312 
 

 

D – Improve Product Quality 
E – Monitor QA activities 
F – Evaluate Product Quality 
G – (D+E) or (E+F) or (F+D) or (D+E+F) 
 

D 
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      A good agile metric is easy to collect and reinforces lean and agile principles [6]. We have found 
that, a large portion of measures in this category are calculated using automated tools (see Table D.2 
in Appendix D). This indicates that the metrics are easy to collect and satisfies the principle of a good 
agile metric [6]. It is worth-mentioning that some of the traditional source code metrics M126: defect 
count and M132:CK suite were the most used measures (see fig 11) in an agile context. These metrics 
rationalize agile software development principles mainly refactoring to increase the quality and 
productivity of the product [38, 55]. Besides, these source code metrics like in traditional software 
development are useful to detect the design flaws and predict the fault proneness of the system 
developed using agile [69, 70]. This implies that traditional metrics are used for the same purposes 
and can be used in an agile context provided they don’t harm the agility of the process and reflect the 
agile principles [19].  
 
Results of Category 3: Project Planning and Estimations 
Table D.3 in Appendix D gives the definition and interpretation of the metrics in category 3 along 
with the DA rating and goal agreement rating.  
 
 

 
 
                                                 Fig 12: Distribution of metrics into groups for category 3. 
 
 The analysis of metrics to its DA, goal agreement rating and number of occurrences is plotted in 
the bar graph as shown in fig 12. The graph is divided into 3 regions, wherein H indicate the region of 
metrics that aim to understand the project scope, I indicates the region of metrics predict the 
completion of the release date, J indicates the region metrics that are used to prioritize the work-items, 
K indicates metrics that belong to more than one region (H, I or J) and K1 indicates the region of 
metrics defined for project planning.  
 The division of the metrics to their respective groups (I, II, III, IV) shown in columns and regions 
(H, I, J, K, K1) indicated in rows is shown in Table 19.  
                     
                        Table 19: Division of metrics into groups and regions for Category 3. 
Group 
ID 

Region H Region I Region J Region K1 Region K 

I M17, M18, M10, 
M216, M354, M220, 
M216, M236, M237, 
M272, M57, M130 

M10, M54, 
M275, M355, 
M220 

M53, M77, 
M131, M245-
M247, M124 

 M10 and M54 

II M307     
III M19, M215     
IV M20-M34, M54, 

M352, M353, M121, 
 M112 M317, M318  

H – Understand the project Scope 
I – Predict the release completion 
J – Prioritizing work-items 
K – (H+I); K1- Project planning 
 
 
 
 

H I J K K1 
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M123, M159, M308, 
M309, M217-M219, 
M272-M274, M339, 
M265, M276, M306. 

 
 
Analysis of Category 3 
From fig 12, M220: Function Points and M234: Cosmic of group-I are in demand and is preferable 
among the other metrics in region H.   
 For project planning and estimation, out of 53 metrics 39 of them aim to understand the project 
scope. It seems that understanding the scope of the project is imperative for agile projects. The 
execution of a right delivery strategy in terms of project scope is a success factor that drives to the 
success in agile software development projects [164]. In region H, most of the metrics of group I 
focus on estimating effort for agile projects. M220: function points and M234: Cosmic functional 
points are most commonly used metrics for estimating the effort. Nonetheless, it has been shown that 
M220 are inaccurate in predicting the size and effort of the project [74, 95]. Rather than depending on 
guess estimates such as planning poker, to get a reliable estimate based on facts M234: Cosmic 
Functional points was used. The purpose of the COSMIC method is to provide a standardized method 
for gauging the functional size of software irrespective of its application domain [57]. Likewise, to 
assess the accuracy of estimations, M234 evaluates the quality of the documentation assuming that a 
lower quality of documentation will prompt a less precise value, and thusly a less precise estimation 
of the effort [79]. It is said that estimates produced using M54: story points are often biased due to 
various factors such as Priority Factor (PF), Size Factor (SF) and Complexity Factor (CF); to provide 
more accurate estimates M354: Adjusted story points considers all the three factors [115]. To address 
diverse challenges confronted by the agilest, M273: Effort Estimation is developed to accommodate 
most of the characteristics of Agile methodology, especially Adaption and Iteration [76]. M235: 
Sprint points calculates the effort considering project and people related factors [59]. M217: number 
of characters, M218: presence of keywords and M219: priority provides an understanding to develop 
an agile effort prediction model based on user stories [52]. On the other hand, M54 is calculated using 
a well-known effort estimation technique based on expert judgement called as the planning poker. 
However, the results suggest that planning poker is more precise when the team has past experiences 
with similar tasks and vice versa [15]. From this, we state that there is no universally applicable effort 
estimation technique suitable for agile projects.  
 Measuring the capability of the organization is vital to know how much work can be performed in 
an iteration and this enables managers to do accurate planning [10]. In region H, M20-M33 were 
stated to measure the capability of a team and individual respectively, but have no definitions and 
interpretations i.e. they belong to group IV. These measures have no clear justification and 
implementation details for their usage. Thus, there is no such metric in region H that can be used to 
gauge the capability of the organization.   
 The execution of a right delivery strategy in terms of time and cost is one of the success factors in 
agile software development [164]. There are only two measures M355: Adjusted Velocity and M275: 
Time estimation in group I that predicts the release completion (region I). However, these measures 
are calculated using estimation models which are dependent on estimation models (M355, M272). 
Also, M10: velocity when used for predicting release completion can be inaccurate when there are any 
changes in the team composition. For instance, adding high skilled people to a team can influence 
velocity and may decrease it [56]. It appears that there is no universally applicable measure to 
estimate the duration of the Agile projects. 
 The widely-used measures M54: story points and M10: velocity can be used for project planning 
and estimation provided the team has previous experience in similar tasks and its composition is 
consistent. M220 the widely used traditional metric for estimating effort and sizing projects have been 
proved to be inaccurate in agile projects. 
 
Results of Category 4: Project Progress and Tracking 
Table D.4 in Appendix D gives the definition and interpretation of the metrics in category 4 along 
with the DA rating and goal agreement rating.  
 The analysis of metrics to its DA, goal agreement rating and number of occurrences is plotted in 
the bar graph as shown in fig 13. The graph is divided into 4 regions, wherein L indicates the region of 
metrics that aim to achieve time related goals ; M indicates the region of metrics that track the project 
scope; N indicates the region of metrics that indicates the release readiness of the product, O indicates 
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metrics that track the business value delivered, P is the region of metrics that are used as tracking tools 
to track the project status and Q is the region of metrics that were stated to track the project progress.                                                                           
 

 
                                               Fig 13: Distribution of metrics into groups for category 4. 
 
 The division of the metrics to their respective groups (I, II, III, IV) shown in columns and regions 
(L, M, N, O, P, Q) indicated in rows is shown in Table 20.  
 
                                Table 20: Division of metrics into groups and regions for Category 4. 
Group 
ID 

Region L Region M Region N Region O Region P Region Q 

I M337, M10, 
M54, M239, 
M240, M324, 
M212, M325 

M10, M45, 
M55, M81, 
M120, M127, 
M238, M340, 
M344 

M51, M65, 
M77, M80, 
M143 

M232 M47, M67, 
M106, M177, 
M301, M1, 
M211, M212 

M296-
M299, 
M319, 
M320-
M321, M68 

II M268, M211, 
M212, M289, 
M338, M249, 
M270, M267-
M269, M270, 
M277-M279, 
M313. 

M277, M279-
M280, M281-
M284, M125, 
M59 

 M286-
M287, M277 

  

III  M221  M113 M310  
IV M285, M69, 

M112, M115, 
M147, M163, 
M350 

 M112, M351 M9, M116, 
M114, 
M288, 
M289, M290 

 M165 

 
 
Analysis of Category 4 
 From fig 13, the second most notable number of metrics in group I were found in Category 4. 
Providing effective governance mechanisms that empowers to track projects effectively is thus a key 
success factor for the adoption of agile methodologies and the realization of their business value [26]. 
Subsequently, we state that metrics in group I can be the drivers for the key success of agile 
methodologies. 
 M54: story points is an in-demand metric in region L. Additionally as it belongs to group I, this 
metric is preferable to other metrics in region L.  
 In region M, due to the inaccurate estimations of story points to track the project scope (region M), 
the metrics M45 and M80 track the project scope in terms of number of test steps passed. Since, the 
test size is highly correlated with the project size it was used as a better approximation of product size 
[26,25,80]. 
 From fig 13, M232: Earned Business Value (EBV) is the only metric in group I that aims to track 
the business value and is an in-demand metric for region O. Metrics should help confirm businesses 

M N O P Q L 

L - Achieve time and related goals          
M - Track Project Scope              
N - Release Readiness of product    
 

O - Track Business Value 
 P-Tracking tools  
Q - Track project progress  
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that make wise software investments and teams that deliver business value quickly. Business Value 
Delivered is what teams should be monitoring and what the organization should be tracking as a key 
metric [6]. By using the M232 one can know how much value the product is currently providing or 
what percentage of the product is “done” in terms of financial value [111]. The aggregated earned 
value is the sum of the value earned for each work unit planned for the release [111].  
 Most of the metrics in region O belong to group I. Out of these, M47: Burndown charts, M212: 
Schedule Performance Index and M211 Cost Performance Index are in-demand and can be preferred 
over the other metrics in region O. Further, to get an overview of the project status M1 is a better 
replacement for M47 [56]. Moreover, M301: Line of Balance has been proved to be advantageous 
over M1 and M47 as it demonstrates not only what has been accomplished, but also what should be 
achieved in a single chart [83] Added to this, M47 also measures the speed of the delivery and not the 
project cost’s or its business value [111]. For this reason, earned value management (EVM) metrics – 
M211 and M212 can be used to gain full insights on project performance in terms of time and cost 
[104]. It was proved that EVM metrics has passed the agility test i.e. it does not affect the agility of 
the process and hence can be used in agile projects as well [111]. M47 and M212 provide the same 
information, while M211 gives a supplementary information on the cost efficiency of the project and 
is beneficial to stakeholders for calculating Return of Investment (ROI) [104, 72]. It has been 
suggested to use EVM metrics along with burndown chart and velocity as supporting data to get an 
overview on the project performance in terms of time and cost [72]. From the above arguments, each 
of the above-mentioned metric shows different aspects of the project status and hence these metrics 
are to be applied based on the perception of application. 
 
Results of Category 5: Measuring the teams 
Table D.5 in Appendix D gives the definition and interpretation of the metrics in category 5 along 
with the DA rating and goal agreement rating.  
 
                          Table 21: Division of metrics into groups and regions for Category 5. 

Group ID Region R Region S Region T Region U 
I M117, M56, M265, 

M127, M78, M77, 
M57, M43, M8, M57 

M255-
M259 and 
M294 

M10  

II    M261 
III M348 M107   
IV   M360-M361 M260 

 
 
       The analysis of metrics to its DA, goal agreement rating and number of occurrences is plotted in 
the bar graph as shown in fig 14. The graph is divided into 4 regions, wherein R indicate the region of 
metrics that drive team’s behavior; S indicates the region of metrics that measure the team 
satisfaction; T indicates the region of metrics that measures team productivity and U indicates the 
region of metrics that measures the teams.  
 The division of the metrics to their respective groups (I, II, III, IV) shown in columns and regions 
(R, S, T, U) indicated in rows is shown in Table 21. 
 
Analysis of Category 5 
 In region R, metrics of group I are justified to drive team’s behavior by motivating and challenging 
the teams. The concept of measurement drives behaviors [1] and an inappropriate or outmoded 
measurement will cause dysfunctional effects such as distorting team behavior in counter-productive 
ways [38]. Hence, care must be taken to avoid the metrics in region R of group I to be unconsciously 
gamed. For instance, fixing a failed integration is the highest priority in agile and the preferable metric 
M56: Fix time of failed builds shows dysfunctional effect if it is used as a Key Performance Indicator 
(KPI); the developers may deliberately cause a Broken build. If the development teams know that 
their work is being measured, they will utilize the accompanying approach: “Tell me how you 
measure me, and I will tell you how I will behave” [36]. Therefore, it seems that, agile methods do not 
provide any assurance against the dysfunctional use of metrics [1]. While on other hand, good metrics 
such as M57: sprint readiness (group I) can drive team behaviors and enables them to work as twice as 
they were before [17]. 
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                                Fig 14: Distribution of metrics into regions for category 5. 
      
 Work or Job Satisfaction has a close link to the organizational capability to deliver new 
functionality and value for customers [110]. All the metrics in region S are rationalized to measure the 
team’s satisfaction. Out of which, M255-M259 are in demand and are preferred to the other metrics in 
region S. Hence these metrics can deliver good value to the customers.  
      From fig 14, it is evident that there are no metrics whose definition or interpretation are stated to 
measure the team’s productivity (region T). A negative impact of the inappropriate measurement of 
M10: velocity as a productivity measure is the deterioration of the quality of the developed software 
[36]. From this, we express that there are no metrics to measure the team’s productivity and it was 
found that the present productivity measures are not enough to fulfil the pre-requisites for defining 
productivity in agile software development [116].  
 
Results of Category 6: Other 
Table D.6 in Appendix D gives the definition and interpretation of the metrics in category 6 along 
with the DA rating and goal agreement rating.  
 The analysis of metrics to its DA, goal agreement rating and number of occurrences is plotted in 
the bar graph as shown in fig 15. The division of the metrics to their respective groups is given below: 
Group – I: M346, M265, M108 and M363 belong to this group.  
Group – II: There are no metrics that come under this group. 
Group – III: M109 belongs to this group 
Group – IV: M262, M163, M52, M11-M16 come under this group. 
 

 
                           Fig 15: Distribution of metrics for category 6 
      Metrics in group I aim to measure the customer satisfaction (M346), business impact (M363) and 
to check if the business goals (M108) can be achieved.  
 
 

R 
R 
 

S 
 

T U 

R – Drive Team’s Behaviour 
S – Team Satisfaction 
T – Team Productivity 
U -  Measure the teams 
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Analysis of Category 6 
We found the metrics in group I aim to achieve customer satisfaction i.e. have clear definitions and 
are in goal agreement; given that measuring the customer satisfaction correlates with the project 
success [8]. Most of the metrics in this category belong to group IV. Henceforth, these metrics must 
be defined and their effects of behavior must be analyzed to be used for the stated purpose. 
 
4.1.1.1 Summary of the overall Analysis for RQ1.1 
 
Without proper measurements, the upside of using agile development methods against traditional 
methods remains an unproven claim [107]. Having said that, the utilization of metrics must be clearly 
justified in agile methods to lessen the amount of wasteful work [30].  
 A total of 358 metrics was identified, out of which 167 metrics are defined and connected to their 
goals i.e. belong to group I as shown in table C.1 in Appendix C. Overall, the metrics in Group II must 
be clearly justified by analyzing the effects of their behaviors. To use the metrics in group III, their 
implementation details must be known to apply in the stated context. For the metrics in group IV to 
work, the people responsible for the measurement need to comprehend what it means and how it 
works [157]. Table C.1 in Appendix C presents the metrics that belong to group I for the 6 categories 
and their respective goals. The preferable metrics are the ones that are used frequently for the same 
goal and, in addition belong to group I are highlighted in red in table C.1 in Appendix C. 
 While few express that lean and agile follow the same principles, and can be used as synonyms [1, 
2], the major difference between lean and agile process is Lean’s “see as a whole” (end-end 
perspective) principle [3]. Along these lines, all the metrics specifically defined for lean fall under 
category 1. These metrics cannot be used in projects that apply only agile principles as “the pursuit of 
agility might presume leanness, pursuit of leanness might not presume agility” [5].  Albeit, they can 
be used when a mixed process (Lean and Agile) is applied to the projects. 
  It seems that there is no universal measure for calculating the effort and duration for agile projects. 
Henceforth, we state that there is a need for accurate estimations to understand the project scope and 
to calculate the duration of agile project. 
      Our results contradict the statement ‘Traditional metrics are not accurate or suitable in agile 
software development’ [38, 96, 2, 66]. We found that traditional metrics can be used in an agile 
context provided they do not harm the agility of the development process [19]. We hypothesize that 
any metric that satisfies the checklist of a good agile metric [6], can be fruitful when used in an agile 
context.  
 
4.1.2 RQ1.2) Which of the reported metrics have been validated, and to what extent is evidence 

of usefulness reported?    
 

Results  
 
The rigor and relevance of the studies can help in deducing the trustworthiness of the metrics. The 
rigor is concerned if the studies comply to good practices when employing a research method and 
reporting the context, validity and study design in detail. On the other hand, relevance of the studies 
indicates if the results are applicable in an industrial context [138]. In this section, we highlight the 
metrics that are relevant to be applied in an industrial context. 
To systematize the analysis, we used the following classification 

1. Studies with score of 0 to 1.5 have low rigor, while the studies with score of 2.0 and above 
have a high rigor.  

2. Studies with score of 0 to 2.0 have low relevance, while the studies with score 3 or above have 
a high relevance. 

 The range for the rigor is [0,3] and the range for relevance is [0,4]. This gives a grid of 
combinations and is visualized in fig 16 where, Class A: High Rigor and High Relevance shown in 
red; Class B: High Rigor and Low Relevance shown in blue; Class C: Low Rigor and High Relevance 
shown in pink; Class D: Low Rigor and Low Relevance shown in yellow. The boundary values for the 
classification of classes into A, B, C, D is calculated by taking the median values for the ranges of 
rigor and relevance. 
 
Class A 
In class A, we’ve identified 29 studies in which 24 are case studies, 2 are action research and 3 are 
survey. Table C.2 in Appendix C presents an aggregate of 113 metrics which are validated for their 
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usage belonging to the respective categories. Ideally speaking, it is desirable to use the evidence in the 
studies reported on metrics in lean and agile software development that score high on both rigor and 
relevance.  
 Out of 113 useful metrics, 2 metrics have been validated for more than one purpose.  M277 is used 
to achieve time related goals, track project scope and to evaluate product quality. M238 is used to 
track the project scope and evaluate product quality. Also, there are metrics M10, M54, M46, M220 
that are validated more than once for the same purpose. M10: velocity was verified to track the project 
scope, M54: story points were used to understand the project scope and M46: pulse was used to 
monitor QA activities.  Moreover, M220 has been proved to be inaccurate as a measure to understand 
the project scope. 
Class B  
Only 6 studies are reported to be as B-studies. Of which, 3 of them are case study, 3 were non-
empirical studies. 
Class C 
15 studies were found as C studies. Of which, 11 were reported as case studies and 4 of them were 
reported as lessons learned. 
Class D 
Of the identified primary studies, 38 studies belong to Class C among which, 8 were reported as case 
studies and 2 were reported as Lessons Learnt. The remaining are non-empirical studies. 
 
The quality of the primary studies is evaluated using the rigor score (the criteria were discussed in 
Section 3). 76% of the primary studies do not report the study design in sufficient detail. Only 14 
studies explain the study design in detail. Among the 4 validity threats [128], 53% of the primary 
studies in empirical research have a clear discussion on at least 2 or 3 threats to validity. This indicates 
that the quality of the reported studies in agile and lean software development is decent. 

 
                                                                  Fig 16: Rigor and Relevance grid. 
 
 
4.1.2.1 Analysis of RQ 1.2 

 
We initially consider the studies that scored high on at least one dimension i.e. Class B and Class C 
studies. 
 Despite having high rigor yet low relevance scores the B-studies did not perform an evaluation of 
the metrics in a real-world setting. These metrics may not be useful in an industrial context and hence 
requires further validation for its usage. There are three studies [73, 69, 71] which have performed the 
evaluation of metrics on open source projects, one study [22] where only the initial evaluation is done 
and the other two non-empirical studies [30, 115] where the metrics need to be evaluated. Hence these 
metrics may not be applicable in an industrial setting. 
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 Despite having with low rigor and yet high relevance scores the class C-studies 
[11,13,14,17,19,20,25,26,29] have no discussions on how the threats to validity are mitigated for the 
studies. This is important as it is difficult to generalize and rely on the metric results. Additionally, 
studies [31] have not presented any details on how the metrics are evaluated in an industrial context. 
This influences the amount of trust placed in the metrics usage in an industry. In study [75], due to the 
absence of context of application, it is difficult to know in which context the metric can be valid. As 
usefulness is limited without a description of how the results are obtained and an absence of 
discussions on the generalizability of the metric, metrics in the studies [23, 40, 48, 102] may not be 
apt for their application in real world.  
 This gives an unmistakable picture of the nature of detailing in primary studies and makes it hard 
to investigate the credibility and the quality of evidence in these studies. Due to all the above reasons, 
the class B, C studies are excluded as being useful. 
 As both aspects rigor and relevance are important to evaluate the quality of the studies, we’ve 
considered studies with both high scores of rigor and relevance. This is because the metrics reported 
in these studies are supported with high strength of evidence and hence are advantageous for their 
industrial usage. 
 In the light of the above arguments, 113 metrics of class A as shown in table C.2 in Appendix C 
are considered suitable for their industrial usage i.e. 31% of evidence of the identified 358 metrics 
usage is reported. Of the 113 metrics, 2 metrics have been validated more than once for the same 
purpose which implies the strength of the evidence of trustworthiness in using the metrics for the same 
purpose is high. Therefore, these metrics can be considered as popular metrics for their intended 
purpose and are highlighted in red in table C.2 in Appendix C. Similarly, there are 4 metrics that have 
been validated for different purposes which implies these metrics can be adjustable in different 
contexts and are highlighted in green in table C.2 in Appendix C. Moreover, of the 113 metrics there 
were no validated metrics identified for the goals predicting release completion, prioritizing work-
items in category 3, team satisfaction and productivity in category 5. This gives scope for the need to 
justify metrics for the above goals in an industrial context.  
 
4.1.3 Overall Analysis of RQ1 
 
 The state-of-the-art on the metrics usage in LeAgile methods can be broadly divided into 6 
categories, namely Efficient flow of Software Development process, Assess, track and improve the 
product quality, Project planning and estimation, Project Progress and tracking, Measuring the teams 
and others. The metrics used in each of the above categories as described in the literature is presented 
in section 4.1. While it is not only important to know, which metrics are appropriate for lean and 
Agile software development, yet in addition to quantify it, the metric must be defined and an 
understanding of the metrics behaviour is imperative. The identified 358 metrics in the State-of-the-art 
were rated based on their Definition Accuracy (DA) and Goal Agreement that gives the strength of 
how well defined are the metrics and their agreement with their goals. Based on this criterion, the 
metrics in each of their identified categories were categorized into 4 groups (Group I-IV). The group I 
metrics have definitions and are connected to their goals, and constitutes 167 metrics found for all the 
categories. The analysis constrained to the categories is discussed in section 4.1.1 thereby addressing 
RQ1.1. Also, based on the number of occurrences we’ve identified the metrics that are in-demand, as 
they are used frequently for the same goal/purpose. These metrics if belonging to group I can be 
preferred to be chosen among the other metrics in their respective categories as highlighted in red (see 
table C.1 in Appendix C).  Further, the identified metrics that are validated for their industrial usage is 
presented in section 4.1.2 addressing RQ1.2. The results from RQ1.2 gives the validated metrics and 
the popular ones in view of the number of occurrences (highlighted in red) as shown in table C.2 in 
Appendix C. Combining the results obtained from RQ1.1 and RQ1.2 gives the metrics that are 
suitable (belong to group-I) and that have high strength of evidence to be advantageous when applied 
in the industries as illustrated in table 22. These metrics can have compelling use and are worthy to be 
used in an industrial setting. From table 22, M54: story points and M10: velocity though belong to 
group-I and have high strength of evidence to be advantageous for understanding and tracking project 
scope, for the metrics to work, M54 can only be used if the team has previous experiences in similar 
based tasks and M10 can be used if the team composition is consistent. Likewise, M220: Function 
Points has been proved to be inaccurate for understanding the project scope. 
 It is worth-mentioning that there are no validated group I metrics for the goals ‘Prioritization of 
work-items’ in category 3; ‘Achieve time and cost related goals’ and ‘Track business value’ in 
category 4; ‘Measuring productivity and team satisfaction’ in category 5 and ‘Customer satisfaction’ 
in category 6. Achieving these goals in agile methods is important in particular, measuring business 
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value delivered, customer satisfaction and having a good delivery plan contribute to the success of 
agile projects [8]. 
 To apply the validated metrics that belong to other groups in an industrial setting requires the 
metrics to be either clearly defined or its interpretation must be connected to its goal. For instance, the 
validated metrics in group II need to be evaluated to fill the gap for its effect of using the stated metric 
i.e. the metrics must justify their goal agreement. The validated metrics in group III have clear 
purpose but are difficult to apply due to the lack of knowledge on its implementation in an industrial 
context. Similarly, validated metrics in group IV must be clearly justified and defined to apply them in 
practice.  
 
                      Table 22: Validated Group-I metrics for the goals in all categories 

Category No. Metric ID Metric Name Goal 
Category 1 M1 Cumulative flow diagram Visualize the work-

flow 
 M335 In Project Visualization  
 M336 Post Project Visualization  
 M69 Lead time Improve the work-

flow 
 M70 Queue time  
 M71 Processing time  
 M169 Flow efficiency Enable Continuous 

Process 
Improvements 

 M173 Oldest Feature Done  
 M2 # of function test cases 

developed per week; # of 
function test cases planned 
for the whole feature (but 
not yet developed) 

 

 M3 # of features integrated per 
week; # of features planned 
for integration up to date in 
the integration plan (but not 
yet integrated) 

 

 M4 # of defect reports entering 
the state “Closed” per week; 
# of defect reports that are 
not in state “Closed” 

 

 M5 no indicator was created for 
this phase; # of test cases 
planned for execution up to 
a given week (but not 
executed yet) 

 

 M6 # of test cases executed per 
week; # of test cases planned 
for execution up to a given 
week (but not executed yet) 

 

 M7 percentage of automation 
test coverage 

 

Category 2 M44 Technical dept. Board Improve Product 
Quality 

 M35 Total Reported Bugs  
 M78 Defect backlog indicator  
 M137 Test cases  
 M143 Release Readiness indicator  
 M38 Fixed/solved Bugs  
 M39 Bugs coming from previous 

release 
 

 M40 Hours spent on bug  
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 M46 Pulse Monitor QA activities 
 M136 Availability of continuous 

integration 
 

 M167 build success rate  
 M168 Duration of build and test 

steps 
 

 M132 CK metric suite  
 M333 Mc cabe complexity  
 M334 Number of revision of files  
 M305 Integration Factor  
 M132 CK metric suite Evaluate Product 

Quality 
 M302 Weighted Methods per Class 

(WMC) 
 

 M303 Class Size  
 M238 System Design Instability 

(SDI) 
 

 M48 Faults per iteration  
 M143 Release Readiness indicator  
 M144 Heatmap of revisions per 

model per week; Number of 
REQPRODs; Modelling 
(Number of new checked 
files); Test progress; check-
in trend; Number of check-
ins last week; check in pace 

 

 M145 tree map/heat map; hotspots 
by critical violations; most 
violated rules by severity; 
code complexity 

 

Category 3 M217 number of characters Understand the 
Project Scope 

 M218 Presence of keywords  
 M219 Priority  
 M220 Function Points  
 M54 Story Points Forecast the project 

completion 
Category 4 M10 Velocity Track the project 

scope 
 M65   
 M143 Release Readiness Release Readiness 
 M47 BurnDown Tacking tools 
 M67 Common tempo time vs 

actual time 
 

Category 5 M8 Story rate per iteration Drive team 
behaviours 

 
 
 
4.2 RQ2) What is the current state-of-the-practice on the use of metrics in LeAgile development 

of software intensive products and services?  
 
Results 
 
In this section, we report the first impressions and experiences of using metrics in an LeAgile 
Software Development organization in practice.  
 Telenor’s Scaled Agile way of work aims to turn a business idea into a tested and releasable 
software. A brief overview of the process is given below - The planning team breaks down the 
business requirements into parent epics and prioritizes them along with the product Owners (PO’s). 
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The IT planning Backlog consists of prioritized Business requirements (epics) to be broken down into 
system requirements (child epics). The Cross Functional Agile teams, involve several DevOps who 
groom their backlog with detailed system requirements broken into user stories/tasks committed for 
that iteration/sprint. Each DevOps team is responsible for implementing and testing the user-stories or 
tasks. To achieve an end-end perspective, Scrum of Scrums-a bottom up technique is used to scale the 
Agile teams for collaborating and coordinating their work when multiple teams are involved in the 
delivery of an epic. The working software is shown for demo and the product is deployed to deliver 
value to the end-user.  
 A total of 12 metrics is presently being used at Telenor. The current measurement practices are 
mapped to their purposes i.e. the IT management goals into TG1 – TG5. Each of this classification is 
explained in the following sub-sections. Table 23 gives the overview of the Telenor goals, their sub-
goals, the metrics used to address the goal (represented as TM1, TM2…so on.), the questions 
formulated based on the metric purpose and the role of the stakeholder for whom the metrics serve as 
a foundation for decision making. 
 It is important to highlight here that the use of metrics is not consistent among teams.  Based on 
the team needs, the metrics are used and the teams review the metric results at the end of each 
sprint/iteration.  
 
TG1: Project Planning 
At Telenor, planning is done at a release and iteration level. A secure organizational capability 
planning and budget follow up enables the portfolio management to do accurate planning. 
 
At a release level, the portfolio planning team ranks the epics using the TM1: business value and the 
TM2: Number of hours (salary) spent on IT divisions. At an iteration level, the agile teams estimate 
the effort of each committed user story or tasks in their backlogs using TM3: story points. The effort 
of the software to be developed in an iteration/sprint is estimated using planning poker. TM4: velocity 
is used to forecast the capacity that can be delivered in the upcoming sprints. It tells what could be 
achieved in an iteration or a sprint.  
 
TG2: Project Progress and Tracking 
The teams report the project status using tracking tools at an iteration level. Most of the Agile Teams 
used the TM5: Manual Scrum Task Board to visualize their project status. TM6: burndown charts 
were used by few of the teams to keep track of the remaining work and to know if the project is on 
schedule.  
 
TG3: Assess and Improve Product Quality 
The main aim of the teams is to deliver the product on time and with better quality. On a source code 
level, maintainability of the product was calculated using TM7: Technical debt. The amount of TM7: 
Technical debt encouraged the teams to improve the quality of the code for a better software. 
Moreover, to achieve zero defects at the end of the sprint the teams used TM9: Number of open 
defects to produce a good quality software. In addition, TM9 avoids finding defects late in the 
software development process. 
 
TM10: Number of incidents caused by the change is used as a Key Performance Indicator (KPI) for 
operational excellence. This metric tells if the product is of sufficient quality for the release. The 
organization objective is to keep TM10 to zero. TM11: Number of disturbance/month is used as a 
diagnostic to improve the product quality. 
 
TG4: Team Health checks 
The team health checks were deemed necessary to promote continuous learning in the agile teams. 
TM12: Health check survey measures the team’s true potential and was mainly used for the following 
reasons –  

1. To identify the areas the teams are proud of and to celebrate them. 
2. To provide a target and visibility of the need for improvements in the teams. 

TG5:  Customer Satisfaction 
Customer Satisfaction is a measure for success at Telenor. One of the primary goals of the 
organization is to become their customers favorite digital partner. TM13: Net promoter Score was 
used to indicate the real customer value. This metric is measured twice a year in the form of a survey 
from the customers at Telenor stores and online on the websites.  
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                                        Table 23: Mapping of metrics to Telenor’s IT management goals 
Goal Sub-Goal Question Metric Stakeholder 

TG1: Project 
Planning 

Prioritization of 
epics 

How are the 
business 

requirements 
prioritized? 

TM1: business 
value 

 

IT planning 
team 

TM2: Number of 
hours (salary) spent 

on IT divisions 
 Estimate the size 

of the user 
stories/tasks 

How are the user 
stories sized? 

TM3: story points Agile Team 
leads/Scrum 

Masters 
 Forecast the 

delivery capacity 
What is the amount 
of work that can be 

achieved? 

TM4: velocity DevOps 
Managers, 

Agile Team 
leads/Scrum 

Masters 
TG2: Project 
Progress and 

Tracking 

Tracking tools Is the project on 
track? 

TM5: Manual 
Scrum Task Board 

DevOps 
managers, 

Agile Team 
leads/Scrum 

Masters 
 Tracking tools What is the amount 

of work 
remaining? 

TM6: Burndown 
charts 

DevOps 
managers, 

Agile Team 
leads/Scrum 

Masters 
Are we on 
schedule? 

TG3: Assess and 
Improve Product 

Quality 

Evaluate the 
product quality 

How maintainable 
is the product? 

TM7: Technical 
debt 

DevOps 
managers, 

Agile Team 
leads/Scrum 

Masters 
 Improve the 

product quality 
What is the 

number of defects 
at the end of each 
sprint/iteration? 

TM8: Number of 
open defects 

DevOps 
managers, 

Agile Team 
leads/Scrum 

Masters 
 Improve the 

product quality 
Is the product still 
at the desired level 

of quality? 

TM9: Number of 
incidents caused by 

the change 

DevOps 
managers, 

Agile Team 
leads/Scrum 

Masters 
TM10: Number of 
disturbance/month 

TG4: Team 
Health checks 

Promote 
continuous 

learning and 
visibility on team’s 

improvements. 

What is the team’s 
true potential? 

TM11: Health 
check survey 

Agile coaches, 
DevOps 

Managers, 
Development 
support team 

TG5: Customer 
Satisfaction 

 What is the value 
perceived by the 

customer? 

TM12: Net 
promoter score 

Telenor - All 
Divisions 
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4.2.1 RQ2.1) Which of the reported metrics are defined and connected to the goals that 
indicate the aim of the metric? 

 
 
Results 
 
We present below the experiences of using metrics to address IT management goals of Telenor. The 
teams use Agile tool-set to maintain their product backlogs and for the calculation of the metrics TM3, 
TM4, TM5, TM6, TM7 and TM8. The definitions of the metrics and the experiences of using the 
metrics along with lessons learned are presented below. 
 
TM1: Business Value – The planning team breaks the business requirements into epics and the 
business value for each epic is estimated based on experience and this mostly relies on expert based 
judgement. By using TM1 and TM2 the epics are ranked in descending order in the IT planning 
backlog. 
 
TM2: Number of hours (salary) spent on IT divisions – To assess the capability of the 
organization, the planning team calculates the number of hours (salary) spent on IT divisions. The 
purpose of this metric is to set predictability in terms of finance or work forecasting. However, upon 
reflection this metric was not able to address their goal on answering the question “What can we do in 
the coming months?”. This was due to the variations in the hours spent by each individual in the team.  
 
TM3: Story Points – The sizing of user-stories is done using a well-known effort estimation 
technique ‘planning poker’. Based on the knowledge in similar based tasks, the teams estimate the 
effort of each task on a Fibonacci-scale format: 0, 0.5, 1, 2, 3, 5, 8, 13, 20, 40, 100. 
 
TM4: Velocity – This is measured as the sum of the story points delivered in each sprint/iteration. 
This metric allowed the teams to forecast what could be achieved in each sprint and formed the basis 
for planning in the upcoming sprints.  
 
“As the complexity of the user-story does not change, this metric gave insights on the delivery 
capacity for the coming iterations” – Scrum Masters.   
 
TM5: Manual Scrum Task Board – This board provided visibility of the work flow to the teams. 
The product backlog items are pictorially represented as a task card and each task card starts from the 
to-do column on the task board. It consists of five columns - To-do (not stated), In-progress (started), 
Blocked (ready for deploy), Test (ready for test) and Done as shown in fig 17. Along with it the team 
member responsible for doing the task is pinned to the task card. This gave a holistic view to the 
teams to track their project progress and to know the status of each task. Also, during the daily stand 
ups the impediments in the flow of work could be identified. At an earlier phase of the agile 
transformation, the teams felt that the use of a manual scrum task board was effective to track the 
project status in terms of tasks completion (work-done). Fig 17 gives the manual scrum board used at 
Telenor.  
 
TM6: Burndown chart – This chart provided visibility on the amount of work remaining. The 
horizontal axis in the burndown chart gives the time and the vertical axis shows the tasks committed 
in a sprint as shown in fig 18. This metric allowed the teams to estimate the amount of work to be 
done (in terms of story points) in a sprint and the likelihood of achieving the sprint goal. Fig 18 
presents the burndown chart generated using their Agile tool-set used by the teams. 
 
“Burn down was an effective tool in tracking the progress. Yet we need tools that show what items are 
remaining and its complexity to aid in decision making. For instance, the burndown chart indicates 
only things are remaining.” – Scrum Master 
 
While measurements were considered important to ease the decision making by most teams, few 
teams don’t use measurements as they improve for every retrospective. 
 
“The team improves for every retrospective and keeps track of their action points. And most of the 
estimates are done based on intuition and gut feeling.”  - Scrum Master 
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                              Fig 17: Manual Scrum Boards used by Agile teams to track project progress. 
 
 
TM7: Technical debt – This metric is calculated at a source code level using Agile tool-set. 
Providing the status of the debt motivates the teams to refactor the code to reduce or remove the 
technical debt. This improved the quality of the product for each iteration/release. 
 
                    “The debt gave us insights on the health of the product. The messier the code, the harder 
it is to maintain” – Software Developer 
 
TM8: Number of incidents caused by change – TM8 is a lagging indicator to know if the product is 
of desired level of quality. When a change request (change can be a new functionality or a 
configuration) is made, a deployment ticket is generated at a system level using Agile tool-set. This 
ticket includes change assignment (CA) number, customer request, start date, end date, start time, end 
time and similar past information. The request is processed by the teams and the incidents generated 
are tracked using the Agile tool-set which prioritizes issues for every request made. This value gave 
insights on the operational excellence. 
 
TM9:  Disturbance Time (h)/ month (Diagnostic) – TM9 is the time taken to rectify the number of 
incidents that are caused by the change. This metric is used as a diagnostic to support TM8. TM8 and 
TM9 indicated if the product is of sufficient quality to be released. 
 
TM10: Number of open Defects – This metric was tracked for every sprint by manually adding the 
number of defects found in the bug reports. The defects that are remaining gave an indication on the 
quality of the product. Henceforth, it was seen that all the defects are fixed for every iteration to avoid 
problems in the integration testing phase.  
 
TM11: Health check survey – This metric is subjectively measured using a survey which consists of 
a set of questions related to the team health. The questions are rated on a scale of 5, where 1 indicates 
- Disagree, we must act now and 5 indicates -Agree, I am happy about it. The results of the survey 
triggered improvement actions and finding a way towards learning and success. This directly 
contributed to the improvement in the team’s capability. Results are distributed by the DevOps 
managers and if needed the teams add improvement actions in their backlog to ensure that this 
happens. 
 
          “Measuring the health of the teams is a way towards continuous learning in the teams” -
DevOps Manager  
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                       Fig 18: Burn Down charts used by the Agile teams to track project progress. 
 
                   
TM12: Net Pro moter  Score  (NPS) – This metric is subjectively measured using a survey which 
contains a set of 6 questions which are related to the services offered by Telenor and the quality of the 
services. This is measured on a scale of 1-10. If the metric value ranges from 9-10, then the product is 
a promoter and the customers would like to suggest others to use it. If the value ranges between 7-8 
then, the customers are just satisfied with the product but they will not promote it to others and if the 
value ranges between 0-6, then the customer is not satisfied with the product.  
 
          “Our customers are most important to us and primary measure of success” – Telenor IT 
Division 
The teams inspected the metrics results at the end of every iteration and tuned their attitudes to 
become more compelling. 
 

4.2.1.1 Analysis of RQ 2.1 
 
 Prioritizing features effectively can deliver radically more business value as agile projects focus on 
maximizing the return on investment (ROI) through quick and short deliveries [72]. At Telenor, TM1: 
Business value and TM2: Number of hours spent were used to rank the epics in the planning backlog 
team at a release level. At Sutherland, as the product backlog items at a release level requires apples to 
oranges comparisons, the items were ranked by measuring the business value using net present value 
divided by effort to be spent [14]. It seems that agile projects use value drivers and organization 
capability estimates for ranking the work-items in the product backlog at a release level. 
 It was seen that TM2 as a measure for forecasting work or finance failed to determine the 
organization capability due to the varied number of hours spent by the team members. But it is said 
that in practice, the time spent or the cost of an engineering hour must be maintained by each 
developer separately [104]. This metric also allows the actual labor cost to be compared to the plan 
considering the values of hours spent and hours maintained in the sprint backlog i.e. tracks the project 
costs and is most valuable to Agile stakeholders calculating the Return on investment (ROI) [72,104]. 
 Our results validate TM3: story points when estimated using planning poker is accurate when the 
teams have knowledge in similar based tasks [15]. TM4: velocity can be inaccurate when used to 
predict the release completion as adding high skilled people can affect the team’s velocity [56]. It was 
observed that the complexity of the user stories does not affect velocity even if the team composition 
is changed and hence helped the teams to gain insights on what can be achieved in a sprint/iteration. 
This metric can serve as a good predictability metric but can be gamed if used for other purposes [92]. 
For instance, velocity when used as a measure for productivity will deteriorate the quality of the 
product [36].  
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 To enable visibility into what is happening holistically, the teams use project tracking tools 
depending on the viewpoint to track the status of their product backlog items. For instance, TM6: 
burndown charts are used to get a view on the amount of work remaining in terms of story points; 
super-performing teams typically relinquish hours as a method for tracking progress as it introduces 
waste into the system, decreases velocity, and diminishes predictability [58] whereas TM5: manual 
scrum boards provide a view on the status of tasks [15].  
 TM10: number of open defects is a measure for improving the product quality. This metric was 
likewise validated to track the release readiness of the product for delivery and demonstrates “how 
close to potentially shippable software the team is at any given moment” [13]. In this way, we express 
that TM10 used for improving the product quality, can also be used to track the release readiness of 
the product.  
 TM7: Technical debt a product quality measure has proved to be a good indicator to drive the 
teams to reduce or remove the technical debt. It is commonly reported that the amount of debt 
influences the velocity of the teams i.e. it lowers the team’s velocity [91]. 
 A survey in the form of questionnaire such as TM11: Team health survey is a simple measure to 
find the teams true potential. Evaluating such subjective factors by sending out a checklist or 
questionnaire matches the idea of continuous feedback which is one of the key principle in agile 
software development [66]. Such metrics give insights towards a detailed root-cause analysis and 
emphatically adds to team motivation as their opinion is truly considered [66]. 
 Our outcomes also validate that measuring customer satisfaction is a key factor for success in 
Agile projects [8,165]. This can be because TM12: NPS is also a single most reliable indicator that 
enables the growth of the organization capacity [165].  
 The metric results were reviewed at the end of each iteration. Reflection of the results at each 
iteration retrospective is important to amplify learning and accelerate process improvements [6]. 
While measurements were viewed as essentials to ease the decision making by most teams, few teams 
don’t use measurements as they improve for every retrospective. Such teams use minimal metrics as 
they believe that they improve for every retrospective and keep track of their action points. 
Retrospective is an additional practice to support tracking as it encourages the teams to understand the 
project speed and enhance the process and their performance on the following iterations [86].  
 
 

4.3 RQ3) To what extent is it possible to combine the state-of-art and state-of-practice to 
develop an overall “LeAgile measurement model” that is connected to the goals? 

 
Results 
 
 This research question combines the State-of-the-art (SOTA) and the State-of-the Practice (SOTP) 
on the use of metrics in LeAgile contexts; to present an overall measurement model. An overview of 
the complete measurement model is presented in Section V.  
 Fig 19 presents the mapping of metrics from the SOTP to the goals in the SOTA. It indicates that 
the metrics found in the SOTP fall under the same goals identified in the SOTA for the respective 
categories. The rectangular ovals in yellow with C1, C2… C6 are the categories in the state-of-the-art, 
the rectangular ovals are the goals of the respective categories in the state-of-the-art, and the 
rectangular ovals in orange with TM1…TM12 are the metrics identified from the state-of-the-practice. 
The blue arrows in between give the mapping between the categories in the SOTA and the metrics 
from the SOTP.  
 Of the 12-metrics identified from the SOTP, 8 metrics i.e. 66% are present in the state-of-the-art 
and most of them are validated and belong to group I. In combination of the SOTA and SOTP, we 
present the following results –  

1. From the SOTA, M47: Burndown Chart is an in-demand and most preferable as a tracking 
tool to track the project progress. In SOTP, this metric was also used to track the amount of 
remaining work and additionally provides point-level details of tracking progress in terms of 
work done by answering “Are we on schedule? and “what is the amount of remaining 
work?”. This point-level details fills the gap in the measurement model.  

2. M106: Agile task board in the SOTA gives the view of the status of tasks as ‘not started’, ‘in 
progress’ and ‘completed’ and this metric is also used in SOTP to track the project status in 
terms of the number of completed tasks. Yet, this metric addresses the point-level detail of 
the M106 in our measurement model by answering the question “is the project on track?”. 
This point-level detail fills the gap in the measurement model. 
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3. In the SOTA, M117: Technical debt was mainly stated as a measure of product quality 
whereas, in the SOTP, M117: Technical Debt measures the product quality by evaluating the 
maintainability of the system. By this, we fill the gap of using Technical Debt as a measure 
for quality by determining its purpose of usage. Furthermore, M117 motivates the teams to 
refactor the code to reduce the technical debt and the SOTA also states that Technical Debt 
challenges the team to put effort into code refactoring. Henceforth, this metric is validated as 
a measure to drive the team’s behavior in Category 5. 

4. The metric M312: Number of incidents caused by release is used in the SOTA as a KPI for 
product quality whereas in the SOTP is used to maintain the level of quality and indicates if 
the product is of sufficient quality for the release. This is a Group IV and non-validated 
metric in the SOTA under the goal ‘evaluate the product quality’.  While this metric is 
justified as a measure to improve the level of product quality, we relocate M312 to Group I in 
agreement with the goal ‘improve the level of product quality’ in category 2. 

5. In the SOTA, M52: Net Promoter Score is a non-validated Group IV metric which measures 
the Customer Satisfaction, wherein in the SOTP, the metric fills the gap in the measurement 
model by providing the point-level detail of measuring customer satisfaction by answering 
“What is the value perceived by the customers?”. As this metric is defined and validated for 
measuring customer satisfaction, we relocate the metric to Group I in category 6. 

6. M10: Velocity is used to estimate the delivery capacity with an aim to understand the project 
scope in both SOTA and SOTP. This metric fills the gaps in the measurement model by 
providing the point-level detail: “what is the amount of work that can be achieved?” and 
subsequently validated the metric for the specified context. M54: Story points is used for 
effort estimation in both SOTA and SOTP with an aim to understand the project scope. This 
is a Group I and validated metric and fills the gaps in the measurement model by providing 
the point-level detail: “What is the effort required to develop a feature?”. 

7. M51: Number of open defects is used to improve the level of quality in both the SOTA and 
SOTP. Having said that, M51, a group I metric is validated for achieving zero defects at the 
end of release in category 2.  

Apart from the above metrics in combination of the SOTA and SOTP, we have found four new 
metrics in the SOTP which can be mapped to the categories C4: Project Planning, C2: Access, track 
and improve the product quality and C5: Measuring Teams as shown in fig 19.  

1. TM1: Business Value is mainly used for the prioritization of epics in the product backlog for 
a release. Hence, this metric is mapped to the goal ‘Prioritization of work-items’ in Category 
3. 

2. TM10: Number of Disturbance hours is used as a diagnostic for the KPI – M312: Number of 
incidents caused by change with an aim to achieve the desired level of quality. Hence, this 
metric is mapped to the goal ‘improve the product quality’ in category 2.  

3. TM11: Team Health Check Survey promotes continuous learning among the teams and 
increases visibility for improvements among the teams. Hence, this metric is mapped to the 
goal ‘progress towards continuous learning in teams’ in Category 5. 

4. TM2: Number of hours(salary) spent on IT divisions has failed as a measure to assess the 
organization’s capability due to the variations in the wages across different levels of the 
organization. Thus, we do not map this metric to the LeAgile measurement model. 

4.3.1 Analysis of RQ3 
 

1. From the combined results of the SOTA and SOTP, we deduce that Burndown chart is 
classic metric used in an Agile context as a tracking tool in Category 4. Moreover, M54: 
story points in Category 3 and M117: Technical debt in Category 2 are formerly validated in 
the SOTA are also found in the SOTP which implies that these metrics are credible for their 
usage in practice. 

2. From the results of the SOTP, we have validated four metrics (M117, M52, M106 and M312) 
in the SOTA and relocated them to Group I. This implies, these metrics justify their purpose 
and can be used in practice due to the availability of their definition and interpretation.  

3. From the SOTP, TM2 has failed as a measure to assess the capability of the organization. 
There is no such metric in the LeAgile measurement model that is suitable in an industrial 
context to measure the organization’s capability as illustrated in fig 28. This drives a need for 
assessing the suitability of these metrics to measure the organization’s capability as this form 
the basis for accurate planning [10]. 
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                            Fig 19: Mapping the state-of-the-practice to the categories in the state-of-the-art. 
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4. It has been proved from the SOTA and SOTP, that M54 can only be applied if the team has 
experience in similar tasks and that there is no such metric that is suitable in an industrial 
context to understand the project scope. Hence, we state that there is no universal measure 
for estimating effort in Agile projects.  

5. In the light of the SOTA and SOTP, there are gaps (empty boxes) in the measurement model 
that need to be filled for the application of metrics in an industrial context. These gaps can 
provide a roadmap for further research pertaining to the measurement model. 

6. The overall LeAgile measurement model now contains 362 metrics of which 58% of the 
metrics are validated which indicates the usage of metrics is ‘fair’. This implicates the need 
for further validation of the remaining 42% metrics for their industrial usage. 

7. From the combination of results in the SOTA and SOTP, Measures TM11, TM10, M132, 
M211, M212, M232, M312, and M363 are not defined for an Agile process, but have been 
proved to be useful in an agile context. Thus, we state that any metric can be used in an agile 
context provided they don’t harm the agility of the process [19]. 
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                                           LEAGILE MEASUREMENT MODEL 
 
In this chapter, we visualize the Lean and Agile Measurement model from the results gathered in 
chapter 4. 
 

5. LeAgile Measurement Model 
 This section gives the complete picture of the metrics used in LeAgile methods in the form of a 
measurement model in view of the results gained from the state-of-the-art and state-of-the-practice.  
 The LeAgile measurement model takes the form of a goal, question, metric (GQM) - one of the 
popular frameworks used for defining measurements in software engineering [148]. The GQM 
framework constitutes of a conceptual level (1st level), operational level (2nd level) and quantitative 
level (3rd level) respectively [148]. From the results of RQ1 (section 4.1) and RQ2 (section 4.2), the 1st 
level forms the sub-goal(s) of the categories, the 2nd level constitutes the question(s) that address the 
sub-goal(s) of that category and the 3rd level are the metric(s) used to answer the question(s). From fig 
21-34, the boxes shaded in pink are the sub-goal (s), in green are the question(s) and the ones that are 
blank indicate the absence of the higher-level detail (sub-goal) or the point level detail (question) for 
that respective metric. Also, the goals and questions highlighted in red are explicitly stated in the 
primary studies. The results of RQ1.1 gives the metrics categorized into 4 groups (group I-IV) based 
on the DA and goal agreement (section 4.1.1). In the 3rd level, the boxes highlighted in blue gives the 
metrics that belong to group-I; the boxes highlighted in green gives the metrics that belong to group-
II; the boxes highlighted in yellow gives the metrics that belong to group-III; the boxes highlighted in 
grey gives the metrics that belong to group-IV. The results of RQ1.2 gives the metrics that have high 
strength of evidence to be used in an industrial setting (section 4.1.2). Further, in level 3 the boxes 
highlighted in red gives the validated metrics that belong to group-I. These metrics have compelling 
use and are worthy to be used in the industries.  
 In darker shade of green gives the validated metrics that belong to group-II. These metrics need to 
be evaluated to fill the gap for its effect of using the stated metric i.e. the metrics must justify their 
goal agreement. In darker shade of yellow gives the validated metrics that belong to group-III. These 
metrics have clear purpose but are difficult to apply due to the lack of knowledge on its 
implementation in an industrial context. In darker shade of grey gives the validated metrics that 
belong to group-IV. These metrics must be clearly justified and defined to apply them in practice.  
Additionally, the results of RQ2.1 gives the metrics that belong to group-I and that are validated for 
their industrial usage. Thus, these metrics are also represented in red in fig 21-34. The four-new 
metrics found in the state-of-the-practice are denoted with their metric ID’s TM1, TM2, TM10 and 
TM11. Fig 20 gives the legend for the measurement model whereas fig 21-34 presents the GQM 
paradigm for the goals in their respective categories.  
 
 

 
                                                      Fig 20: Legend for the Measurement Model. 
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  Fig 21: GQM paradigm for the goals in category 1 
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                Fig 22: GQM paradigm for the goal ‘Improve the Product Quality’ in Category 2. 
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Fig 23: GQM paradigm for the goal ‘Monitor continuous QA activities’ in Category 2. 
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 Fig 24: GQM paradigm for the goal ‘Evaluate Product Quality’ in Category 2. 
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   Fig 25: GQM paradigm for the goal ‘Evaluate Product Quality’ in Category 2. 

Fig 26: GQM paradigm for the goal ‘Forecast Release Completion’ in Category 3. 
 

Fig 27: GQM paradigm for the goal ‘Prioritize Work-items’ in Category 3. 
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 Fig 28: GQM paradigm for the goal ‘Understand the Project Scope’ in Category 3. 
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Fig 29: GQM paradigm for the goal ‘Track project time and costs’ in Category 4. 
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Fig 30: GQM paradigm for the goal ‘Track project scope’ in Category 4. 
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Fig 31: GQM paradigm for the goal ‘Track Business Value’ in Category 4. 
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Fig 32: GQM paradigm for the goal ‘Visualize the Project Progress’ in Category 4. 
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Fig 33: GQM paradigm for the goals in Category 5. 
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                 Fig 34: GQM paradigm for the goals in Category 6. 
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                                          CONCLUSION AND FUTURE WORK 
 
 
 Considering the assertion “what you can measure you can control and what you can control you 
can manage” [1], highlights the need for measurements in software engineering. Be it Agile 
methodologies or any other methods it is important to know what effect it has and how product 
development and projects are performing. Are the goals being met? Are there any wastes? Is value 
being created? All of this is dependent on the ability to measure as correct and as objective as 
possible. Quantifiable measurements have been described as a shortcoming in Agile methods, while 
others guarantee that measurements are an integral part of the agile practice [92] because “If working 
software is the primary measure of progress” as stated in the Agile Manifesto, the agile organizations 
need a technique to measure completion of its products and to control progress. It is said that agile 
when used with right measurements, prompts to a well-developed project which serves the customer 
with the best quality product [114]. This draws the need to identify metrics that are relevant to apply 
in LeAgile methodologies. Hence, this study contributes to the area of metrics used in LeAgile 
methods. 
 To address the above problem, we have done a two-step study; To explore the current state-of-the-
art on the use of metrics in LeAgile methodologies we have conducted a Systematic Literature 
Review. To enrich a better understanding on the metrics used in collaboration between the academia 
and industry a case study was done at Telenor. This study gives researchers and practitioners an 
outline of the metrics used in LeAgile contexts as introduced in section V and makes three 
contributions.  
 Firstly, this study gives insights on the reasons for using metrics in LeAgile methods. The idea for 
using measurements can be broadly divided into 6 categories namely to have an ‘Efficient flow of 
software development’; ‘Assess, track and improve product quality’; ‘Project planning and 
estimations’; ‘Project progress and tracking’; ‘Measuring the teams’ and Others. This study identifies 
suitable metrics in agile contexts i.e. group I metrics based on their definition accuracy (DA) and goal 
agreement. Further, the analysis of these metrics based on the number of occurrences showed 
preferable metrics (highlighted in red in Table C.1 in Appendix C) that can be used among the other 
metrics for their stated goals. One possibility of future research is to try to validate these group I 
metrics in the industries for their intended usage, as these metrics can be persuasive in accomplishing 
their established goals. Additionally, this study identifies metrics as shown in table 22, that can have 
compelling usage and are worthy to be used in the industries in view of the strength of evidence, DA 
and goal agreement of the metrics reported in the studies. Under this context, the results show that 
there are no metrics found for the goals ‘Prioritization of work-items’ in category 3; ‘Achieve time 
and cost related goals’ and ‘Track business value’ in category 4; ‘Measuring Productivity and ‘Team 
Satisfaction’ in category 5 and Customer Satisfaction’ in category 6. Another possibility of future 
research is to explore the metrics usage to achieve the above-mentioned goals for their respective 
categories, as these goals can drive the success of the agile projects. 
 The results show that 90% of the metrics defined for a lean method fall under category 1, as 
projects use a combination of lean and agile methods to attain the Lean’s principle of end-end flow. 
These metrics cannot be used in projects that apply only agile principles as “the pursuit of agility 
might presume leanness, pursuit of leanness might not presume agility” [5]. We’ve also found that 
traditional metrics or besides any metric can be used in an agile context, provided they do not harm 
the agility of the development process. Further, the results show that there exist problems in the 
current estimation methods as discussed in section 4.1.1. Focussing research endeavours on metrics 
that can be universally applied for estimating the effort and duration of Agile projects can be a good 
choice for future research, thereby addressing problems in the current estimation methods. 
 Secondly, our study sheds light on the current state-of-the-practice on using metrics in LeAgile 
organizations. The case-study done at Telenor provided 12 metrics and an idea on the measurement 
goals for recently transformed agile organizations. We believe that these metrics can be a kick-start to 
organisations who have recently transformed to agile methodologies. The results indicate that the 
goals of Telenor fall under the same categories identified in the state-of-the-art and that 66% of the 
metrics are already present in the state-of-the-art. Additionally, 4 new metrics were identified in the 
state-of-the-practice namely Business Value, Number of disturbance hours, Team Health check survey 
and number of hours spent on IT divisions.  
 Third, our study combines the State-of-the-art and State-of-the-Practice to gain knowledge on the 
gaps in the LeAgile measurement model and completes it by filling the point-level details in the 
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measurement model as discussed in section 4.3. Overall, the results indicate that Burndown is a classic 
metric for tracking the project progress. Likewise, story points and technical debt are credible for their 
usage to understand the project scope and to evaluate the product quality. Also, there is no such metric 
in the measurement model that justifies or validates its use to measure the capability of the 
organization; this is important as measuring capability forms the basis for accurate planning in Agile 
methods. We found that there are 42% of the metrics in the measurement model that needs to be 
validated industrially and there exists empty gaps in the measurement model that needs to be filled for 
the metrics usage. These gaps can provide a roadmap for further research pertaining to the 
measurement model. Any of the topics identified as a means of completing the LeAgile measurement 
model developed in our study can be a fruitful area for future research. 
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 M12 Business value delivered  
 M13 Running tested features  
 M14 Defect count after testing  
 M15 Number of Test cases  
 M16 Quality Metric  
[9] M17 Velocity of production of 

customer valued items 
Agile 

 M18 Work in Progress (WIP)  
[10] M19 Team Total available 

hours 
 

 M20 Team Total effective 
available hours 

 

 M21 Team effort remaining  
 M22 Team Effectiveness  
 M23 Total available capacity  
 M24 Individual available hours  
 M25 Individual effective 

available hours 
 

 M26 Individual effectiveness  
 M27 Individual effort 

Remaining 
 

 M29 Weekly working hours of 
an individual 

 

 M30 Number of completed 
Tasks 

 

 M31 Number of Remaining 
Tasks 

 

 M32 Remaining Task effort  
 M33 Hours spent on tasks  
 M34 working software delivery 

success rate 
 

 M35 Total Reported Bugs  
 M36 Number of critical Bugs  
 M37 Outstanding Bugs  
 M38 Fixed/solved Bugs  
 M39 Bugs coming from 

previous release 
 

 M40 Hours spent on bug  
 M41 Test success rate  
 M42 Test Failure rate  
 M43 Number of bugs per 

development team 
 

[11] M44 Technical debt Board agile 
[13] M49 total defects found in 

system test 
Agile - Scrum 

 M50 total defects deferred  
 M51 number of open defects on 

any given day of the 
release 

 

 M52 Net Promoter Score  
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 [12] M45 Project size -Test points; 
amount of passed and 
written tests 

Agile -XP 

 M46 Pulse  
 M47 BurnDown; amount of 

work remaining (Release 
burndown chart) 

 

 M48 Faults per iteration  
[14] M53 Profit margin  Scrum 
 M54 Story points XP 
[16] M55 number of fully developed 

web pages 
scrum 

[17] M56 Fix time of failed builds lean 
 M57 Sprint Readiness/ Story 

flow implementation 
 

[18] M58 Number of tests Agile 
 M59 Test Coverage  
 M60 Test Growth Ratio  
 M61 Broken Builds  
 M62 number of Findbugs- 

Violations with priority 1 
 

[19] M63 SPI - EBV Scrum 
 M64 CPI- EBV  
[20] M65 Common Tempo time Lean 
 M66 number of bounce backs  
 M67 Common tempo time vs 

actual time 
 

 M68 Cycle time  
[21] M69 Lead time -VSM Lean 
 M70 queue time- VSM  
 M71 Processing time- VSM  
[22] M72 Number of requirements in 

different phases 
Lean  

 M73 number of faults  
 M74 Number of test cases  
 M75 Fault slip through  
 M76 number of customization 

requests 
 

[23] M77 Cycle Time / Pseudo Cycle 
Time 

Kanban 

[24] M78 Defect backlog indicator Lean 
[25] M79 new and open defect XP 
[26] M80 number of test steps that 

passed an automated test 
run 

XP 

[27] M81 T3 percent complete Agile 
[28] M82 yeild Lean 
 M84 production output 

(tally/quota) 
 

 M85 throughput ((BF/labor 
hour)) 

 

 M86 labor cost  
 M87 Quality  
 M88 error-free shipment  
 M89 employee wage rate  
 M90 employee turnover  
 M91 employee satisfaction  
 M92 yield from raw  
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 M93 inventory turns  
 M94 sales volume  
 M95 on-time shipment  
 M96 Lead time  
 M97 profit margin  
 M98 Customer Satisfaction  
 M99 repeat business  
[29] M100 touch time Lean 
 M101 Process cycle efficiency  
[30] M102 Design debt guard Kanban 
[31] M103 Overview percentage Kanban 
 M104 Inflow and outflow  
 M105 Number and percentage of 

cases on each column in 
the board 

 

[32] M106 Agile Dashboard/ Progress 
chart/ Scrum white board 

Lean 

 M107 emotional seismograph  
 M108 Measure the Practice level 

implementation 
 

 M109 Feedback from customer, 
team and project owner 
(Customer Satisfaction and 
Team satisfaction) 

 

[33] M110 Integration feedback time lean 
 M111 Build Feedback time  
[36] M112 Optimal Lead time Lean 
 M113 EBV and ROI  
 M114 Customer Satisfaction 

Survey 
 

 M115 Business Value Delivered  
 M116 Average cost per functions  
 M117 Technical Debt  
 M118 Defect Count  
 M119 Running Automated Tests  
 M120 Story points delivered  
 M121 number of changes in user 

stories 
 

 M122 the number of items in a 
backlog (where “done 
criteria needs to be 
specified) 

 

 M123 the cycle time between a 
customer identifying the 
new story as a top priority 

 

 M124 Takt Time is related to 
work hours 

 

[38] M125 Lines of code Agile 
 M126 Cumulative number of 

defects 
 

 M127 test points  
 M128 Number of test suites  
 M129 Defect density 

(#defects/KLOC) 
 

 M130 Defect distribution per 
origin 

 

 M131 Value-to-cost ratio of 
requirements and design 
ideas 
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 M132 CK suite  
[39] M133 No of errors during a 

phase 
Scrum 

 M134 Error Ratio  
 M135 Duration of continuous 

integration 
 

 M136 Availability of continuous 
integration 

 

 M137 Test cases  
 M138 Latency of messages  
 M139 Change size  
 M140 Change item  
 M141 Low cohesion indicator  
 M142 no. of test cases per lines 

of indicator 
 

[40] M143 Release Readiness 
indicator 

Lean 

 M144 Heatmap of revisions per 
model per week; Number 
of REQPRODs; Modelling 
(Number of new checked 
files); Test progress; 
check-in trend; Number of 
check-ins last week; check 
in pace 

 

 M145 tree map/heat map; 
hotspots by critical 
violations; most violated 
rules by severity; code 
complexity 

 

[41] M146 Product Backlog Rating scrum 
[43] M147 Delivery on time agile 
 M148 Work capacity  
 M149 Percentage of adopted 

work 
 

 M150 Bug correction time from 
new-to closed state 

 

 M151 Percentage of found work  
 M152 Open defect severity index  
 M153 focus factor  
 M154 Cost of quality  
 M155 Defect severity index  
 M156 Defect slippage rate  
 M157 Accuracy of estimation  
 M158 Accuracy of forecast  
 M159 Requirements clarity index  
 M160 Defect density  
 M161 Defect removal efficiency  
 M162 Targeted value increase  
 M163 Thumbs-up rule  
 M164 Non-Complience index  
 M165 Top Hill View  
[44] M166 code quality-codebase 

metrics 
agile 

 M167 build success rate  
 M168 Duration of build and test 

steps 
 

[45] M169 Flow efficiency* Lean and Agile 
 M170 Development time or , or  
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the time it takes for the 
team to implement a new 
feature 

 M171 Deployment time, or the 
time it takes to deploy a 
new feature to production 
use when its 
implementation has been 
completed 

 

 M172 Activation time, or the 
time it takes before the 
first user activates a new 
feature 
after its deployment. 

 

 M173 Oldest done feature*  
 M174 Releases Per Month 

(RPM), or the number of 
releases during one month 

 

 M175 Features Per Month 
(FPM), or the number of 
new features that have 
flown through the pipeline 
during a month 

 

 M176 Fastest Possible Feature 
Lead Time, or the actual 
time the feature spends in 
the build and test phase on 
the pipeline 

 

[46] M177 release burn-up chart agile 
[47] M178 Sprint Open wise issues agile 
 M179 Escapes per sprint-issues 

reported by client 
 

 M180 Impediments count per 
sprint 

 

 M181 Sprint health dash board 
(GREEN/YELLOW/RED) 

 

[48] M182 Accuracy Agile 
 M183 Suitability  
 M184 Test case coverage (code)  
 M185 Test case coverage 

(requirements) 
 

 M186 Test lines ratio  
 M187 Mean time to failure  
 M188 Downtime ratio  
 M188 Application server 

capacity 
 

 M190 Database capacity  
 M191 Interfaces  
 M192 Classes  
 M193 Depth of inheritance tree 

(DIT) 
 

 M194 Number of children (NOC)  
 M195 Error message density  
 M196 Operations density  
 M197 Time behavior of system  
 M198 Story cycle time  
 M199 Builds per iteration  
 M200 Obstacles cleared per 

iteration 
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 M201 Ratio of re-opened defects  
 M202 Milestone success  
 M203 Release date based on 

velocity 
 

 M204 Defects carried over  
 M205 Tested features  
 M206 Test development status  
 M207 Defect backlog  
 M208 Defect removal time  
 M209 Defects per million 

opportunities 
(DPMO) 

 

 M210 Defects per unit (DPU)  
 M211 Cost Performance Index 

(CPI) 
 

 M212 Schedule performance 
index (SPI) 

 

 M213 Work item status  
 M214 Sprint meetings  
[49] M215 Ideal time Agile 
 M216 Load Factor  
[52] M217 number of characters Agile 
 M218 presence of keywords  
 M219 priority  
[54] M220 Function points Agile 
 M221 Velocity per day  
[55] M223 Number of Parameters Agile 
 M224 Coupling between Objects  
 M225 Cycle Count of 

Dependency Graph 
 

 M226 Number of Name-Parts of 
a method (NNP) 

 

 M227 Number of Characters 
(NC) 

 

 M228 Number of Comment 
Lines (CL) 

 

 M229 Number of Local 
Variables (NLV) 

 

 M230 Number of Referring 
Objects (NRO) 

 

 M231 Number of Created 
Objects (NCO) 

 

[56] M232 Earned Business Value Agile 
 M233 rework  
 M234 Cosmic  
[59] M235 Sprint points Agile 
 M236 Total estimated effort  
 M237 Total estimated cost  
[61] M238 System Design Instability 

(SDI) 
XP 

[62] M239 OTD Agile 
 M240 complexity factor  
 M241 Defect rates and found 

fixed ratio 
 

 M242 weighted quality 
percentage 

 

 M243 weighted quality 
percentage with 
confidence loss 

 



 

101 
 

 M244 voice of customer (VOC)  
 M245 story point variance  
 M246 Market changes  
 M247 Changes in the project 

backlog 
 

 M248 out-of-box quality (OBQ)  
[65] M249 Work Effectiveness Scrum 
 M250 Error Density  
 M251 Cost of Rework  
 M252 Fulfilment of Scope  
 M253 Number of projects where 

stated benefits were not 
achieved due to incorrect 
feasibility assumptions 

 

 M254 Percent of projects 
receiving post-
implementation review 

 

 M255 Average amount of 
overtime at 
sprint/release/project level 

 

 M256 average number of projects 
the employees work in 
parallel 

 

 M257 IT personnel turnover  
 M258 Percent of IT personnel 

certified according to job 
needs 

 

 M259 Qualitative evaluation of 
working conditions like 
communication and 
teamwork, physical 
discomfort, psychological 
well-being, workload, 
supervision, opportunities 
for growth, etc. 

 

 M260 Average number of 
Impediments per 
Task/Sprint/Team 

 

 M261 Mean Time for Resolving 
an Impediment (at 
Task/Sprint/Team level) 

 

 M262 Qualitative Evaluation of 
Customer Satisfaction 

 

 M263 Error Density  
 M264 Fulfilment of Scope  
[67] M265 Budgeted Cost for Work 

Scheduled (BCWS) 
XP 

 M266 Budgeted Cost for Work 
Performed (BCWP) 

 

 M267 Actual Cost for Work 
Performed (ACWP) 

 

 M268 Cost Variance  
 M269 Schedule Variance  
    
 M270 Estimate at Completion 

and Estimate to 
Completion  

 

[70] M271 QMOOD Agile 
[76] M272 Effort estimation Agile 
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 M273 Adjusted velocity  
 M274 cost  
 M275 Time estimation  
 M276 Span of Uncertainty  
[77] M277 enhancement rate Agile 
 M278 time prognosis  
 M279 project size remaining*  
 M280 scope prognosis  
 M281 changed PBI's  
 M282 added PBI's  
 M283 rejected PBI's  
 M284 project size*  
 M285 Effort at risk  
 M286 estimation shift*  
 M287 priority shift  
 M288 PBI's at risk  
 M289 software quality*  
 M290 Expenses prognosis  
[78] M291 Ratio of total number of 

test cases to open defects* 
Agile 

 M292 Unit-test code coverage  
 M293 Total number of unit tests  
 M294 Team morale-happiness 

metric 
 

[80] M295 standard violation Scrum 
 M296 defects per iteration  
 M297 no of stories  
 M298 level of automation  
 M299 no of tests  
[82] M300 Earned value Agile 
[83] M301 Line of balance chart Agile 
[86] M302 Weighted Methods per 

Class (WMC) 
Agile 

 M303 Class Size  
 M304 Test factor  
 M305 Integration Factor  
[92] M306 investment Agile 
 M307 operation expense 

 
 

 M308 net profit  
 M309 return on investment  
 M310 business value burnup 

chart 
 

 M311 Bug trends  
 M312 no of incidents caused by 

releases 
 

 M313 lead time precision  
 M314 no of ideas in different 

phases 
 

 M315 off-shoring savings  
 M316 OPEX for platform 

operators 
 

 M317 detailed planning horizon  
 M318 backlog horizon  
[93] M319 Progress in an iteration (in 

%) 
Agile 

 M320 Exact Progress in an 
Iteration (in %) EPI 
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 M321 Progress in the release (in 
%) PR 

 

 M322 Feature Correction Rate in 
an iteration (in %) FCRI 

 

 M323 Feature Correction Rate in 
the release  (in %) FCRR 

 

[94] M324 % distribution of effort per 
project 

Agile 

 M325 Cause effect analysis  
 M326 Pareto distribution of 

defects per origin 
 

 M327 #defects/ # bugs  
 M328 # of defects injected per 

sprint 
 

[96] M329 Team motivation Agile 
 M330 Efficiency  
 M331 Reliability  
 M332  Severity of fault  
[99] M333 Mc cabe complexity Agile 
 M334 Number of revision of files  
[101] M335 In project visualization Agile 
 M336 Post project visualization  
[103] M337 Not stated Scrum 
 M338 Earning Rule  
[104] M339 the number of hours spent 

on each task recorded in 
the Sprint Backlog after 
each Daily Scrum meeting 

Scrum 

[105] M340 number of regression test 
steps run at each iteration 

XP 

[108] M341 Standard deviation method 
complexity 

Agile 

 M342 Average method 
complexity 

 

[110] M343 Number of tested and 
accepted features 

Agile 

 M344 Number of area backlog 
items delivered (user 
stories) 

 

 M345 Number of automated 
cases in use versus number 
of all test cases in use (%) 

 

 M346 Reported and open 
customer defect cases 

 

 M347 Open faults during the 
development time 

 

 M348 Fault correction time to 
closed state 

 

 M349 Smoke test cycle time  
 M350 Regression test cycle time  
 M351 Definition of done 

checklist 
 

[111] M352 Use-case points Scrum 
 M353 Object points  
[115] M354 Adjusted Story point 

(ASP) 
Scrum 

 M355 Adjusted velocity  
[117] M362 Total Quality Index (TQI) Agile 
[66] M363 Opinion polls Agile 
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APPENDIX B 
 

 
                               Table B.1: The QGS list of articles 
QGS ID Quasi-Gold Standard (QGS) articles 
1 Dubinsky, Yael, et al. "Agile metrics at the israeli air force." Agile Conference, 2005. 

Proceedings. IEEE, 2005. 
2 Green, Peter. "Measuring the impact of scrum on product development at adobe 

systems." System Sciences (HICSS), 2011 44th Hawaii International Conference on. 
IEEE, 2011. 

3 Greening, Daniel R. "Enterprise scrum: Scaling scrum to the executive level." System 
Sciences (HICSS), 2010 43rd Hawaii International Conference on. IEEE, 2010. 

4 Hong, Nayoung, Junbeom Yoo, and Sungdeok Cha. "Customization of scrum 
methodology for outsourced e-commerce projects." Software Engineering Conference 
(APSEC), 2010 17th Asia Pacific. IEEE, 2010. 

5 Jakobsen, Carsten Ruseng, and Tom Poppendieck. "Lean as a scrum 
troubleshooter." Agile Conference (AGILE), 2011. IEEE, 2011. 

6 Janus, André, et al. "The 3c approach for agile quality assurance." Proceedings of the 3rd 
International Workshop on Emerging Trends in Software Metrics. IEEE Press, 2012. 

7 P. Middleton, P. S. Taylor, A. Flaxel, and A. Cookson, “Lean principles and techniques 
for improving the quality and productivity of software development projects: a case 
study,” International Journal of Productivity and Quality Management, vol. 2, no. 4, pp. 
387–403, 2007. 

8 Mujtaba, Shahid, Robert Feldt, and Kai Petersen. "Waste and lead time reduction in a 
software product customization process with value stream maps." Software Engineering 
Conference (ASWEC), 2010 21st Australian. IEEE, 2010. 

9 Seikola, Marko, and Hanna-Mari Loisa. "Kanban implementation in a telecom product 
maintenance." Software Engineering and Advanced Applications (SEAA), 2011 37th 
EUROMICRO Conference on. IEEE, 2011. 

10 Prochazka, Jaroslav, et al. "Keeping the Spin--From Idea to Cash in 6 Weeks: Success 
Story of Agile/Lean Transformation." Global Software Engineering (ICGSE), 2011 6th 
IEEE International Conference on. IEEE, 2011. 
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                         Table B.2: Rigor and Relevance Rating of the Primary Studies 
 

SLR[i] Rigor Relevance Class 

2 3 4 A 

4 3 4 A 

6 1 0 D 

8 3 4 A 

9 1.5 1 D 

10 2 4 A 

11 1.5 4 C 

12 2 3 A 

13 1.5 4 C 

14 1.5 3 C 

15 3 3 A 

16 1.5 2 D 

17 1.5 3 C 

18 1.5 3 D 

19 1.5 3 C 

20 1.5 3 C 

21 2.5 4 A 

22 2 4 C 

23 1.5 3 C 

24 3 4 A 

25 1 3 C 

26 1.5 3 C 

27 1 2 D 

28 1 2 D 

29 1 3 C 

30 2 0 D 

31 1.5 3 C 

32 1.5 2 D 
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33 1 1 D 

36 1.5 0 D 

39 1.5 3 C 

40 1 3 C 

41 2.5 3 A 

43 2 4 A 

44 3 4 A 

45 2 3 A 

46 1 0 D 

47 1 0 D 

48 1.5 4 C 

49 1 0 D 

52 1.5 4 C 

53 3 4 A 

54 2 3 A 

55 1 0 D 

56 1.5 0 D 

57 2 0 B 

58 1 0 D 

59 1.5 0 D 

61 2 4 A 

62 1.5 0 D 

65 1.5 0 D 

66 1.5 1 D 

67 1.5 1 D 

69 2 2 B 

70 3 4 A 

72 1.5 2 D 

73 3 3 A 

74 1 1 D 

75 1.5 3 C 
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76 1.5 2 D 

77 2 4 A 

78 1 0 D 

79 1 0 D 

80 1 0 D 

82 1 0 D 

83 1 0 D 

84 3 4 A 

85 2 4 A 

86 2 3 A 

92 3 4 A 

95 2.5 3 A 

96 1 0 D 

99 2 4 A 

101 3 4 A 

102 1.5 3 C 

 

103 1 0 D 

104 1.5 3 C 

105 1.5 2 D 

106 2 3 A 

107 1 0 D 

108 2 4 A 

110 1.5 2 D 

111 1 0 D 

112 1 0 D 

113 3 4 A 

115 2 0 B 

116 1 0 D 

117 2 1 D 
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                                        Table B.3: Criteria for assessing rigor of the primary studies. 

Aspect Strong Description (1) Medium Description (0.5)  Weak Description (0) 

Context The context of the study 
should be clear, 
understandable and 
comparable to other studies. 

If the context of the study is 
vaguely described but we 
cannot compare it with other 
studies, then the context value 
is 0.5 

If the context of the study 
is absent, then 0 is 
assigned. 

Study Design If the research method of the 
study i.e. the samples, 
variables etc. are explicitly 
stated then study design is 
assigned a value 1. 

If the research method is 
vaguely described, or if we 
must assume the method from 
the study then the study design 
should be given 0.5. 

If the study design is 
absent or cannot be 
understood from the 
study, then 0 is given. 

Validity threats If all the validity threats 
(construct, internal, external 
and reliability) are addressed 
explicitly in the study, then 
we assigned a value 1. 

If only few validity threats are 
stated in the study or if they 
are not explained in detail, 
then we assigned a value 0.5. 

If the validity threats are 
absent in the study, then 
we assign a value 0. 

          
                                 Rigor of a study= (Context+ Study design+ Validity threats) 
                      
 
                                 Table B.4: Criteria for assessing relevance of the primary studies. 

Aspect Contribute to relevance (1) Does not contribute to relevance (0) 

Subject The subjects in the study are industrial 
professionals, then we assigned a value of 1. 

If the subjects in the study are non-
industrial people like students, 
researchers or if the subject in the study is 
absent then we assigned a value of 0. 

Context If the study is performed in an industrial setting 
(explicitly stated or not), then we assign a value 
of 1. 

If the study is performed in a non-
industrial setting (like labs) or if the 
context is not interpretable, we assigned a 
value of 0. 

Scale If the study scale is industrial scale i.e 
industrial projects of considerable size, then we 
assigned a value of 1. 

If the study scale is of unrealistic size, 
then we assign a value of 0. 

Research Method If the research method in the study (explicitly 
stated or not) is one among action research, 
case study, survey, field study or lessons 
learned, then we assigned a value of 1. 

If the research method in the study is not 
interpretable or if it is one among 
conceptual analysis, experiments, or any 
other then we assigned a value of 0. 

 
                             Relevance of a study= (Subject+ Context+ Scale+ Research Method) 
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APPENDIX C 
        

Table C.1: Group I metrics for the goals/regions in their respective categories 
 

Category ID Goal/Region Metric  Metric ID 
Category 1 Improve the Work-Flow (A) # of function test cases 

developed per week; # of 
function test cases planned for 
the whole feature (but not yet 
developed) 

M2 

  # of features integrated per 
week; # of features planned for 
integration up to date in the 
integration plan (but not yet 
integrated) 

M3 

  # of defect reports entering the 
state “Closed” per week; # of 
defect reports that are not in 
state “Closed” 

M4 

  no indicator was created for 
this phase; # of test cases 
planned for execution up to a 
given week (but not executed 
yet) 

M5 

  # of test cases executed per 
week; # of test cases planned 
for execution up to a given 
week (but not executed yet) 

M6 

  Common Tempo time M65 
  Cycle time M68 
  queue time M70 
  T3 percent complete M81 
  Process cycle efficiency M101 
 Visualize the work-flow (B)  Cumulative flow diagrams 

(CFD) 
M1 

  In project visualization M335 
  Post project visualization M336 
 Enable Continuous Process 

Improvements (C) 
Flow efficiency M169 

  Oldest done feature M173 
  Product Backlog Rating M146 
  weighted quality percentage M242 
  number of faults M73 
  number of customization 

requests 
M76 

Category 2 Improve Product Quality (D) percentage of automation test 
coverage 

M7 

  Total Reported Bugs M35 
  Fixed/solved Bugs M38 
  Bugs coming from previous 

release 
M39 

  Hours spent on bug M40 
  total defects found in system 

test 
M49 

  Defect backlog indicator M78 
  new and open defect M79 
  Open faults during the M347 
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development time 
  Test Coverage M59 
  Test cases M137 
  Release Readiness indicator M143 
  Product Backlog Rating M146 
  rework M233 
  out-of-box quality (OBQ) M248 
  Error Density M250 
  Cost of Rework M251 
  Pareto distribution of defects 

per origin 
M326 

 Monitor QA activities (E)  Pulse M46 
  Fix time of failed builds M56 
  Test Coverage M59 
  Integration feedback time M110 
  Build Feedback time M111 
  Test Growth Ratio M60 
  Broken Builds M61 
  number of Findbugs- 

Violations with priority 1 
M62 

  Design debt guard M102 
  Cumulative number of defects M126 
  No of errors during a phase M133 
  Error Ratio M134 
  Duration of continuous 

integration 
M135 

  Availability of continuous 
integration 

M136 

  Test cases M137 
  Latency of messages M138 
  Low cohesion indicator M141 
  build success rate M167 
  Duration of build and test steps M168 
  Number of Parameters M223 
  Coupling between Objects M224 
  Cycle Count of Dependency 

Graph 
M225 

  Number of Name-Parts of a 
method (NNP) 

M226 

  Number of Characters (NC) M227 
  Number of Comment Lines 

(CL) 
M228 

  Number of Local Variables 
(NLV) 

M229 

  Number of Referring Objects 
(NRO) 

M230 

  Number of Created Objects 
(NCO) 

M231 

  Lines of code M125 
  Running tested features M13 
  CK suite M132 
  Depth of inheritance tree (DIT) M193 
  Number of children (NOC) M194 
  Mc cabe complexity M333 
  Number of revision of files M334 
  Test factor M304 
  Integration Factor M305 
  Fault slip through M75 
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  T3 percent complete M81 
 Evaluate Product Quality (F) CFD M1 
  Cumulative number of defects M126 
  Defect density M129 
  Defect rates and found fixed 

ratio 
M241 

  weighted quality percentage M242 
  weighted quality percentage 

with confidence loss 
M243 

  voice of customer (VOC) M244 
  CK suite M132 
  QMOOD suite M271 
  Standard deviation method 

complexity 
M341 

  Average method complexity M342 
  Weighted Methods per Class 

(WMC) 
M302 

  Class Size M303 
  System Design Instability 

(SDI) 
M238 

  Total Quality Index (TQI) M362 
  Test Coverage M59 
  Accuracy M1 
  Suitability M183 
  Test case coverage (code) M184 
  Test case coverage 

(requirements) 
M185 

  Test lines ratio M186 
  Mean time to failure M187 
  Interfaces M191 
  Classes M192 
  Depth of inheritance tree (DIT) M193 
  Error message density M195 
  Technical Debt M117 
  number of faults M73 
  Faults per iteration M48 
  Technical dept Board M44 
  Defect Count M118 
  Agile Dashboard/ Progress 

chart/ Scrum white board 
M106 

  Feature Correction Rate in an 
iteration (FCRI in %) 

M322 

  Team motivation M329 
  Release Readiness indicator M143 
  Heatmap of revisions per 

model per week; Number of 
REQPRODs; Modelling 
(Number of new checked files); 
Test progress; check-in trend; 
Number of check-ins last week; 
check in pace 

M144 

  tree map/heat map; hotspots by 
critical violations; most 
violated rules by severity; code 
complexity 

M145 

 G = (D+E) or (E+F) or (F+D) or 
(D+E+F) 

Test coverage M59 

  Cumulative number of defects M126 
  Technical debt M117 
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  CK suite M132 
  Fault Slip Through M75 
Category 3 Understand the project scope 

(H) 
Velocity of production of 
customer valued items 

M17 

  Work in Progress (WIP) M18 
  velocity M10 
  Load Factor M216 
  Adjusted Story point (ASP) M354 
  Functional points M220 
  Total estimated effort M236 
  Total estimated cost M237 
  Effort estimation M272 
  Sprint Readiness/ Story flow 

implementation 
M57 

 Forecast project duration and 
costs (I) 

velocity M10 

  Story points M54 
  Time estimation M275 
  Adjusted velocity M355 
 Prioritization of work-items 

(J) 
Profit margin M53 

  Cycle Time / Pseudo Cycle 
Time 

M77 

  Value-to-cost ratio of 
requirements and design ideas 

M131 

  story point variance M245 
  Market changes M246 
  Changes in the project backlog M247 
  Takt Time M124 
 K=(H+I) Velocity  M10 
  Story Points M54 
Category 4 Achieve time and cost related 

goals (L) 
Not stated M337 

  velocity M10 
  Story points M54 
  On time delivery (OTD) M239 
  complexity factor M240 
  % distribution of effort per 

project 
M324 

  Schedule performance index 
(SPI) 

M212 

  Cause effect analysis M325 
 Track the project scope (M) velocity M10 
  Test points M45 
  Story points M54 
  number of fully developed web 

pages 
M55 

  T3 percent complete M81 
  Story points delivered M120 
  amount of passed and written 

tests 
M127 

  System Design Instability 
(SDI) 

M238 

  number of regression test steps 
run at each iteration 

M340 

  Number of area backlog items 
delivered (user stories) 

M344 

 Release Readiness (N) number of open defects on any M51 
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given day of the release 
  Common Tempo time M65 
  Cycle Time / Pseudo Cycle 

Time 
M77 

  number of test steps that passed 
an automated test run 

M80 

  Release Readiness M143 
 Track Business Value (O) Earned Value/business value 

delivered 
115 

  Number of tested and accepted 
features 

M343 

 Visualize the project progress 
(P) 

Burndown chart M47 

  Common tempo time vs actual 
time 

M67 

  Agile Dashboard/ Progress 
chart/ Scrum white board 

M106 

  Line of balance chart M301 
  CFD M1 
  Cost Performance Index (CPI) M211 
  Schedule Performance Index 

(SPI) 
M212 

 Tracking tools (Q) defects per iteration M29 
  no of stories M297 
  level of automation M298 
  no of tests M299 
  Progress in an iteration (in %) M319 
  Exact Progress in an Iteration 

(in %) EPI 
M320 

  Progress in the release (in %) 
PR 

M321 

Category 5 Drive Teams Behavior (R) Technical debt M117 
  Fix time of failed builds M56 
  Opinion Polls M363 
  test points M127 
  Defect backlog indicator M78 
  Cycle Time / Pseudo Cycle 

Time 
M77 

  Sprint Readiness/ Story flow 
implementation 

M57 

  Number of bugs per 
development team 

M43 

  Story rate per iteration M8 
 Team Satisfaction (S) Average amount of overtime at 

sprint/release/project level 
M255 

  average number of projects the 
employees work in parallel 

M256 

  IT personnel turnover M257 
  Percent of IT personnel 

certified according to job needs 
M258 

  Qualitative evaluation of 
working conditions  

M259 

  Team morale-happiness metric M294 
 Team Productivity (T) Velocity M10 
Category 6 Customer Satisfaction Reported and open customer 

defect cases 
M346 

 Ensure business goals can be 
reached 

Measure the Practice level 
implementation 

M108 

 Measure the business impact Opinion polls M363 
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in agile development projects 
or any subjective factors 

 
 
                                      
                                Table C.2: Metrics reported in Class A studies. 
 

Category Metric ID Metric Name Goal 
Category 1 M1 Cumulative flow diagram Visualize the work-flow 
 M335 In Project Visualization 
 M336 Post Project Visualization 
 M69 Lead time Improve the work-flow 
 M70 Queue time 
 M71 Processing time 
 M2 # of function test cases developed per 

week; # of function test cases planned 
for the whole feature (but not yet 
developed) 

Enable Continuous Process 
Improvements 

 M3 # of features integrated per week; # 
of features planned for integration up 
to date in the integration plan (but not 
yet integrated) 

 M4 # of defect reports entering the state 
“Closed” per week; # of defect 
reports that are not in state “Closed” 

 M5 no indicator was created for this 
phase; # of test cases planned for 
execution up to a given week (but not 
executed yet) 

 M6 # of test cases executed per week; # 
of test cases planned for execution up 
to a given week (but not executed 
yet) 

 M169 Flow efficiency* 
 M170 Development time or , or the time it 

takes for the team to implement a 
new Feature 

 M171 Deployment time, or the time it takes 
to deploy a new feature to production 
use when its implementation has been 
completed 

 M172 Activation time, or the time it takes 
before the first user activates a new 
feature 
after its deployment. 

 M173 Oldest done feature* 
 M174 Releases Per Month (RPM), or the 

number of releases during one month 
 M175 Features Per Month (FPM), or the 

number of new features that have 
flown through the pipeline during a 
month 

 M176 Fastest Possible Feature Lead Time, 
or the actual time the feature spends 
in 
the build and test phase on the 
pipeline 

Category 2   Improve product quality 
 M35 Total Reported Bugs 
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 M36 Number of critical Bugs 
 M37 Outstanding Bugs 
 M38 Fixed/solved Bugs 
 M39 Bugs coming from previous release 
 M40 Hours spent on bug 
 M41 Test success rate 
 M42 Test Failure rate 
 M43 Number of bugs per development 

team 
 M44 Technical dept Board 
 M78 Defect backlog indicator 
 M152 Open defect severity index 
 M66 number of bounce backs 
 M137 Test cases 
 M59 Test coverage 
   Monitor QA activities 
 M7 percentage of automation test 

coverage 
 M46 Pulse 
 M143 Release Readiness 
 M167 build success rate 
 M168 Duration of build and test steps 
 M304 Test factor 
 M305 Integration Factor 
 M333 Mc cabe complexity 
 M334 Number of revision of files 
 M133 No of errors during a phase 
 M134 Error Ratio 
 M135 Duration of continuous integration 
 M136 Availability of continuous integration 
   Evaluate Product quality 
 M48 Faults per iteration 
 M160 Defect density 
 M161 Defect removal efficiency 
 M166 codebase metrics 
 M132 CK metric suite 
 M271 QMOOD metric suite 
 M277 Enhancement rate 
 M286 estimation shift* 
 M287 priority shift 
 M288 PBI's at risk 
 M289 software quality* 
 M302 Weighted Methods per Class (WMC) 
 M303 Class Size 
 M238 System Design Instability (SDI) 
 M341 Standard deviation method 

complexity 
 M342 Average method complexity 
Category 3   Understand the project` 

scope  M19 Team Total available hours 
 M20 Team Total effective available hours 
 M21 Team effort remaining 
 M22 Team Effectiveness 
 M23 Total available capacity 
 M24 Individual available hours 
 M25 Individual effective available hours 
 M26 Individual effectiveness 
 M27 Individual effort Remaining 
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 M28 Weekly working hours of an 
individual 

 M29 Number of completed Tasks 
 M30 Number of Remaining Tasks 
 M31 Remaining Task effort 
 M32 Hours spent on tasks 
 M33 working software delivery success 

rate 
 M54 Story points 
 M220 Function points 
 M352 Use-case points 
 M353 Object points 
 M125 Lines of code 
 M217 number of characters 
 M218 presence of keywords 
 M219 priority 
Category 4   Achieve time related goals 
 M147 Delivery on time 
 M277 enhancement rate 
 M280 scope prognosis 
 M65 Common Tempo time 
   Track project scope 
 M238 System Design Instability (SDI) 
 M10 Velocity 
 M277 enhancement rate 
 M279 project size remaining* 
 M281 changed PBI's 
 M282 added PBI's 
 M283 rejected PBI's 
 M284 project size* 
 M285 Effort at risk 
 M143 Release Readiness Release Readiness of the 

product 
 M47 BurnDown Tracking tools 

  M67 Common tempo time vs actual time 
 M290 Expenses prognosis Track business Value 
 M165 Top Hill View Project progress 
 M68 Cycle time 
 M221 Velocity per day 
Category 5 M8 Story rate per iteration Drive teams’ behavior 
 M150 Bug correction time from new-to 

closed state 
Measuring the teams 

Category 6   Other 
 M163 Thumbs-up rule Customer Satisfaction 
 M164 Non-Compliance index Compliance with company’s 

standards 
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APPENDIX D 
 
 
                Table D.1: Definition and Interpretation of the metrics that belong to Category 1 
 
Region Metric ID Definition Interpretation DA 

rating 
GA rating 

B M1 Represented using a graph in 
which the x-axis gives the time-
line and y-axis gives the 
cumulative number of completed 
requirements 

Gives the teams the regions 
where the process 
improvement efforts have 
to be focused. The number 
of requirements in different 
phases gives the continuous 
flow of the development 
process. 

1 1 

A M2 Monitoring the throughput of a 
team is done using the number of 
test cases developed, and by 
monitoring the queue the 
changes in the number of test 
cases can be planned. 

Bottlenecks in the software 
causes disturbances in the 
development of test cases 
as planned. 

1 1 

A M3 Throughput is a measure of 
number of integrated features 
which are planned from the 
queue.  
 
 
 
 
 
 
 

The bottlenecks in the 
integration phase cause a 
drop in the throughput 
which increases the queue 
size. The sudden drop in 
the queue indicates the 
presence of bottleneck in 
the previous phase which 
causes disturbance in the 
integration process.  
 

1 1 

A M4 This metric is a measure of the 
total number of defects fixed in a 
week, whereas the number of 
open defects which are to be 
closed from the queue. 
 
 
 
 
 
 
 

Insufficient quality is a 
consequence of presence of 
bottlenecks in this phase 
which leads to an increase 
in the queue due to which 
there will be no features for 
delivery. In case of a 
bottleneck in the previous 
phase, the number of open 
defects drops immediately 
which is a sign that no test 
cases were executed. 
 

1 1 

A M5 Throughput is measured by 
counting the number of test cases 
executed, whereas queue is 
measured by counting the 
number of test cases planned to 
be executed and not yet 
executed. 

Increasing queue length is 
an indication of the 
existence of bottlenecks in 
the software testing phase. 

1 1 

A M6 Throughput is measured by 
counting the number of test cases 
executed, whereas queue is 
measured by counting the 
number of test cases planned to 
be executed and not yet 

Decrease in the number of 
test cases is a consequence 
of the presence of 
bottlenecks in this phase 
due to which the 
throughput drops. 

1 1 
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executed. 
A M65 Common tempo time = Net 

working days available/no. of 
units required 
 

On analyzing the work 
skills needed per work unit, 
the work can be rearranged 
to eliminate bottlenecks. 
The analysis is done by 
assessing for how many 
days are people with a 
specific skill set are 
available excluding the 
holidays and training time. 
On comparing the 
remaining work with the 
available resources, the 
development constraints 
can be identified. 
 

1 1 

A M68 
 

Time taken in the completion of 
a specific feature. 

On tracking cycle times, it 
was identified that manual 
tests are time consuming 

1 1 

A M69 The average time taken by a unit 
in completing the entire process 
from start to end (including the 
queue waiting time) is termed as 
‘throughput time’ or ‘turnaround 
time’. 

VSM helps in identifying 
wastes by monitoring 
progress and estimating 
when a work can be 
completed and categorized 
the wastes into three types: 
waiting, extra processes 
and motion wastes. 

1 1 

A M69 The elapsed time in minutes, or 
hours for a feature to complete 
the entire process from start to 
end. 

 1 0 

A M70 The average waiting time 
between sub-processes. 
 
(OR) Queue time is measured by 
counting the number of units 
remaining to be developed in the 
queue for a phase. 

VSM helps in identifying 
wastes by monitoring 
progress and estimating 
when a work can be 
completed and categorized 
the wastes into three types: 
waiting, extra processes 
and motion wastes. 
(OR)Improper management 
of queues has an impact on 
lead time and workflow 
like increase in lead time 
and ineffective flow. 

1 1 

A M71 Processing time is the working 
time for a request by a 
person/team. 

VSM helps in identifying 
wastes by monitoring 
progress and estimating 
when a work can be 
completed and categorized 
the wastes into three types: 
waiting, extra processes 
and motion wastes. 

1 1 

C M72  Gives an overview of how 
the requirements change 
during the development life 
cycle.  

0 1 

C M73 The flow of fixing the faults is 
captured 

Cumulative flow diagrams 
are used to analyze the 
flow 

1 1 
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C M76 This metric helps in measuring 
the flow of customization 
requests made by the customers 

Cumulative flow diagrams 
help in analyzing this flow. 

1 1 

A M81 This metric provides a story-
centric view of the development 
process and is calculated based 
on the developer estimations for 
each test as not started(red), in 
progress(yellow) and 
completed(green). This metric 
gives a real assessment of 
progress as it takes into 
consideration the expected 
variation in implementation time 
and the actual implementation 
time. 

According to the 80/20 
rule, the last 20% of the 
iteration content takes 
longer time due to factors 
like environmental issues, 
developers being 
overloaded etc. This metric 
identifies these factors 
early and helps in fixing 
them. 

1 1 

A M100 - - 0 0 
A M101 The ratio of amount of value add 

time to the total time to deliver 
the product. 

This metric helped the 
teams in improving their 
process cycle efficiency by 
limiting the non-value 
added tasks. In cases where 
the elimination was not 
possible, the duration of the 
event is minimized by 
balancing the tasks. 

1 1 

A M103-
M105 

  0 0 

C M169 The amount of flow unit 
processed in a given time. 
 

Higher flow efficiency is 
considered is good sign 
from the flow unit’s 
viewpoint i.e. if a 
resource’s flow efficiency 
is one hour and after 
placing in the queue it 
takes two hours and when 
another resource processes 
it takes 3 hours’ time, the 
flow efficiency is 
4/6=66%.  
 

1 1 

C M170 Development time for a feature 
is the inclusion of a new feature 
into the branch whose start time 
is the time when the branch is 
created and end time is the time 
when the branch is combined 
with the master branch. 

 1 0 

C M171 The decision process of 
deploying features and the 
execution time of the tools are 
the two important dimensions for 
this metric. 

 1 0 

C M172 The visible features in the 
production logs are only used for 
calculating the activation time. 
In situations like the introduction 
of a new layout, the activation 
time is the time when the feature 
is first used in the system. 

 1 0 
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C M173 This metric is based on the 
definition of done and is the time 
a feature waits in the done state 
without the deployment in the 
production environment.  

The data for calculating 
this metric is collected 
from the feature branches. 
Feature branches are those 
which are closed but not 
merged in the closed 
release branch.   

1 1 

C M174 The number of releases occurred 
in a month is a measure of this 
metric. When the metric value 
changes after a long time, it 
gives information about the 
changes in the release cycle. 

 1 0 

C M175 Is measured by counting the 
number of new features in a 
pipeline in a month and is based 
on the Day-by-the- Hour which 
gives the quantity of work 
produced for the hours worked. 
This metric is measured by the 
data available in the 
implementation level. 

 1 0 

C M176 This metric is measured by 
calculating the time spent by a 
feature in the build and test 
phase.   

 1 0 

B M233   0 0 
B M335 Represented using a Web-based 

tool and contains 3 main 
elements namely:  
Activity: States are used to 
associate requirements and 
activities and once an item 
reaches the control point, it is 
shifted to a new state. 
WIP status: Represented by 
horizontal bars and each bar has 
three colors light grey, white and 
dark grey. Light grey represents 
the requirement exceeding the 
threshold limit, dark grey is an 
indication of item being within 
the limit and white indicates the 
items approaching the threshold 
value. 
Viewpoints: Viewpoints are 
grouped into nodes, releases and 
teams and they are collected 
based on the answers to the 
questions asked. 

The results showed that the 
visualizations could 
identify bottlenecks and 
assess whether 
improvements in lead time 
and throughput have been 
achieved. quality problems 
might indirectly 
show in the form of 
bottlenecks and hence 
might be discovered when 
reflecting on the data 

1 1 

B M336 Represented by a bar graph 
which compares the 
requirements outside the 
threshold range with the ones in 
the threshold range. Threshold 
range is defined as at least 50% 
of the requirement must be 
completed within the specified 
period of time. On comparison, 
the requirements are classified 

To visualize the effects of 
process improvements. 
Tracking of improvements 
is done by comparing 
different periods through 
which one period becomes 
the baseline for tracking 
the change in another 
period. This visualization 
technique not only shows 

1 1 



 

121 
 

into four categories: Stretched 
(the threshold limit is exceeded 
in terms of achievement), 
committed (reached the 
threshold limit), Robust (within 
the limit) and alarming 
(exceeded the limit). 

the improvement between 
categories but also within 
the categories. 

A M57   Increases the 
implementation flow of a 
story more than 60% and 
eliminates the wastes 
associated related to 
context shifting and 
waiting. 

0 1 

 
                      
 
 
                     Table D.2: Definition and Interpretation of the metrics that belong to Category 2 
 
Regio
-n 

Metric 
ID 

Definition Interpretation DA rating GA 
rating 

D M7 It refers to unit and integration 
tests that have a test coverage of 
90%. 

In scenarios where ‘just 
enough’ quality is 
expected, this metric helps 
in covering important 
scenarios with a good 
amount of unit and 
integration tests.  This 
assures the cost versus 
quality trade-off being 
employed on a regular 
basis depending on the 
customer perception of the 
value provided 

1 1 

 M35 Bugs are mostly reported by the 
customer. 

Can interpret the level of 
quality. Based on the 
predicted level of quality, 
the team takes preventive 
actions. 

1 1 

 M38 The number of bugs in the bug 
tracker which are 
fixed/resolved. 

Can interpret the level of 
quality. Based on the 
predicted level of quality, 
the team takes preventive 
actions. 

1 1 

 M39 The number of bugs that are 
moved to the next release from 
the previous release 

Based on this value, the 
teams take required actions 
to reduce the number of 
bugs from previous release. 

1 1 

 M40 Gives the number of hours 
spent on the bug 

Indicates the effort spent to 
fix a bug to reduce the 
issues in moving to the 
next release. 

1 1 

 M36 Gives the number of bugs that 
are critical. 

 1 0 

 M37 Gives the number of bugs that 
are remaining 

 1 0 

 M42 Gives the probability of a test 
failure 

 1 0 
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 M44 Measured using SonarQube at 
the source code level which 
gives the estimation of how 
much effort is required to fix 
each debt of the project. 

The board pictures the 
existing technical debt and 
quantifies the amount of 
debt. 

1 1 

 M49 Calculated by counting the total 
number of defects in the system 
and is used as measure of code 
quality. 

The overall defects found 
during system test should 
reduce in number as 
defects are found early due 
to defect removal 
techniques like Test Driven 
Development, pair 
programming, and peer 
reviews. 

1 1 

 M78 The number of defects in the 
backlog next week is the sum of 
the actual number of defects in 
this week and the predicted 
defect inflow and outflow. The 
predicted defect inflow and 
outflow are measured by taking 
the averages of last 3 weeks. 
 

The indicator is represented 
by an arrow showing 
whether the defect backlog 
is forecasted to increase or 
decrease in the coming 
week: Arrow pointing up 
indicates that the defect 
backlog will increase in the 
coming week – i.e. if db(x) 
< db(x + 1). Arrow 
pointing down indicates the 
that the defect backlog will 
decrease in the coming 
week – i.e. if db(x) > db(x 
+ 1). Arrow pointing right 
indicates that the defect 
backlog will remain the 
same – i.e. db(x) = db(x + 
1). 

1 1 

 M79 New defects refer to the newly 
added defects to the defect 
backlog and the open defects 
are the ones which are not fixed 
in the defect backlog. 

Reflection guides the team 
identifying the root-causes 
based on the metric results. 
A reduction in the number 
of new defects does not 
interpret that quality is 
improved as lack of proper 
testing may be a cause for 
the reduction or that people 
don't report all defects into 
the common defects table. 

1 1 

 M347 New/closed/open faults are 
rated based on priority level as 
(critical, major, minor) 

Gives an indication on the 
effectiveness of the testing 
process and if the code 
quality is on the required 
level. The value is a very 
clear indicator for teams to 
increase the quality and 
start corrective actions to 
get the number going 
down.  

1 1 

 M137 Measured by counting the 
number of test cases available 
for a component. 

Indicator for the test 
quality especially when 
used with branch coverage. 
It is measured for a 
specified time frame called 
feature builds. 

1 1 
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 M59 Gives the code test coverage This value indicates if the 
code is of sufficient quality 

1 1 

 M143 RR= # (defects/defect removal 
rate/ test execution rate/ test 
pass rate; Where #defects was 
the number of open defects, the 
product defect_removal_rate 
was the average number of 
removed defects during the last 
4 weeks, test_execution_rate 
was the average number of test 
cases executed during the last 4 
weeks and test_pass_rate was 
the average number of test cases 
passed during the last 4 weeks.  

This indicator predicts in 
which week the release will 
be possible given the 
number of known defects, 
how many defects were 
removed on average in the 
last few (4) weeks, and 
how many defects were 
expected to be discovered 
given the number of test 
cases being executed. The 
large and mature software 
development organizations 
identify release readiness 
as a key performance 
indicator for controlling the 
development of the product 
and improving 
organizational 
performance. 

1 1 

 M146 Considers the complexity of the 
features, gives them the test 
rating and quantizes the quality 
of the testing process. PBR is a 
combination of product backlog 
complexity level(PCL) and Test 
assessment ratio(TAR). 
Formula is given [41]. 

Measures the quality of the 
quality assurance layer and 
not the end product. 

1 1 

 M233 Defined as the effort spent(man-
hours) in fixing flaws and 
defects 

Helps in identifying if an 
iteration is out of control or 
not and is visualized using 
a re-work graph which also 
detects bottlenecks and 
delays in the project.  

1 1 

 M248 It measures overall quality 
experienced by the customer. 
This measures quality beyond 
code-defect rates and ensures 
that the whole product 
packaging objectives are being 
met 

This metric is interpreted 
using a bar graph which  
shows that installation and 
configuration defects occur 
more frequently and the 
cumulative line graph 
shows that the degree of 
imbalance is approximately 
40/60 (that is, the top 40 
percent of the categories 
accounts for 60 percent of 
the total defects) 

1 1 

 M250 The number of errors per 
KLOC (kilo-lines of code. 

Measures error density 1 1 

 M251 Measured as the product of the 
hours spent on rework and cost 
of an engineering hour. 

Calculates the cost for 
rework 

1 1 

 M326 Defect type distribution using 
pareto charts 

The first three types of 
defects (functional, visual, 
and no reproduced) account 
for more than 
80% of all defects. The 
organization can now focus 
its process improvement 

1 1 
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initiative on removing the 
root causes of these 
categories of defects.  

 M66  Helps in eliminating 
rework which causes 
delays in the project and 
reduces productivity. 
Finding the root cause of 
the defect helps in 
eliminating the defect and 
also by putting more time 
on analyzing the customer 
requirements rework can be 
reduced. 

0 1 

 M50 - - 0 0 
 M152 - - 0 0 
 M327 - - 0 0 
 M328 - - 0 0 
 M252 Defined as the ratio between the 

number of tasks completed 
during a sprint backlog and the 
total number of tasks in the 
sprint backlog or between the 
number of PBIs completed in 
the release and total number of 
PBIs committed. 

- 1 0 

 M253 It is calculated by introducing 
the classification for the cause 
of incomplete tasks for the 
indicator “fulfilment of scope” 

- 1 0 

 M254 It is calculated by keeping the 
post-implementation review 
records.  

- 1 0 

E M46 The value is estimated by 
counting the number of check-
ins per day.  The value is 
estimated for code check-ins, 
automatic-test check-ins, and 
detailed specifications check-
ins. 

‘Steady pulse’ implies that 
pulse is stable for many 
days and is a good status 
whereas, ‘spiky’ pulse 
implies that most of the 
check-ins are grouped at 
the end of iterations which 
signifies that people don’t 
integrate during the 
iterations and is a bad 
status. 

1 1 

 M62 The number of potential bugs 
found because of a violation 
found by the CI search engine. 

Based on this value, the 
effort required to fix the 
issue can be estimated 

1 1 

 M56 The metric is measured using a 
statistical control chart if the 
process of fixing failed builds is 
in statistical control and the 
variation of process 

On analyzing the causes for 
long fix-times showed that 
in most cases when the 
code is checked in to the 
build server catches with 
many defects. 

1 1 

 M59 Measured using the tool 
Cobetura which gives how 
much of the source code is 
executed during test execution.  
Test Coverage = Code covered 
by the tests / completed code 
with 0 ≤ testCoverage ≤ 1. 

Test Coverage is a 
quantifiable measurement 
which gives how "good" 
the code is tested and the 
value should be as high as 
possible. A test coverage 
range of 80-90 is a good 

1 1 
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Number of test cases per user 
story and respective status 

industrial value. 

 M110 The integration feedback time is 
the time between ready for a 
check-in and a CI build report. 
If a project is not doing any 
integration, then this is equal to 
the build feedback time. 
Otherwise, it is equal to the 
trigger time plus the maximum 
compile and test time. 

For instance, if a project 
has a 10-minute trigger 
time, the compilation time 
is five minutes, and it takes 
15 minutes to test, then the 
integration time will be 30 
minutes and after 30 
minutes the developer can 
identify if the integration is 
a failure or success. 

1 1 

 M111 The build feedback time 
measures the build cycle. If a 
project has daily builds, then 
this metric value is one day. If a 
project has CI and not a daily 
build level, then it is less than 
one day and the metric is not 
important anymore. 

For instance, if a project 
completes a build in every 
three weeks then the build 
feedback time is three 
weeks. 

1 1 

 M60 The total number of tests 
divided by the lines of code. 

In situations where there 
are only a few tests, the 
number of tests should 
increase when the source 
code increases whereas 
source code may decrease 
because of refactoring.  

1 1 

 M61 Measured by the Continuous 
Integration CruiseControl. If the 
continuous integration fails, it is 
counted as a ‘Broken Build’. 

A failure in the integration 
or a broken build indicates 
that quality requirement is 
not met. Every Broken 
Build might be a prevented 
bug, which can be released 
into the production 
environment if fixed 
immediately. 

1 1 

 M102 Measured by identifying the 
programming constructs with 
poor design. dm is the function 
that measures the design quality 
of the system S: dm(S) = min 
m2S dq(m) where dq(m) is 
defined to be the design quality 
of module m in the system and 
module is the smallest 
programming construct on 
which quality is measured. For 
instance, a class or a file is 
termed as a module and quality 
is measured as the quality of the 
weakest module of the system. 

The design debt metric 
interpretation maps the 
result to the interval [0,1], 
where 0 implies high 
quality i.e low design debt, 
and 1 implies low quality, 
i.e. high design debt. The 
interpretation function is to 
be defined on the basis of 
understanding the quality 
needs of the system and 
also on the historic data of 
the system. In case of 
absence of historic data, the 
recommended values can 
be interpreted using the 
industry benchmarks or 
expert advice. This metric 
can also be picturized using 
a graph. The design debt is 
in the red if the value of the 
interpretation function is 1, 
orange if the value is 
between 0 and 1, the design 

1 1 
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debt is orange and green if 
the value is 0. 

 M126 Quality is measured by counting 
the number of unsolved defects 
of a project. 

Gives the effectiveness of 
the testing process. A 
developed test suite should 
be continuously improving 
and the number of tests 
should always be higher 
than the number of defects. 
The growth in the number 
of defects along with the 
source code indicates that 
level of testing is sufficient. 

1 1 

 M133 The CI Frequency (#CI) of 
Continuous Integration is 
measured by counting the 
number of successful 
Integrations per day. 

As a target, the metric 
value should be greater or 
equal to the number of 
team members within a 
SCRUM team. Thus, at 
least every team member 
has to check-in at least 
once a day which indicates 
that the teams, even the 
new ones, are constantly 
working on the backlog 
items. 

1 1 

 M134 It is the total number of 
erroneous Continuous 
Integrations within development 
stage < phase >. 

Gives the failed number of 
attempts. 

1 1 

 M135 Determines how many broken 
builds/test failures occur. 
Formula stated in [39] 
. 

For instance, if the metric 
value is 0.25, then only 
every fourth run of the 
metric test is successful. 

1 1 

 M136 Maximum Duration of <phase> 
<component> is defined as the 
maximal duration of a 
development step of a < phase > 
for a < component >. 

On analyzing the reason for 
longer duration of a build, 
the build time can be 
improved by 50% 

1 1 

 M138 The most frequently used 
messages are used to study the 
performance behavior. 

A violation of the runtime 
behaviour of the software 
functionality is easily 
identified and handled. In 
case of different 
performance states, e.g., 
the runtime of the software 
functionality is close to the 
threshold which improves 
the software performance 
optimization 
process. 

1 1 

 M141 Formula stated in [39] Indicates if a check-in is 
restricted to a single 
component. If the value 
tends to zero, the change 
has only affected one 
component and is only a 
local one and no penalty 
has been added to any 
component. If more than 
one component has been 

1 1 



 

127 
 

involved, value tends to 1 
and a penalty will be 
distributed over all 
components. 

 M146 Measures the complexity 
level(PCL) which gives a 
quantification of the testing 
hazards of a product 
backlog(PBL) and the Test 
Assessment Rating(TAR). TAR 
gives how successful the testing 
process is in terms of finding 
bugs, uncovering the severe 
bugs and reducing the number 
of bugs out of the test cases. 
PBR is the weighted average of 
the all PCL and TAR of the 
PBL items in a Sprint. Using 
PCL and TAR of the PBL 
items, PBR can be calculated 
according to the given equation. 
PCL and TAR formulas are 
stated. 
  

This metric is utilized in 
measuring the test quality 
of a Sprint. PBR score in a 
sprint can be used to 
evaluate the testing process 
temporarily. Furthermore, 
an organization with 
multiple Scrum teams, can 
compare testing processes 
among the teams and this 
comparison helps an 
organization to get an 
overview of the overall 
testing process in the 
organization. 

1 1 

 M167 Integration system reports Respond when a failed 
build of long-running tests 
is encountered. 

1 1 

 M168 Integration system reports “ 1 1 
 M223 The metrics are generated using 

Eclipse IDE plugin-a unit 
metrics tool. 

For interpretation and 
analysis, the value per 
different thresholds are 
normalized and mapping 
between the normalized 
values and the linguistic 
quality terms are shown. 
The threshold for 
normalization is defined on 
the basis of empirical data 
but they can easily be 
modified according to 
distinct project 
specifications. 

1 1 

 M232 The number of features that 
passed acceptance tests. 

“. 1 1 

 M125 The metrics are generated using 
Eclipse IDE plugin-a unit 
metrics tool. 

“ 1 1 

 M13 The metrics are generated using 
Eclipse IDE plugin-a unit 
metrics tool. 

“ 1 1 

 M132 The metrics are generated using 
Eclipse IDE plugin-a unit 
metrics tool. 

“ 1 1 

 M193 The metrics are generated using 
Eclipse IDE plugin-a unit 
metrics tool. 

“ 1 1 

 M194 The metrics are generated using 
Eclipse IDE plugin-a unit 
metrics tool. 

“ 1 1 

 M333, These two metrics are combined The developed risk-profiles 1 1 
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M334 to give an indication of risk. 
Denoting the risk as the product 
of complexity and number of 
revisions of files we get: 
Risk=complexity*revisions; the 
files that have risk > 400 score 
are considered very risky, 200 < 
risk < 400 are moderately risk 
 

helped designers in 
detecting the highly risky 
files out of thousands and 
to refactor them 

 M304 Test factor for an iteration(i) is 
the ratio between the number 
of lines of test code and the 
number of lines of production 
Code: T(i) =TLOTC(i)/TLOC 
where: 
TLOTC(i) = total lines of test 
code in iteration i 
TLOC(i) = total lines of 
production code in iteration i. 
 

The test factor for an 
iteration drops if testing is 
not done showing that 
more production code was 
developed without tests. A 
flat graph for a project 
reflects the difficulty in 
adopting testing practices 
in a legacy system where 
most of the production 
code was developed 
without an automated test 
suite. 

1 1 

 M305 IFi =LAi + LRi + LUiT* Ci 
where: 
LA(i) = total number of added 
lines in an iteration i 
LR(i) = total number of deleted 
lines in an iteration i 
LU(i) = total number of updated 
lines in an iteration i 
C(i) = total number of commits 
in iteration i. C(i) can be 
retrieved by analyzing the 
repository history log while 
LA(i), LR(i), and LU(i) can be 
measured from the file 
differences retrieved from the 
repository. 

The low value of 
continuous integration 
factor, indicates that there 
are few line changes per 
commit and the team is 
effectively implementing 
continuous integration.  

1 1 

 M345 Test automation ratio is defined 
as the ratio between number of 
automated test cases used and 
the total number of test cases 
used (value in %). 

Measured monthly and 
gives the progress of test 
automation in the product 
and team level. Increase in 
test automation ratio 
reduces manual testing 
effort and helps in saving 
time. 100% automation is 
not a realistic target as 
manual testing is used in 
end-to-end cases.  

1 1 

 M75 
M74 

The number of unidentified 
defects which are most cost-
effective 

Both high values indicate 
more testing is done with 
little efficiency whereas 
both the low values 
indicate testing is done in 
an efficient way. 
High M74 and low M75 
indicates that good quality 
is delivered but the effort 
spent on test cases is more. 
Low M74 and high M75 

1 1 
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indicates that very little 
effort is spent on testing or 
the testing process and test 
methods need to be 
improved 

 M81 Estimates are generated 
automatically as soon as the 
tests are run using T3 percent 
complete. 

This metric promotes 
testing as the projects are 
not officially tracked until 
the tests are written 

1 1 

 M128 Measured by extracting data 
from the defect repository. 

- 1 0 

 M139 Measured by counting the sum 
of the added, deleted and 
changed lines for a checkin.  

- 1 0 

 M140 The number of changed 
configuration items in a CI is 
defined as the changed 
items(Ci) 

. 1 0 

 M142 #TCperLOC<component>=#TC
<component> 
#NLOC<component> where 
NLOC is defined as number of 
non-commented lines of code 
for < component >. 

- 1 0 

 M349 - - 0 0 
F M1  The metric pictures two 

unhealthy states of a 
project which are caused 
due to inefficiency to 
complete a development 
task because of defects or 
other issues and the low 
pace at which new work is 
added to the development 
process. 
 

1 1 

 M126 Measured by registering each 
discovered defect into a defect 
management system 

Gives the effectiveness of 
the testing process. A 
developed test suite should 
be continuously improving 
and the number of tests 
should always be higher 
than the number of defects. 
The growth in the number 
of defects along with the 
source code indicates that 
level of testing is sufficient. 

1 1 

 M129 Measured by dividing the 
cumulative number of defects 
by 1000 and multiplying the 
value with LOC 

Indicates the product 
quality. Lower the value of 
defect density higher is the 
product quality. 

1 1 

 M241 To visualize the defect rates and 
the found-fixed ratio, Brooks 
Software’s Temporal reporting 
technologies against ClearQuest 
unified change management 
(UCM) repositories are used by 
the teams and management. 

Calculated by the team.  1 1 

 M242 Each test case in a build is 
assigned a level from 1 to 4 

The range for quality 
percentage is –100 percent 

1 1 
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based on the criticality of the 
test, with level 1 being the 
highest, and each level is 
assigned a point value. The 
point values of failed test cases 
are subtracted from those of 
pass ones to obtain an adjusted 
point value and these values are 
divided by the total point value 
of the test cases to obtain the 
weighted quality percentage for 
a given build 

to 100 percent, where –100 
percent is complete failure 
of the full suite of tests on 
the latest build and 100 
percent is complete success 
of the full suite of tests on 
the latest build. 

 M243 The weighted quality 
percentage with confidence loss 
is defined as the sum of the 
timeliness of adjusted point 
values for all test cases divided 
by the total point value of all 
test cases. 

Weighted quality 
percentages (with or 
without confidence loss) 
may be very low in the 
initial builds when tests 
tend to fail more often. By 
release time, they may be 
near 100 percent in order to 
comply with product 
release readiness policies. 

1 1 

 M244 The VOC metric is graded from 
1 to 5, with 5 representing the 
best answer to the survey results 
calculated on a spreadsheet for 
the suite of products and 
versions delivered to the 
particular customer 

To increase the quantitative 
sophistication of this metric 
and to prevent an 
individual low score from 
being ignored because of 
high average value, any 
response or any product 
with a 3 or less value 
triggers to a root cause 
follow-up with the 
customer 

1 1 

 M132 Definitions of the CK suite is 
stated 

The predictive capability of 
OO metrics in the short-
cycled iterative processes is 
only effective when the 
design is collected to a 
certain critical mass, often 
toward the last several 
iterations in the XP-like 
process. 

1 1 

 M271 Definition of CK and QMOOD 
suite 

CK-WMC, CK-RFC, 
QMOOD-CIS, and 
QMOOD-NOM are 
consistent predictors of 
class quality (error-
proneness) 

1 1 

 M341 Formula stated in [108] A class with a high WMC 
value and low SDMC value 
implies that the class 
consists of only a small 
number of similarly 
complex methods whereas 
a class with low WMC 
value and high SDMC 
value implies that class 
methods are not complex 
with the exception of a 
few. 

1 1 
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 M292 Gives the unit test code 
coverage 

 1 0 

 M342 Measures the average 
complexity of all the methods in 
the class. 

M342 gives an indication 
of the class complexity 
with many non-complex 
member functions than 
WMC (WMC-McCabe) 

1 1 

 M302 Measures the complexity of 
classes in a object-oriented 
system. It is defined as the sum 
of weighted methods defined in 
a class. WMC can also be 
calculated as Pci where ci 
is McCabe’s Cyclomatic 
Complexity of the class’ ith 
method. 

Results show that higher 
the value of WMC and 
class size, the more 
proneness to defects and 
will require more testing 
and maintenance effort. 

1 1 

 M303 Counts the total number of non-
blank and non-comment lines of 
a class. 

“ 1 1 

 M238 The SDI metric measures the 
percentage of classes in 
DesignN that cause a change in 
DesignN+1. Formula stated in 
[61] 

SDI entropy metric is a 
viable measure of system 
design stability 

1 1 

 M362 QMOOD total quality index is 
calculated by the sum of the 
quality factors. TQI = 
Reusability + Flexibility + 
Understandability + 
Functionality + 
Extendibility + Effectiveness 

Shows strong correlation 
with stability metric. 
Suggested to use M362 as a 
measure for stability. 

1 1 

 M182 Counting the frequency of bug 
reports by the customers. 

Higher the number of 
defects found and reported 
by the customer, lower the 
quality  

1 1 

 M183 The number of extra 
requirements covered by the 
product which do not meet the 
customer requirements.  

Gives the customer value 
for the product 

1 1 

 M184 The number of test cases 
relative to the lines of code 

gives the number of test 
cases implemented for each 
lines of code. 
 

1 1 

 M185 The number of test cases 
relative to the requirements. 

gives the number of test 
cases implemented for each 
requirement. 

1 1 

 M186 Number of lines of test code 
relative to number of lines of 
code 

Used to measure the 
reliability of the code 
which is a special software 
characteristic. Highly 
reliable systems increase 
customer satisfaction. 

1 1 

 M187 It measures the mean time 
difference between the 
occurrence of product defects 
and failures 

The low scores of mean 
time to failure is an 
indication for the 
improvement of product 
quality.. 

1 1 

 M191 Counting the Number of 
interfaces 

Increasing numbers of 
interfaces increases the 
complexity. This metric 

1 1 



 

132 
 

will be critically 
investigated for interface 
efficiency 

 M192 Counting the Number of classes Higher the number of 
classes, higher is its 
complexity.  
 

1 1 

 M193 The distance between class and 
its root class (indicator for 
complexity of inheritance tree) 

Higher the number higher 
is the complexity, 
inheritance and reusability. 
However, at the same time 
complexity and error-
proneness also increase. 

1 1 

 M195 The number of error messages 
per functional element 

Helps in assessing if the 
user has sufficient feedback 
on the occurring errors 

1 1 

 M117 The number of hours are 
required to fix the software 
related issues. 

Direct measure 1 1 

 M73 The number of faults in the 
product. 

The number of faults 
increases with the delay in 
the testing process and this 
limits the communication 
between the development 
and testing processes. 

1 1 

 M48 The number of faults found in 
their kind in an iteration. 

At the release level, all the 
detected faults are fixed in 
the beginning of next 
iteration. 

1 1 

 M44 Used to visualize technical debt. 
The lines in the board comprise 
the teams and the columns are 
the categories and subcategories 
of technical debt and in each 
cell the maturity of the team is 
evaluated based on the pre-
defined criteria. 

Visualizing the technical 
debt is of high advantage to 
the architects as it helps the 
teams in knowing the 
problems and taking their 
own corrective actions. 
Also, helps in tracking the 
team’s progress. 

1 1 

 M118 Counts defects in each iteration The number of identified 
defects. Used by most of 
the software engineers to 
measure quality. 

1 1 

 M322 Gives the percentage of the 
features that passed the 
acceptance tests compared to 
the total number of the features 
that are planned to be 
implemented in an iteration. It 
considers the size, priority and 
number of errors detected and 
corrected in a feature. (formula 
stated in [93]) 

A feature with high 
importance/priority of (or 
size) passing the 
acceptance tests contributes 
more towards quality of the 
product than a feature with 
lower priority (or size) 
passing the acceptance test 

1 1 

 M329 Rated on a linear scale with the 
lowest value as 1 and highest 
value as 5 

The teams are given 
ownership of the products 
in agile which helps them 
in understanding what they 
are measuring and keeps 
them motivated. As results 
it increases the decision-
making capacity of the 
team and motivated teams 

1 1 
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develop quality products as 
visibility increased in the 
team. 

 M143 A dashboard which visualizes 
these measures 

By visualizing the trend in 
new/changing 
requirements, the team can 
identify if there is still 
functionality to be 
implemented or tested.  

1 1 

 M144 Generalized using web based 
tools 

Analyzing every metric in 
the dashboard gives the 
internal and external 
quality of the product 

1 1 

 M145 Generalized using web based 
tools 

“ 1 1 

 M291 Measured using the number of 
unsolved defects in a project. 
Provides information about the 
system quality. 

- 1 0 

 M293 “ - 1 0 
 M198 The number of iterations for 

completing a specific user story 
- 1 0 

 M199 Number of completed builds per 
iteration 

- 1 0 

 M200 The number of obstacles solved 
per iteration 

- 1 0 

 M201 The number of reopened defects 
relative to total number of 
defects 

- 1 0 

 M202 The ratio of milestones reached 
to the planned ones. 

- 1 0 

 M203 The projected release date based 
on current velocity 

- 1 0 

 M204 Counting the number of defects 
that are not solved in an 
iteration and carried over to 
next iteration. 

- 1 0 

 M205 Measured by counting the 
Number of successfully tested 
features per user story 

- 1 0 

 M206 The number of test cases and 
their respective status (open, in 
progress, completed) 

- 1 0 

 M207 The number of test cases per 
user story and their respective 
status 

- 1 0 

 M208 The total number of defects per 
iteration 

- 1 0 

 M209 The number of iterations for 
mitigating a defect. 

- 1 0 

 M210 DPMO = D/N*Q*1,000,000 - 1 0 
 M211 The total earned value relative 

to actual costs 
- 1 0 

 M212 The total earned value relative 
to planned value 

- 1 0 

 M213 The total number of task board 
updates per iteration 

- 1 0 

 M214 The total number of team 
meetings organized per iteration 

- 1 0 
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 M10 The number of completed 
features/user stories per 
iteration 

- 1 0 

 M47 The amount of remaining work 
relative to available time 

 1 0 

 M166 Calculated using static code 
analysis tools 

- 1 0 

 M188 Measures the total downtime in 
relation to total runtime 

- 1 0 

 M189 CPU capacity for performing 
tasks 

- 1 0 

 M190 CPU capacity for database 
queries 

- 1 0 

 M194 Counting the Number of 
subclasses 

- 1 0 

 M197 The execution time for system 
functions 

- 1 0 

 M323 Feature Correction Rate in the 
release (in %) FCRR = 

- 1 0 

 M309 The ratio of value of the 
completed work against 
investment cost. Value point v/s 
story point 

- 1 0 

 M332 Severity of fixed defects rated 
as Minor fault, Major fault and 
Critical fault 

- 1 0 

 M330 Actual work time/Calendar time - 1 0 
 M331 The percentage of committed 

work over amount earned work. 
- 1 0 

 M178 - - 0 0 
 M179 - - 0 0 
 M180 - - 0 0 
 M181 - - 0 0 
 M311 - - 0 0 
 M64 Gives the accuracy of the time 

estimates 
 1 0 

 
 
                              Table D.3: Definition and Interpretation of the metrics that belong to Category 3 
 
Region Metric 

ID 
Definition Interpretation DA 

rating 
GA 
rating 

H M17 The customer requirements are 
broken down into tasks and the 
time for the completion of each 
task is calculated.  

The issue log helps in 
identifying the variances in the 
process. The WIP inventory 
and the completion velocity 
inventory display the extent of 
common cause variation while 
a lack in the blocking of work 
indicates a lack in the special 
cause variation 

1 1 

 M18 work-in-process (WIP) can be 
measured by tracking the work 
queue for a process. 

Tracking WIP level using 
statistical control enables in 
predicting lead time, and its, 
future effect on the project 
schedule. Issue log reflects in 
the trends of WIP should 
contain the details of causes for 
special cause variations. Issue 

1 1 
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log and blocked WIP help in 
assessing the capability of the 
organization for eliminating 
special cause variation 

 M10 Measured by counting the 
number of completed user stories 
in an iteration. 

Factors that invalidate the 
velocity measurement are: 
change in team composition, 
adding high skilled people to 
the team, and team consistency. 
Velocity is an empirical 
observation and not an 
estimation or target. It also 
guides in estimating the 
remaining time of the project 
 

1 1 

 M130 Measured by identifying the root 
cause of a defect in the defect 
backlog and extracting the data 
using an automated tool. 

Helps the development team 
and managers in allocating the 
quality assurance resources. 

  

 M216 Load factor is the actual number 
of calendar days to taken to 
complete a project divided by the 
developer’s estimated ‘idea’ days 
in completing it. 
 
 
 
 
 

If the size of a user story is “too 
big”, XP rules suggest to split 
the user story into several user 
stories. By the completion of 
the estimation process, user 
stories must be prioritized for 
scheduling. XP practices 
suggest in estimating using 
experience/analogy7 in which 
effort estimation is mainly 
based on the request of series of 
functionalities. 

1 1 

 M234 CFP measures functional user 
requirements and presents the 
values in terms understandable 
by users of the software. 
Estimations rely on read, write, 
entry and exit components of 
items. 

Helps the managers in 
achieving objective and 
repeatable measurement. 

1 1 

 M273 The normal velocity value when 
modified with Friction 
Factors(FR) and dynamic 
forces(DF) is termed as adjusted 
velocity. AV= (sum of story 
points)D, 
Where D= FR*DF 

Helps in scrum time estimation. 1 1 

 M354 The total effort spent on a project 
is the sum of ASP’s of all the 
stories in the product backlog. 

Helps in predicting the time 
usage. 

1 1 

 M220 SiFP= 7 * #DF + 4.6 * #TF 
where #DF is the number of data 
function and #TF is the number 
of elementary processes. 

From the Moonlight Scrum 
project, it is concluded that 
functional size measures have 
failed to predict the effort. 

1 1 

 M236 Total Estimated effort(TEE) for 
the project TEE = Velocity per 
iteration*ESP*TF 

Taking the factors at low and 
high level into consideration 
the estimated value of sprint-
points and cost are calculated. 
Based on analysis of the level 
of factor from low to high, the 
effort is interpreted 

1 1 

 M237 Total Cost = ECF* total no. of “ 1 1 
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iterations 
 M272 A Story Point is the amount of 

effort, completed in a unit time 
Utilizing these two vectors, 
effort of each user story is 
calculated using the following 
formula: ES= Complexity* Size  
The total effort for a project is 
the sum of efforts of all 
individual user stories.  
E=Σ(ES)i 

1 1 

 M57 The percentage of user stories 
allocated to a ready sprint which 
is supported by a checklist 

The efficiency of sprint 
planning increased as the teams 
know about the features and 
stories. 

1 1 

 M274 Development cost for a project 
is: COST=1.681*TS*T  
where, TS is monthly salary of 
the team and T is Time in 
Months 

The development team’s salary 
is considered as one unit in this 
cost and is calculated per month 

1 1 

 M235 A Sprint-point calculates the 
effective time which a team 
member 
spends in Sprint-related work in 
that iteration. 
 

Change in the level of the 
factors affects the unadjusted 
value of sprint-points 

1 1 

 M220 FP = (0.58∗Ni) + (1.66∗Ne) 
+(0.26∗No) 
Where, Ni is the number of Input 
Data Element, Ne is the number 
of Data Entity Types Referenced, 
and No is the number of Output 
Data Element Types. 

This metrics is not accurate in 
predicting the size of a project. 
FPA is useful in comparing 
team’s productivity before and 
after adopting XP. 

1 1 

 M217 The number of characters Longer texts are used by the 
developers in describing the 
complex functionality of the 
project which help in effort 
estimation. 

1 1 

 M218 15 frequently used keywords 
along with their frequency. The 
presence of the keywords in each 
user story is checked and the 
findings are stored in a binary 
variable. 

Predicts the effort that it takes 
to complete the project 

1 1 

 M219 Priority is related to the 
development effort and is ranked 
using an ordinal scale.  

User story with value 1 
indicates the highest priority 
 

1 1 

 M339 Ratio of earned value and actual 
cost. The actual cost and earned 
value are measured in currency 
units. The actual cost is 
calculated in terms of employee 
wages which is obtained by 
multiplying the hours spent on 
working and the cost of an 
engineering hour for every task 
in the backlog.  

CPI value can be 1 or more 
which indicates that the cost of 
completing the work is on plan 
or is less than the plan. 

1 1 

 M265 The total budgeted cost for the 
plan and provides the budget 
value planned to be spent.  

 1 1 

 M276 Lower bound of this range is 
termed as Optimistic Point and 

A direct measure for 
calculating the duration of the 

1 1 
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the upper bound is termed as the 
Pessimistic Point.  
Confidence Level (CL) to be 
used to calculate Optimistic and 
Pessimistic Time. 
Time𝑃𝑟𝑜𝑏𝑎𝑏𝑙𝑒=T  
Time𝑂𝑝𝑡𝑖𝑚𝑖𝑠𝑡𝑖𝑐=1−(100−𝐶𝐿)10
0∗T  
Time𝑃𝑒𝑠𝑖𝑚𝑖𝑠𝑡𝑖𝑐=1+(100−𝐶𝐿)10
0∗T  
Span of Uncertainty = 
Time𝑃𝑒𝑠𝑖𝑚𝑖𝑠𝑡𝑖𝑐−Time𝑂𝑝𝑡𝑖𝑚𝑖𝑠𝑡
𝑖𝑐 

project 

 M306 The money spent on 
requirements. On tracking the 
way of investment in the value 
chain to become throughput, 
inventory based metrics correlate 
with investment. 

To calculate investment a 
cross-organizational 
cooperation is required. This 
metric helps in calculating ROI. 
To increase ROI, throughput 
should increase and investment 
should decrease. 

1 1 

 M307 Cost of turning the requirements 
into a working code i.e cost from 
gathering requirements to the 
successful completion of project. 

 1 0 

 M20-
M33 

- - 0 0 

 M54 - - 0 0 
 M352 - - 0 0 
 M353 - - 0 0 
 M121 - - 0 0 
 M123 - - 0 0 
 M159 - - 0 0 
 M309 - - 0 0 
 M315 - - 0 0 
 M16 - - 0 0 
 M308 - - 0 0 
 M307     
 M10 - If the size of a user story is “too 

big”, XP rules suggest to split 
the user story into several user 
stories. By the completion of 
the estimation process, user 
stories must be prioritized for 
scheduling. XP practices 
suggest in estimating using 
experience/Analogy7 in which 
effort estimation is mainly 
based on the request of series of 
functionalities. 

0 1 

 M19 - In cases where the effective 
availability factor is known, 
accuracy of estimations is high 
which in turn provides better 
view of reality 

0 1 

 M215 - If the size of a user story is “too 
big”, XP rules suggest to split 
the user story into several user 
stories. By the completion of 
the estimation process, user 

0 1 
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stories must be prioritized for 
scheduling. XP practices 
suggest in estimating using 
experience/Analogy7 in which 
effort estimation is mainly 
based on the request of series of 
functionalities. 

I M10 Vi = Effort Completed / Sprint 
Time 

The Observed Velocity is 
interpreted as the number of 
units of Effort the team 
completes in a typical Sprint 

1 1 

 M54   1 1 
 M275 Time to complete a project is 

estimated as: T=EV Days  
= Σ(ES)ini=1(Vi)D Days 

A direct measure that calculates 
the duration of the project. 

1 1 

 M355 Product of number of sprints and 
sprint length gives the project 
time. 

A direct measure that calculates 
the duration of the project. 

1 1 

 M220 FP = (0.58∗Ni) + (1.66∗Ne) 
+(0.26∗No) 
Where, Ni is the number of Input 
Data Element, Ne is the number 
of Data Entity Types Referenced, 
and No is the number of Output 
Data Element Types. 

This metrics is not accurate in 
predicting the size of a project. 
FPA is useful in comparing  
team’s productivity before and 
after adopting XP. 

1 1 

J M53 Defined as the ratio of Net 
Present Value to estimated effort. 

The EBIs order is in descending 
order of the profit margin. 

1 1 

 M77 This metric when combined with 
story points for each item 
calculates the cycle time metric 
for each story size  

This metric helps in scheduling 
high priority features and bugs 

1 1 

 M124 The number of story points for 
any fixed unit of time(day, 
iteration etc) is the Takt time. 
The rate of product increment is 
to meet the customer demand is 
measured by Takt time. In case 
of availability of number of story 
points and deadlines, takt time 
can be calculated to finish the 
product. 
 

Forecasting delivery dates in 
software is calculated using 
Monte Carlo Simulation 
method which also gives the 
Takt time for each team. The 
date of project completion is 
based on the risks the team is 
willing to take during 
development. 

1 1 

 M131 Ratio of value and cost.  - 1 1 
 M245 The difference in the number of 

planned story points and the 
actual story points to be 
developed is called the story 
point variance 

- 1 1 

 M246 On implementing version and 
configuration control on a project 
contract, its evolution over time 
due to market changes and 
consequent changes in 
requirements can be monitored. 

- 1 1 

 M247 Product backlog is the source for 
developing user stories in each 
iteration cycle. The development 
cycle allows each iteration to 
have its own planning process. 
Change control helps in keeping 

- 1 1 
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track of the changes in the 
project. On one hand if the 
market changes and story point 
variance focus on the inflow to 
the project backlog, this metric 
focuses on the outflow from the 
backlog. The project backlog and 
its administration is a core 
concept of the ADP and allows 
for a high level of agility and 
change control. 

 M112 - - 0 0 
K M317 - - 0 0 
 M318 - - 0 0 
 
                       
 
 
                       Table D.4: Definition and Interpretation of the metrics that belong to Category 4 
 
Region Metric 

ID 
Definition Interpretation DA 

rating 
GA 
rating 

L M10 Velocity is defined as the rate of 
completion of story points as per 
assigned capacity of resource and 
its unit is story points generated 
per resource capacity. 

Velocity is used to measure the 
effectiveness of a team in 
delivering functional units, as 
defined by the story points.  

1 1 

 M337 Remaining work between two 
days is calculated using formula 
(1) where n is the number of 
tasks in the Sprint Backlog 
(formula stated in [140]) 

The metric gives an indication 
that the amount of work 
remaining is proportional to the 
amount of work spent by the 
target value of its indicator 
being 1 or less. 

1 1 

 M54 The sprint state can be estimated 
by comparing the time with the 
number of story points burned. 

This metric helps in tracking 
the project schedule. 

1 1 

 M289 Measures software quality by 
implementing the ISO/IEC 25010 
quality standards. SIG developed 
analysis tools that measure the 
sub-characteristics of the 
standard  

- 1 1 

 M240 This metric gives the risk 
contribution in total sizing of 
story points. 
 
 
 

It is the reciprocal value of 
size-weighted risk, and gives 
the comparison of risks 
between similar modules. 
Within these modules, the ones 
with low complexity factors 
have higher number of risks 
and lower sizes and the ones 
with high complexity factors 
have low number of risks and 
higher sizes. 

1 1 

 M324 Gives the effort distribution for 
each phase of the project 

This metric helps the 
organization in deciding if its 
allocating the right amount of 
effort for each activity as poor 
effort is the major cause for 
rework and poor performance. 

1 1 

 M212 SPI is the ratio of earned value to Target value for the metric is 1 1 
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the planned cost measured in 
person hours 

1.0, which shows that earned 
value is the same as the planned 
value and any values below the 
target is a symbol for delays. 

 M325 This metric helps in analyzing 
the root causes for the delay.  

By identifying the root-causes 
suitable correlative actions are 
taken. 

1 1 

 M239 This measure is calculated by 
project management. 
(Actually, available shipping 
date- planned commit 
date)/project duration. 

Usually the tolerance limit is 5. 
The velocity variances during 
the project help in meeting the 
OTD level 

1 1 

 M266 A testable requirement is a 
combination of precise, 
unambiguous, and indivisible 
set of low–level requirements 
and a requirement becomes 
testable only if it validates the 
implementation of the 
requirement. “Testable 
requirement. is defined through 
Stories, 
Tasks, and Testable 
Requirements and are verified 
using Unit and Functional 
testing. 

- 1 0 

 M211, 
M212 

CPI=BCWP / 
ACWP, SPI=BCWP / BCWS 

- 1 0 

 M249 Measured as the ratio of the work 
spent and the decrement of 
remaining work. 

 1 0 

 M268 Difference of planned 
cost and actual cost. CV= 
ACWP–BCWS 

 1 0 

 M270 EAC=Cost to Date + Estimated 
Cost of Remaining 
Work. 

 1 0 

 M267 BCWS and ACWP are collected 
from the time card system 

 1 0 

 M269 Measured as the difference of the 
invested cost and the returned 
value. SV=BCWP– 
ACWP. 

 1 0 

 M277 Is the throughput which is the 
percentage of the backlog size. 
shows what percentage of the 
Project 
Size of the preceding sprint – 
thus including items with the 
status ‘produced’ – has gone into 
acceptance or production at the 
current sprint. For this metric, 
and many of the other metrics, 
we favor PBI weight over the 
more naïve PBI count. This 
means that, if the data is 
available, we use effort 
estimations (e.g. story points) to 
weigh each PBI. This gives a 
more representational and 

 1 0 
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detailed indication of the amount 
of work that is associated with a 
PBI 

 M278 Time Prognosis gives the 
expected end time of an iteration 
by adding the average 
Enhancement Rate with 
the Project Size Remaining. 

 1 0 

 M279 The difference of product size 
and amount of completed work. 
The completion ratio for 
accepted items reflects in the 
effort spent on getting PBIs into 
acceptance. PBIs which has the 
status ‘produced’ are subtracted 

 1 0 

 M313 Measured in terms of average 
delay days of delivery to full 
scope as defined at the start of 
the first sprint  

 1 0 

 M285   0 0 
 M69   0 0 
 M112   0 0 
 M115   0 0 
 M147   0 0 
 M163   0 0 
 M350   0 0 
M M10 Velocity is defined as the rate of 

completion of story points as per 
assigned capacity of resource and 
its unit is story points generated 
per resource capacity. 

Velocity is used to measure the 
effectiveness of a team in 
delivering functional units, as 
defined by the story points.  

1 1 

 M45 Measures the amount of work is 
the number of test points. The 
number of test points is 
calculated for all written tests 
gathered per iteration per 
component.  

First, test points are the only 
metrics of productivity in the 
project – nothing partial (like 
running code, for example) 
counts. Second, regular 
regression testing is a must – 
since a test point must be run 
(and pass successful) each 
iteration again to be counted as 
part of its product. it motivates 
writing tests and that it can be 
referred also as complexity 
metrics. If a test scenario has 
twice as many step as another 
scenario, it is considered to be 
more complicated, about twice 
as much. However, as for unit 
tests, the developers who did 
write them said that each unit 
test line should be worth 2 test 
points, since unit tests are often 
more difficult to write and test 
more subtle bugs (multi-
threading issues, for example) 
than do acceptance tests. This 
issue has been left as an open 
question in the project so far 

1 1 

 M51 Visualized using a chart with an 
open defect curve for the current 

Gives how closely is the 
product to the potentially 

1 1 
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release and compared to the same 
date before implementing scrum. 

shippable product at the 
particular moment. A gentle 
curve moving up and down 
indicates that the team is 
reaching the potentially 
realizable state. 

 M55 Actual progress rate= ((sum of 
number of completed web 
pages)/(sum of the total pages in 
a build))*100 
Expected progress rate=((((sum 
of the number of pages to 
build)/sprint count)* current 
sprint)/(sum of the total number 
of pages to build))*100   

This approach is mainly used in 
situations where most of the 
completed web pages have 
similar complexity. By using 
this metric, it is identified that 
resource utilization can be more 
effectively used in the early 
phases of the development 
process. 

1 1 

 M59 Gives information about the unit 
test coverage of the product area 
and makes the progress per 
month visible my comparing the 
unit test coverage value with the 
target coverage value. 

 1 0 

 M81 This measure gives the estimates 
automatically whenever the tests 
are run and the status is 
represented as Not Started (red), 
In Progress (yellow), and 
Complete (green) 

The expected changes in 
implementation times and the 
actual implementation 
Status gives the real assessment 
of progress. 

1 1 

 M120 Each iteration is planned with a 
subset of the most important user 
stories, that are planned to be 
completed per team capacity. 
Therefore, minimizing the 
difference between the number of 
story points planned and the 
number of stories delivered 
becomes the focus. 

Compares the planned user 
stories VS actual value to 
determine the project progress 

1 1 

 M127 In automated acceptance testing, 
one test point is considered as 
one step or one line of unit tests. 

The progress is determined 
based on the number of test-
cases passed. 

1 1 

 M238 SDI=percentage of classes whose 
names have changed + 
percentage of newly added 
classes + percentage of deleted 
classes + percentage of classes 
whose inheritance hierarchy have 
changed at the time when Design 
N+1 is registered in the 
configuration management 
system. 

The SDI metric indicates 
project progress with class 
growth trends when the process 
is short-cycled agile process 
and when the team has prior 
experience in developing 
similar projects. 

1 1 

 M340 The number of features that 
passed in an automated test 
cases. 

Test size is a good predictor of 
project size as it is highly 
correlated with lines of code 
and complexity. The features 
which completed regression 
testing are only termed as 
delivered product size. 

1 1 

 M344 Number of user stories that are 
accepted 

Corrective actions must be 
taken if the team trend level is 
decreasing. 

1 1 

 M65 Common tempo time = (Net Interpreted using a chart, where 1 1 



 

143 
 

working days available/no. of 
units required), where the 
available staff days are divided 
into total amount of work days to 
be done 

green sticker indicates a 
common tempo time of 90%-
100%, yellow sticker means 
80%-90%, and red means 70%-
80%.  

 M77 This metric when coordinated 
with story points gives cycle time  

This helps in giving the product 
owners an exact value for lead 
time even for the features in the 
bottom of the priority list. 

1 1 

 M80 The number of test cases passed 
in automated testing 

Helps the teams in measuring 
the tested features count, 
integrated code count and 
customer facing feature count. 

1 1 

 M143 Formula stated in [40]. Where 
#defects are the number of open 
defects, defect_removal_rate is 
the average number of removed 
defects during the last 4 weeks, 
test_execution_rate is the average 
number of test cases executed in 
the last 4 weeks and 
test_pass_rate is the average 
number of test cases passed in 
the last 4 weeks. Here the 
duration is chosen based on the 
statistical and empirical analysis. 

Calculated using MS vista 
gadget which gives the release 
quality of the product. 

1 1 

 M277 Throughput is measured as the 
percentage of backlog size which 
gives the size of the preceding 
sprint which went into the 
production phase in the current 
sprint. The effort estimated for a 
PBI is more useful in estimating 
this metric as it gives the amount 
of work associated with the PBI 

. 1 0 

 M279 The difference of product size 
and amount of completed work. 
The completion ratio for 
accepted items reflects in the 
effort spent on getting PBIs into 
acceptance. PBIs which has the 
status ‘produced’ are subtracted 

 1 0 

 M280 Predicts the end of an iteration by 
combining the remaining project 
size and the enhancement rate  

 1 0 

 M281 Gives a measure of the changes 
in the descriptions of the 
existing PBIs. If description of 
the PBI differs from the one it 
had before in the same iteration, 
the 
PBI is added to the number of 
changed items. The result is 
given as a percentage of the total 
PBI count 

 1 0 

 M282 The percentage of new PBIs in 
the backlog of a development 
iteration, which did not exist on 
the backlog of the iteration 
before. The 

 1 0 
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metric compares PBIs by their 
unique ID i.e it does not include 
changed PBI’s. 

 M283 PBIs should not be physically 
deleted, but can be flagged as 
‘rejected’ or ‘deleted’. The 
number of rejected PBI’s gives 
the trend of PBI removal and also 
gives the percentage of project 
size rejected since the previous 
iteration 

 1 0 

 M284 Project Size is measured by the 
total effort estimation. In case of 
absence of estimations, the 
number of PBIs are counted. 

 1 0 

 M125 Measured by counting the lines 
of code basing on the agreement 
counting all the lines, or omitting 
the empty ones and comments, 
which files to exclude, and so on. 

 1 0 

 M221 
 
 

 Velocity is dynamically tracked 
using Kalman filter algorithm. 

0 1 

 M112   0 0 
 M351   0 0 
N M290 Gives an overview of the amount 

of effort that has not turned into 
product value and the relative 
risk of losing this effort is the 
Effort At 
Risk metric. Based on this metric, 
risk is divided into three risk 
categories, namely 1) low risk, 2) 
medium risk, and 3) high 
Risk and can be mapped to three 
statuses namely: ‘accepted, 
‘team’, and ‘designed 
respectively which implies that 
PBIs in the ‘designed’-phase 
have the highest chance of being 
rejected, and the items in the 
‘accepted’-phase have the 
lowest chance, due to them being 
more mature. 

This metric is highly 
Useful for monitoring an 
agile SD process. For instance, 
the client can clearly note when 
a 
deliberate decision to postpone 
putting PBIs into production 
to the end of the project is 
taken.  

1 1 

 M232 Measured in terms of financial 
value which is the estimated ROI 
for each user story. Measures the 
completeness of the product from 
a business perspective. Also 
measured in terms of sum of the 
weights of completed stories.  

This measure can be used only 
when the scope of the work is 
clear i.e if the level of 
uncertainty of scope is high this 
metric is not applicable. 

1 1 

 M343 
 
 

Number of features available for 
releasing. 

Gives the number of features 
accepted during the month and 
shows if the number of new 
features are on the planned 
level. The cumulative number 
of features should increase 
linearly during the year. 

1 1 

 M286 One way to measure effort is 
using story points interpreted in 

 1 0 
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terms of man-hours, depending 
on the development team that 
assigned. 

 M287 The estimations give insight on 
the shift in priorities of each of 
the PBI in the backlog. For 
instance, the MOSCOW 
principle of prioritization which 
prioritizes into four types of 
PBIs, called 1) must haves, 2) 
should haves, 3) 
could haves, and 4) would/won’t 
haves. This metric adds the 
relative change in priority to the 
overall result. A change from 
priority 1 (‘must have’) to 
4 (‘would have’) would thus 
numerically mean a shift of 3 

 1 0 

 M277 Throughput is measured as the 
percentage of backlog size which 
gives the size of the preceding 
sprint which went into the 
production phase in the current 
sprint. The effort estimated for a 
PBI is more useful in estimating 
this metric as it gives the amount 
of work associated with the PBI 

 1 0 

 M113  Used for long term business 
process monitoring along with 
EBV. ROI is measured for each 
feature in an iteration. 
Maximizing ROI is the key 
goal of any organization.  

  

 M9   0 0 
 M114   0 0 
 M116   0 0 
 M288   0 0 
 M289   0 0 
O M67 Gives the number of work units 

completed over time and are 
compared to a target 

Helps the viewer in seeing 
where the project is in relation 
to its time-related goals and 
also the overall trend. It also 
gives insights on how much 
work should be completed and 
how much capacity is available. 

1 1 

 M47 This metric is supported by the 
planning and human resources 
table using which the remaining 
working days vs remaining 
human resources is calculated.  

Burndown helps the managers 
in decision making, and 
manage several teams.  It also 
helps the team members in 
changing the teammates based 
on the priority of the task. 

1 1 

 M106 Visualizes the work-flow by 
showing the status of each work 
items as set by the teams. 

Guides the team members in 
identifying issues, uncovering 
their root causes and propose an 
improvement to their current 
way of work. 

1 1 

 M177 Represented as a line graph that 
gives the accumulation of 
delivered value, for instance 
story points—on the vertical axis 

The total number of planned 
stories for a sprint is given by a 
line on the top of the graph and 
also gives the changes in the 

1 1 
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and time on the horizontal axis 
and a line sloping from the 
bottom left to the upper right of 
the graph depicts progress. 

planned content. 

 M301   1 1 
 M1 A flow visualization technique 

which categorizes the work into 
‘in process’,’ waiting’ and ‘done’ 
states with time on the x-axis and 
work items on the y-axis. 

Gives the amount of work in 
each state and is recommended 
as an alternative for burnup 
charts. Used to monitor 
performance from various 
perspectives. 

1 1 

 M301 Gives a picture of the progress 
with the number of items which 
pass through the given control 
points on x-axis and how many 
actually did on the y-axis. 

The control point labeled 
“Backlog”, gives the total 
amount of work the team has to 
deliver. The remaining control 
points in the chart are described 
in two columns: the “Planned” 
column which shows the 
number of items that should 
have passed through the control 
point as per the release plan and 
the “Actual” column which 
gives the number of items 
passed through it. On 
comparing the number of 
planned items to the number of 
actual items progress can be 
measured. 

1 1 

 M211 Ratio between the baseline cost 
per story point to the actual cost 
of story point 

Is the project is on track, then 
CPI and SPI=1 for each sprint. 
CPI>1 implies we are spending 
less budget then planned on the 
story points and CPI<1 implies 
we are spending more.  

1 1 

 M212 Ratio between the earned value 
and the planned value. 

SPI>1 implies we are finishing 
before the planned date and 
SPI<1 implies we are finishing 
before the planned date. 

1 1 

 M310  The delivery value is verified 
after customer interrogation. 

0 1 

P M165   0 0 
 M68 The common tempo value 

against the time shows the 
number of units of work 
completed over time as compared 
to its target 

Allows the team to see if the 
project is in regards with its 
time related goals. 

1 1 

 M319 Progress in an iteration (in %) PI 
= (Si*Pi/Sk*Pk) * 100. Si is the 
relative priority of an 
implemented and tested ith 
feature in an iteration Pi,  
N is the total number of planned 
features in an iteration and is the 
relative size of kth feature which 
is to be implemented in an 
iteration Sk. 

This metric is measured by 
assigning value to every feature 
which is not only given based 
on priority but also using size 
and helps in measuring 
progress at the iteration and 
release level. 

1 1 

 M320 Progress of a scheduled unit is 
tracked in terms of percentage of 
budget allocated to be spent for 
that work unit. 

In an instance, if the actual 
accumulated cost exceeds the 
earned value at that time it 
indicates that the project is over 

1 1 



 

147 
 

budget, with the shortfall 
representing a budget overrun. 
If the accumulated earned value 
is lower than the estimated total 
expenditure, then the project is 
running over schedule, with the 
difference representing the 
monetary expression of the 
project’s schedule shortfall at 
that point. 

 M321 Progress in the release (in %) PR 
formula in [93] 

This metric is measured by 
assigning value to every feature 
which is not only given based 
on priority but also using size 
and helps in measuring 
progress at the iteration and 
release level. 

1 1 

 M296  A simple count or a weighted 
count by the severity of defects 
introduced during a Sprint 

Due to the smaller duration of 
sprints, defects are to be fixed 
early to reduce the cost. 

1 1 

 M297 Measured by making a simple 
count or weighted count by using 
the story complexity of the 
number of stories in a release or a 
Sprint 

For instance, in a project with 
120 user stories, the release 
progress is termed as 80 
completed and accepted stories, 
20 in development and 20 not 
yet developed. 

1 1 

 M298 Measures the no of automated 
tests 

For instance, 200 of 1200 tests 
implying 16% automation. 

1 1 

 M299 Counts the number of developed, 
accepted, executed and passed 
tests used in validating a story, 
epic, or the entire release. 

 1 1 
 

 
 
                         Table D.5: Definition and Interpretation of the metrics that belong to Category 5 
Region Metric 

ID 
Definition Interpretation DA 

rating 
GA 
rating 

R M8 Ratio of total number of story 
points approved and closed by 
the customer in an iteration to 
the number of developer days 
worked in that iteration. 

Story rate along with cumulative 
flow rate gives the evidence on 
continuous improvement. 

1 1 

Q M43 Displays the monitoring of tests 
and bugs. 

This guides in fixing the defects 
earlier. 

1 1 

 M56 This metric is visualized using 
statistical control charts and 
displays the process of fixing 
failed builds. 

Motivates the teams to implement 
the ‘stop and fix’ mindset. 

1 1 

 M57 Flow (%) = estimated 
implementation time/actual 
implementation time * 100 
 

This metric shows the team 
members the flow of work in a 
sprint which motivates them in 
delivering twice as fast as 
possible. 

1 1 

 M77 Cycle time helps in tracking 
team performance 

After implementing pseudo cycle 
time for 3 months there is a steady 
progress of the Kanban team and 
this motivated team members. 

1 1 

 M78 Formula stated in [24] Gives an indication of taking 
necessary actions when the team 
feels that the trend is 

1 1 
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unacceptable. 
 M69  Gives an estimation if the 

required corrections are 
performed before the time 
planned date i.e the maintenance 
of the product which is 
challenging to the teams.  

0 1 

 M107  Visualizes the mood of the team 
members and tells how they are 
reacting to the implemented 
change. 

0 1 

 M127 Test point is considered as one 
unit in an automated test 
scenario. 

 1 0 

S M150  Measures every individual of a 
team 

0 1 

R M255 The amount of work spent on 
administrative days 

 1 0 

 M256     
 M257 Measured by the total number of 

developers, the number of 
developers who left the 
company and the number of 
developers who joined the 
company  

 1 0 

 M258 Calculated using the team 
member certificates 

 1 0 

S M259, 
M260 

  0 0 

S M261 Described in terms of Product 
quality, reliability in time and 
cost, completeness of the 
product before release, 
collaboration with development 
team, training and 
documentation. 

 1 0 

S M294 Measured by asking the team if 
he/she is happy with the sprint 

Over time, stress and high 
turnovers are negative impacts on 
the team morale. 

1 1 

Q M265 Asked using a questionnaire Contributes to team motivation as 
people’s opinions are considered. 
Neglecting opinion polls is better 
option when the organizations are 
not prepared to take the corrective 
actions as taking opinion polls 
and not implementing the changes 
might decrease the team morale.  

1 1 

 M295 Measured by tracking the 
number of standards violated in 
a sprint 

Helps in enforcing coding and 
design standards in a team and 
ensures team discipline. 

1 1 

 M56 The time duration from defect 
identification till defect fixing. 

Helps in following the lean 
mindset of fixing defects 
immediately by setting a target 
value of metric to be at most one 
working day 

1 1 

 M346 Faults identified by the 
customer escaping from the 
production phase 

For testing process to be 
successful, internal testing must 
be done effectively. Corrective 
actions should be implemented if 
the metric value is high in order to 

1 1 
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increase customer satisfaction 
 M348   0 0 
 M117   0 0 
 M356-

M361 
  0 0 

 
                       
                          Table D.6: Definition and Interpretation of the metrics that belong to Category 6 
 
Region Metric 

ID 
Definition Interpretation DA 

rating 
GA 
rating 

 M10 The volume of work done by a 
team in a specified time. Used to 
measure the productivity. 

 0 0 

 M11-
M16 

  0 0 

 M52   0 0 
 M82-

M89 
  0 0 

 M108 Business driven approach helps 
in verifying the adoption of 
practices and changes the 
selected practices without losing 
the overall high level goal. 

This metric measures the team’s 
independent nature and gives the 
values of Iterative increments, 
working increments, velocity, 
Prioritized backlog, Just in time 
(detailed plan), Retrospective, 
micro increments.  

1 1 

 M109  The weekly progress helps in 
working with the users. 

0 1 

 M119   0 0 
 M148   0 0 
 M149   0 0 
 M153   0 0 
 M151   0 0 
 M157   0 0 
 M162   0 0 
 M262 Quality evaluated in terms of 

price, reliable time and cost, 
completeness of all the 
requirements, sufficient 
documentation to the user etc. 
The questionnaire must include 
questions regarding the security 
issues occurring during the 
development phase. 

 1 0 

 M263 The ratio of total number of 
errors to KLOC 

 1 0 

 M264 Ratio of the number of tasks 
completed in a sprint and the total 
number of tasks in the product 
backlog. 

 1 0 

 M314 Idea, plan, pilot study and 
production 

 0.5 0 

 M346 Customer identified faults which 
escaped from the production 
phase 

For testing process to be 
successful, internal testing must be 
done effectively. Corrective 
actions have to be implemented if 
the metric value is high in order to 
increase customer satisfaction 

1 1 

 M163   0 0 
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 M161  Does not create a problem until the 
issues in the sprint are closed. 

0 1 

 M159  High communication costs are the 
cause of low value to the metric. 

0 1 

 M160   0 0 
 M363 Measured using a predefined 

questionnaire 
The results of the questionnaire are 
the cause for the modifications 
done. 

1 1 

 
    
 


