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Summary

Although Scrum is one of the most preferred agile development frameworks that guide the

development process, measuring sprint productivity is still challenging. In fact, it is hard

to provide a continuous measurement during consecutive Scrum sprints, especially select-

ing the optimal metrics that fit better for real industrial applications. To bridge this gap,

we conducted an industrial case study within the TÜBİTAK SAGE software development

group to demonstrate the performance and applicability of a systematic selection process

for fitting addon components using various scrum metrics tools. Next, we analyzed the

combination of software developers’ preferences of process metrics concerning their char-

acteristics and their defense industry compatibility. Consequently, we assessed the metrics

that might likely integrate into the Scrum development using the Analytic Hierarchy Pro-

cess. The results indicated that the Actionable Agile Addon scored the highest, followed

by the Screenful Addon. Ultimately, this contemporary study presented a novel approach

that has increased individuals’ participation in metric planning, implementation, and mon-

itoring, therefore moving towards more achievable software development goals.
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1 INTRODUCTION

Recently, the notion of quality has become crucial across all engineering disciplines, and can be assessed through various forms of measurement.
Measurement is a process of objective association by assigning elements from number or symbol sets to the real-world properties of an entity 1.
In other words, measurement is the objective representation of the experimental knowledge of a real-world being. Fenton and Bieman 2 defined
measurement as "the process by which numbers or symbols are assigned to attributes of entities in the real world in such a way so as to describe them
according to clearly defined rules.” (p. 5). Measurement is a crucial element to all scientific and engineering activity. Therefore, software engineering
is no exception as it is essentially an engineering-based discipline. According to Pfleeger 3, software measurement is an inseparable part of software
development and maintenance. Throughout the software development lifecycle, measurement processes should be used effectively in order to
evaluate the quality, as well as the improvement 4 and performance of the product 5. Today, performance measurement has become a key feature
in the development of successful software engineering applications 6, and productivity 7.

The software development process has a more abstract structure than other engineering activities. It can be considered as a social activity
with software measurement defined as an approach used to control, manage, monitor and improve the software development process 8. Software
measurement can be divided into direct and indirect measurements. Direct measurement refers to values of the internal attributes of a software
product such as its cost, speed, and its requirements for both effort and memory. Indirect measurement, however, refers to values of the external
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attributes of a software product such as its functionality, complexity, and reliability. These measurement parameters can be used in order to create
meaningful metrics. In this way, a software metrics ecosystem can be structured so as to provide determination, prediction and the improvement
of quality of the related product or process.

Pfleeger and Fitzgerald 9 suggested that measurement data of the middle product can be applied in order to better understand the quality of
the final product. In addition, certain measurements are known to be associated with the software development process. Thus, they are expressed
as controlling activities related to the process and quality of a product that evaluates the maturity of the process.

The combination of data obtained by the measurement with the useful information reveals the metric. In this way, objective measurements are
converted to an interpretable form. In practice, the terms of metric and measure can be utilized interchangeably. Although their definitions may
overlap in places, a metric is attained by one or more measurements together with other information. On the other hand, a measurement is a value
which is assigned to an entity 10. However, metrics can be much more complex, as they provide a greater level of information about the entity
being measured 3.

The SPI manifesto suggests creating a learning organization 11. This promotes the fact that metrics within the software development process
should provide valuable information about the product under development in such organizations. One of the essential goals of the software metric
is the aim to eliminate human-factor uncertainties within the softwaremeasurement process 12. Since the collectedmetric data reflects the problem
in the development process, a company can use such data to formulate regulatory actions and to improve the software development process 13.
There are many different software metrics (e.g., lines of code, code complexity, cycle time and velocity, mean time to recover) within the software
development domain. In the literature, different approaches have been applied in classifying these metrics. Lee and Chang’s 5 classification related
to themetrics necessary for softwaremeasurement based on software quality. They divided software quality metrics into five groups: product qual-
ity; in-process quality; testing quality; maintenance quality; and, customer satisfaction quality. Another grouping can be expressed as: commercial
perspective; significance perspective; observation perspective; measurement perspective; and, software development perspective. Commercial
perspective includes technical metrics, defect metrics, end-user satisfaction metrics, warranty metrics, and reputation metrics. Significance per-
spective includes core and non-coremetrics. Observation perspective contains primitive and computedmetrics. Measurement perspective involves
direct and indirect metrics 14. Software development perspective includes process metrics, product metrics, test metrics, maintenance metrics, and
subjective metrics 6. However, Lee and Chang 5 pointed out that a metric can be included in one or more of these categories.

Moreover, in order for software process metrics to exist, methodologies concerning the software development lifecycle should be both defined
and applied. Traditional methodologies have been replaced bymodern methodologies in today’s software development processes 15. Agile method-
ologies pay special attention to quality because the ultimate purpose is to deliver high quality software to the end-user 16. Research over the past
decade has shown that organizations which develop software need to regulate agile approaches according to their requirements. Scrum is one
such modern agile software development framework that is widely used and known 17. An important change in the Scrum approach is the transfer
of responsibilities and decision mechanisms that previously sat with administrative staff to the actual software development teams 18. Therefore,
an important purpose of Scrum metrics is to help the software team and their managers to monitor the business development process, as well as
business quality, productivity, predictability, the health of the product and the team 19.

In addition to the aforementioned explanation, Scrum metrics can be defined as a “focus on the predictable delivery of working software to
customers”. Scrummetrics can help to observe the efforts expended for the development of quality software. In addition, these metrics can be used
to evaluate and visualize the results of these efforts. There are several defect and bug measurements within Scrum such as the escaped defects
metric measure and how many bugs were discovered in production. Scrum methodology consists of iterative and incremental sprint structures,
with the target determined prior to a sprint being started. Scrum metrics indicate whether or not the target of the sprint can be accomplished. The
most fundamental example is where the result of a sprint presents new functionality of a product. The “done” definition of a Scrum team is that
the new feature of the product has been developed, tested, integrated, and documented 20. The Scrum team can monitor quantitative evaluation
of the work, success rates of the sprint, and the maturity level of the team by using Scrum metrics 21. Sprint’s success rate is an important starting
point for adaptation and inspection.

The Scrum process evaluation metrics are listed and explained in Table 1.

Organizations generally choose software-based development process tools in order tomore easily control comprehensive system developments.
Various software development process tools are widely used by companies to manage the Scrum process. In fact, tools have been developed for
specific market areas that contain several add-ons. Various developers have created adaptive applications for these software development process
tools, and companies can purchase and integrate these applications into their own software development process tools as an add-on. Various
software process metrics have been proposed over time. Commonly used process metrics may be integrated into supporting process tools and
later adapted for use in specific organizations. The most commonly used Scrum problem and project tracking software tool contains a total of
nine software process metrics by default. However, there are also various metrics add-ons available on the market. Their content, functionality,
technical specifications, websites, usage training, and demonstrations are also available in the market.
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Scrum Process Evaluation Metrics Definition

Burnup Chart Monitors the progress of the team. The Burnup Chart shows a comparison between completed works and the targeted finish.
Velocity Chart The total number of values transferred in each sprint are shown in the Velocity Chart. This allows conjecture as to the amount of a job the

team can accomplish in future sprints. The chart also helps decisions to be made regarding how much to feasibly commit, and can therefore
be useful during sprint planning meetings.

Burndown Chart Total work progress is traced by the Burndown Chart, enabling assessment of whether or not a sprint was successful. Teams can self-manage
their progress, and then respond accordingly.

Sprint Report Issues in each sprint are shown in the Sprint Report. Checking mid-sprint progress can be made easier, and can also be used in sprint retro-
spective meetings.

Control Chart The cycle or lead time is represented for the product, version, or sprint by the Control Chart. Creating cycle time needs time spent by each
topic in a certain status. The chart includes the average, rolling average, and standard deviation for this data.

Cumulative Flow Diagram Stability of the flow is shown in the Cumulative Flow Diagram. Also, the focus point which makes the process more deductive can be made
more comprehensible. Quantitative and qualitative insight into both past and present problems can be easily seen, and almost limitless data
can be visualized.

Epic Report The list of completed, incomplete, and imponderable issues is shown by the Epic Report, which can be beneficial for the planning of sprints.
Epic Burndown Chart The team’s progress against the work for an epic is expressed by the Epic Burndown Chart. Largescale user stories can be broken down into

a number of smaller stories and defined as an epic. Data based on the estimation statistic utilized in the board is expressed in the chart.
Version Report The team’s progress directed according to completion of a version is shown in the Version Report. The report can also provide the predicted

release date based on the team’s average rate of progress.
Release Burndown Report The team’s progress towards work for a release can be shown by the Release Burndown Report.
Feature and Epic Progress Shows the relative progress and size of properties within a project.
Multi-dimensional Backlog Backlog of the project can be recognized clearly through the Multi-dimensional Backlog, which also attempts to engage stakeholders in the

backlog.
Backlog Map The Backlog Map attempts to engage stakeholders in the backlog, and can be utilized to review spent effort and future focus.
Estimate Accuracy The team’s estimating performance can be seen using the Estimated Accuracy; helping them to improve it where necessary.
Requirements Readiness The focus on requirements can be improved by the Requirements Readiness. It can also help the team to evaluate the distribution of work

packets (past, current, or those still in the backlog).
Potentially Deliverable Scope The time needed for a team to complete the backlog by a certain date can be shown using the Potentially Deliverable Scope.
WIP (Work in Progress) by Team Members Team members’ workloads are shown by the WIP, which indicates any overburdening of team members.
Landing Zone Story Movements of the end dates over time can be easily shown using the Landing Zone Chart as animation.
Time Between Events The average spent time for a combination of events can be tracked using the Time Between Events. Supplementary details regarding WIP

distribution can also be revealed.
Team Status Team members’ current work and what has been completed can be tracked with the help of the Team Status.
Track Lead and Cycle Times This allows for tracking of the lead and cycle times. It also shows the task’s spent times for each individual state in the workflow.
Task Status (Bird’s-Eye View) The open and completed tasks can be better viewed using the Task Status Screen. The slicing and dicing of tasks is also easily achievable

using this screen.
Source: https://www.atlassian.com/.

TABLE 1 Scrum Evaluation Metrics.

The selection of software metrics and the choice of tools to present metrics can be a significantly difficult and complex problem. Therefore,
a systematic process is required for the selection of the metrics toolkit. Multi-criteria decision-making methods can be evaluated by taking into
consideration various qualitative and quantitative criteria or purposes. They aim to achieve the best compromise solution by examining the existing
alternatives according to the determined criteria. As a result of multi-criteria decision-making methods, the decision maker can sort, group, or make
choices between existing alternatives.

The Analytic Hierarchy Process (AHP) is a multi-criteria decision-making method for complicated and unstructured problems 22. In particular, it
is a convenient approach to represent levels of goals, potential criteria (or sub-criteria) based on a set of alternatives. There are various reasons to
select AHP as the primary process. What is essential for us to recognize here is that AHP can guide us to consider the alternatives and ultimately
find the best choice. Therefore, it is important to stress that it certainly provides a very flexible model for a given problemwith the preferred level of
details 23. Most importantly, however, a proposed approach based on AHP may rely on experts from different backgrounds. Perhaps one expected
difference of software development is that it may expect contributions from practitioners from different knowledge levels and even domains or
backgrounds. Therefore, it is crucial to assess the elasticity of the final decision and the consistency of the decision maker‘s judgments 24. Finally,
teams can benefit from available software to apply AHP fast and effectively.

The current study proposes an approach to select a process measurement component, which includes the appropriate software development
process metrics using the AHP approach. In addition, we consider software project requirements and software developers’ contributions during
the selection process.

In the previous component of the research 25, a set of add-ons which include the software process metrics was already highlighted. The purpose
of the current component of the study is to extend the expert pool of the study and rigorously revisit the add-on selection process that offer
software development process metrics based on the AHPmethod. To this end, the weighting of selection criteria and the evaluation of alternatives
were reassessed as a part of the industrial case study in the TÜBİTAK SAGE software development group.
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The overall structure of the study takes the form of six sections. The next section has attempted to provide a review of the literature. Third
section describes the procedures and methods used in this investigation. The fourth section discusses and summarizes the results. Finally, sixth
section concludes the study by discussing recent findings.

2 BACKGROUND AND RELATED WORKS

The notion of the Agile philosophy and its practices embrace the social aspects of software development 26. While the Scrummethodology is based
on iterative and incremental development, and concrete organizational roles 27, a suitable measurement approach reveals the level of productivity
in a target sprint. In particular, agile development promises that its time-boxes present a new functionality. The goal of a metric is to assist software
practitioners in monitoring the planned product’s progression. In particular, it measures the sprint progress and the level of productivity of a
development team. The research has also shown that Sprint’s success rate is a crucial outlet for adaptation and inspection 28.

2.1 Importance of Choosing the Right Metrics

Previous research has established that software requirements, the software development process, and maintainability are important factors that
should be focused on during the softwaremetric selection process 9. Consequently, tailoring andmanagement of a metric toolkit can be exhausting.
In a previous study 29 on the cost of metrics in the project, different variables have been found to be related to data collection and analysis in the
calculation of metrics increased the project cost by 7-8%. Therefore, accurate data collection is vitally important to avoid the cost of unnecessary
metrics.

Although exploring software measurement at the organizational level provides important contributions to understanding the concepts and
terminology used in this field, it has been argued that more than 80% of software measurement was found unsuccessful within the eighteen
months 30. The reason for this is likely to be considered as the difficulty in understanding and utilizing software metrics. Fenton and Neil 31 reported
that many of the proposedmetrics today are not used effectively within the decision-making process due to the fact that they are not found reliable.

2.2 Importance of Software Process Metrics

To further examine the importance of the software process metrics, Kitchenham et al. 32 hypothesized that more rigorous studies were essential
for adequately measuring the software processes. Moreover, it has been reported that measuring the progress in the software process is crucial for
changing the future of a product 3, which requires an active software quality team that should guide software development teams and help them
to map software metrics to organizational goals 33.

Previous research has established that measurement and competition are vital components that boost individuals to improve their performance
in an organization 34. Most importunately, however, measurements certainly help us to assess project performance, and give information about the
state of an organization compared to some previous progress 8.

Pfleeger and Fitzgerald 9 were one of the first researchers to highlight the need for software metrics toolkit. In particular, it has been reported
that it is important to address three main concerns (i) maturity of the software development process; (ii) availability of measurement data; and, (iii)
the project management requirements when choosing metrics for a software project development project. Therefore, it is important to mention
that a metrics toolkit should not determine by the middle management. A software team as a whole should progress the selection process. A
more substantial approach to the evaluation process suggested that the selection process should be finished prior to starting the software process
improvement activities 13. Paulish and Cartelon 13 reported that the evaluation is the right approach to address priorities and ultimately to build a
productive consensus within an organization. Concurrently, Ebert et al. 8 claimed that metric designers should receive continuous feedback from
metrics users. They reported that metrics should encompass crucial information about software measurement techniques.

2.3 Analytic Hierarchy Process (AHP) Framework

The Analytic Hierarchy Process (AHP) approach is a decision-making technique for organizing and analyzing complex decisions by integrating
various criteria into a hierarchical structure that allows us to evaluate different alternatives 23. To the best of our knowledge, there have been
a limited number of multi-criteria decision-making studies, especially concerning software metrics. To choose a software suitable to the project
management process, Sharma et al. 35 utilized the AHP approach. In addition, a fuzzy version of the AHP method was selected to single out plugins
where the decision-making criteria were based on a set of quality parameters, including but not limited to adaptability, availability, complexity, and
understandability.
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Sharma et al. 35 used the AHP method, which is one of the multi-criteria decision-making method, for selecting software related to the project
management process. Sagar et al. 36 proposed the fuzzy AHP method for selecting the most reusable software component such as plugins. They
determined criteria that pointed to reusability as adaptability, availability, interface complexity, customizability, and understandability by reviewing
the related literature. Ömürbek et al. 37, the aim was to select a project management program which could be used in software development based
on using AHP and the TOPSIS methods.

Sureshchandar and Leisten 38 presented an AHP framework to prioritize the criteria of metrics with respect to the three categories. The objective
of a study is to define the criteria and critically evaluate the metrics. They defined robustness, simplicity, and also cost-effectiveness as important
criteria for the process metric. Ahmad and Laplante 39 introduced an application of the AHP method in the selection of an appropriate software
project management tool. Garg et al. 40 presented a framework for the ranking of software engineering metrics based on expert opinion with the
help of the fuzzy-based matrix method. The aim of executing this factual research was to improve the comprehension of software engineering
metrics that may have an effect on software reliability, and to examine the importance of its influence. Also, existing software engineering metrics
were ranked systematically according to their effect on the prediction of software reliability. Li et al. 41 proposed a meticulous application of the
AHP and expert opinion in choosing software reliability metrics, with relevance, experience, correctness, practicality and feasibility as the criteria
determined in their study. Pandey et al. 42 explained the relationship between attributes of particular metrics with empirical approaches. Choosing
themost significant attributes based on their weight values, the AHPmethodwas used in order to help decrease the dimensionality of metrics. Cost
and schedule optimization in the software development process can be achieved through dimensionality reduction. AHPwas used for a continuous
quality improvement program at the Latrobe Steel Company. According to the opinions of Latrobe Steel Company’s experts 43, the AHP model was
developed as a hierarchical cause-and-effect in order to centralize on the areas that needed the most control and process improvement.

Finnie et al. 44 underlined several factors involved in software productivity. They identified the relationships of these factors by using the AHP
technique to prioritize software productivity factors. Sharma et al. 45 presented an experiment that used a real-life sample in evaluating components
in terms of overall quality. The result of the study demonstrated that comparing and selecting the most suitable component can be realized with
all desired quality characteristics through application of the AHP method. Ömürbek and Şimşek 22 determined why an online shopping site was
preferred by instructors by using the AHP method. In addition, the importance of the features offered by online shopping were demonstrated by
using the AHP method, according to the faculty members.

There is a growing body of literature that are using multi-criteria decision-making methodologies (e.g., AHP) related to the selection of software
metrics and their tools. Sharma et al. 35 used the AHP method, which is one of the multi-criteria decision-making method, for selecting software
related to the project management process. Other alternatives were specified as HP-PPM, Microsoft Project, and Oracle Primavera. The criteria of
the selection process was determined by reviewing the literature and interviewing experts, and included cost, ease of use, maturity level, vendor,
and consultant support. In their study, selected criteria were assessed by interviewing five project managers with regards to the selection from
three project management software tools. Microsoft Excel was used in conducting the AHP process. According to the AHP selection process,
HP-PPM was selected as the most appropriate software management tool.

Also, Sagar et al. 36 proposed the fuzzy AHP method for selecting the most reusable software component such as plug-ins. They determined
criteria that pointed to reusability as adaptability, availability, interface complexity, customizability, and understandability by reviewing the related
literature.

In addition, six software component alternatives were specified. Java programming language was used to implement the fuzzy AHP process.
As a result, AVG Antivirus software component was selected as the most reusable component. In the study of Ömürbek et al. 37, the aim was to
select a project management program which could be used in software development based on using AHP method. Their study tried to determine
which institutional project management program software development processes should be applied within the Computer Center of a university
using the AHP method. In this context, four programs were evaluated according to 13 different criteria. Expert opinions and classifications in the
literature were utilized in the determination of the evaluation criteria. These criteria were supplier firm and purchasing, ease of use, adaptation,
technical infrastructure and support. Within the framework of these criteria; Atlassian-Jira, HP-PPM, IBM Rational Request, and Microsoft TFS
were evaluated as alternative tools. The weighting of the criteria using the AHP method were determined using Microsoft Excel.

In a study by Al-Qutaish et al. 46, the AHP method was used to manage the selection process of open-source software according to the ISO
9126-1 standard related to a set of six quality characteristics: functionality; reliability (R); usability; efficiency; maintainability; and, portability.
Zaidan et al. 47 presented open-source electronic medical record software packages selection approach based on the AHP and TOPSIS methods.
The results of the study showed that GNUmed and OpenEMR software had the most high-ranking scores when compared to other open-source
EMR software packages.

All in all, the software process metrics in improving software quality is important to understand, as well as the cost of applying unnecessary
metrics. Moreover, end-users themselves should be included in the metric selection, efficiency improvement and related activities 48. However,
software development process metrics are presented as a generic structure by the software process tracking tool. Also, there are several metrics
add-ons on offer for the Scrum process metrics as sub-group kit products. It is a difficult and complex issue deciding which add-ons to use because
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the process is known to be affected by multiple criteria such as the type of software being developed, the development process model, the
experience of the software developers, the domain of the project, and its duration. Therefore, a systematic selection process is needed as a solution
to this multi-criteria problem.

To determine how well a multi-criteria decision method suits the needs of an organization, we can utilize mechanisms that use hierarchic or
network structures. There are a set of approaches to representing a decision problem and consequently definemeasurable goals that have appeared
in the literature, such as the (i) Quality Function Deployment approach 49, which is a multi-level evaluation framework for product risk analysis, (ii)
the Goal QuestionMetric approach 50, which is for defining and interpreting operational andmeasurable software by refining a set of questions into
metrics, (iii) and the Software Quality Metrics approach 51 propose a formula to align quality metrics to ensure all products and the source codes
are in high quality. However, neither of these mechanisms provides the same framework characteristics by quantifying its criteria and alternative
options (e.g., priority scores of the elements). This capability distinguishes the AHP from other decision-making techniques.

3 RESEARCH METHOD

First, the issue of appropriate software development process measurement component selection was determined. Then, a survey was applied to
the study group. To ensure the validity of the findings, we visualized the data and utilized descriptive statistics. A reason for this is that we should
conduct the survey only with the software team. To help mitigate the effect of the relatively the small sample size, we added semi-structured
questions to optimize the study features by focusing on the most critical parameters.

After that, the AHP method was implemented with the contribution of the expert group. The priorities of both criteria and alternatives were
then evaluated. Finally, the highest priority alternative was selected as the final decision. Figure 1 illustrates each step of the case study process.

FIGURE 1 Case study process steps

A list of software process metrics that are deemed appropriate to the Scrum software development process was constructed based on:
• The tool of the Scrum issue and the project tracking software, which has nine software process metrics by default.
• Various Scrum process metrics that can be integrated into the tool as an add-on to the Scrum issue and project tracking software.
• How users can customize the Scrum process metrics with the help of any available add-ons.

Study group: The study group consists of project software developers who take responsibility as developers of the software during the develop-
ment process. This group was selected because they understand the corporate culture, the software development process, are aware of the things
they are doing well or any problems, and have significant experience in the software development domain. Expert group: The expert group con-
sists of employees who have at least 5 years’ experience in software development. Group members have titles such as Team Leader, Unit Manager,
Coordinator, and/or Chief Scientist. Also, this group has the primary decision-making responsibility for the software development process.

A software development process meeting was organized in the unit where the study was conducted. The participants were informed about
the process metrics survey. Both the study group and the expert group participated in the meeting, and were asked to review the list of software
development process metrics and to report their preferences through completion of the survey. Customized process metrics could be suggested by
the participants when completing the survey as indicated at the first meeting with the study group. In addition, the participants were informed that
demographic data about their years of work experience, experience domains, graduation departments, and their working units would be collected
within the survey.
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Criteria Meaning

Relevance (to collect process metrics) Reflects the relationship between process metrics and the metric tool.
Experience Degree to which the metric tool has been used and recognized.
Correctness Assessment based on a tool’s objectivity, justness and precision. Objectivity: input and results cannot be easily influenced. Justness: no specific

result should form part of the metric tool. Precision: tool measures to a precise degree.
Practicality Required and relevant to both development and improvement.
Feasibility Usability Assessment of a tool based on three conditions: Understandability of all formulae in the tool should be high; data collection should be easy; and,

evaluation of the metric’s results should be convenient.
Functionality The metric tool should meet technical requirements, with a high number of essential process metrics, advanced level strength of visualization and

reporting mechanism.
Adaptability Portability The metric tool can be integrated to the process methodology. It should be considered as portable and easy to integrate in a minimal time to the

software development process management tool.

TABLE 2 Software process metrics add-ons evaluation criteria

The survey was prepared using Google Forms as a template to create the survey. Additionally, data collected via Google Forms could later be
converted into graphical format. The survey schedule was announced to the participants 7 days in advance of its application. The results were
grouped and associated with the demographic data collected from the participants. The findings obtained from the survey were then presented
graphically to the expert group. Reduction of the criteria and the alternatives was conducted by the expert group according to the results of the
survey.

The survey results were grouped and associated with the demographic data collected from the participants. The findings obtained from the
survey were then presented graphically to the expert group. The analytically processable format of the collected data was converted to graphical
form as pie charts and bar graphs using Google Sheets andMicrosoft Excel. The aimwas that the expert groupwould be influenced by the pie charts
and histograms in determining the criteria related to the AHP method in evaluating the alternatives. Reduction of the criteria and the alternatives
was conducted by the expert group according to the results of the survey.

In determining the software development process metric add-ons, consideration was given to the ability that add-ons could be integrated to the
Scrum software development process tool used by the company at which this industrial case study was applied. The market for the Scrum issue
and project tracking software was then examined, and a list of 66 products was identified as potential add-on applications. Each product was then
examined according to the following:

• Technical specifications and capabilities (types and number of process metrics);
• Usage rate in the market;
• Scoring rate in the market.

While some of these characteristics were found to be primitive, and certain products only offered a few metrics, some offered a comprehensive
process metrics service. Considering the suggestions of the developers, an advanced add-on product that included metrics beyond that of the nine
core process metrics was deemed preferable.

The alternative add-on products were compared and their functionalities considered based on requirements suggested for software developers’
process metrics. Each alternative product was then examined according to the following:

• Technical specifications that meet the requirements;
• Accessibility and availability;
• Includes visualization and/or report mechanisms.

The literature included several criteria for metrics tools. It was observed that software process metrics tools aim to increase market sales by
highlighting these criteria, and that important criteria were emphasized within the technical documents of each metric tool (see Table 2)

While evaluating the software process metrics, robustness, simplicity and cost-effectiveness were seen as the key parameters. This is because
the processes are defined according to systematic and powerful procedures. Each process was found to have been described quite simply. Finally,
it was emphasized that the processes should be cost-effective. The following criterion group was then used in evaluating the tools offered for the
software development process metrics.

The expert group performed the reduction process by considering the results of the survey. After that, the criteria and alternatives list in the
AHPmethod were finalized. Reliability of the reduction operation was assessed by using Cronbach’s alpha method. It is represented by a numerical
value between 0 and 1 in terms of a reliability scale.



8 Nesib TEKİN et al

Expert Experience (years) Project role

Expert 1 16 Coordinator
Expert 2 6 Project Team Leader
Expert 3 19 Software Test Unit Chief
Expert 4 13 Software Simulation and Mission Planning Unit Chief
Expert 5 13 Embedded System Unit Chief
Expert 6 15 Software Architecture Design Unit Chief

TABLE 3 Expert Group Information

Table 3) presents the experience and project roles of the expert group. The group consisted of a Software Development Group Coordinator,
four Unit Chiefs from software development units, and one Project Team Leader.

3.1 Multi-Criteria Decision-Making and the AHP Method

Decision-making is a phenomenon which occurs throughout life. Generally, decision-making is an assessment of the most appropriate option or
a set of alternatives which depend on a metric and are oriented to at least one purpose inside a cluster of alternatives. This process includes the
decision maker, alternatives, criteria, environmental factors, the needs of the decision maker, and the results of the decision. The decision-making
process ends with the selection, ordering or classification between existing alternatives. In the current study, multi-criteria decision-makingmethod
was employed to identify the correct decision 52. Multi-criteria decision-making (MCDM) is a decision process which allows the use of at least two
criteria from within a cluster drawn from a countable (finite) or uncountable set of alternatives.

The Analytic Hierarchy Process (AHP) is a method based on basic math and psychology and which was founded by Thomas L. Saaty in 1980
in order to solve complex economic, social and technical problems 23. AHP is an intuitive and logical scrutinized approach to decision problems
between elements based on complex relationships. It provides a simplified method to assess hierarchical structure 53, and is dependent on inferior
criteria affecting superior criteria. Therefore, the degree of effect between criteria needs to be determined 54

The steps of the AHP method are as follows 24.
Step 1: Definition of decision problem
The first step is to assess that the decision-making problem has been expressed clearly. The problem should be determined as appropriate or

inappropriate to AHP based on a literature review, experience, and expert opinion. After determining the suitability of a problem to AHP, it can be
divided into sub-problems. Then, each sub-problem can be resolved in order that an overall solution can be obtained.

Step 2: Creation of hierarchy structure
Hierarchy is represented by at least three levels in AHP. The goal, or purpose, is situated at the top level of the hierarchy. In the middle level

are the main (primary) criteria, followed by any secondary criteria under the main criteria. At the lowest level are the alternatives. A three-level
hierarchical structure is illustrated as shown in Figure 2.

FIGURE 2 AHP hierarchy structure

Step 3: Forming the matrices of pairwise comparison of criteria
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Matrices of pairwise comparison is a significant step for AHP after creating the hierarchical structure. A score scale should be used as proposed
by Saaty (see Figure 3) in forming these matrices.

FIGURE 3 Saaty Importance Scale

Criteria should be compared in order to determine the degree of importance of each criteria to be used when comparing alternatives. Com-
parisons should be performed by experts. According to the scoring scale (see Figure 3), comparison matrices are then formed by making pairwise
comparisons between sets of criteria.

Step 4: Calculation of priority vector (W)
After forming the matrix of pairwise comparison, the priority vector (W) is then calculated. This shows the priority of each element in the matrix

relative to the other elements. In order to normalize a matrix of pairwise comparison, each element is divided by summation of its column.
Step 5: Calculation of λmax and consistency index (CI)
Consistency index (CI) should be calculated by the decision maker in order to establish that the matrix of pairwise comparison, which is formed

from values determined by comparison between criteria, is deemed to be consistent or inconsistent.
Step 6: Calculation consistency rate (CR)
The value of the random consistency index (RI) is required in order to calculate the consistency rate (CR).
Platform: Super Decisions software (version 2.10.0) was employed in order to implement the AHP method in the current study. This software

provides the calculated weights and compares pairwise alternatives and criteria.
Information related to the process metrics was collected by way of the survey method, applied to the software developers. The survey provided

all the necessary informationwithout participants being affected by each other, and then their preferenceswere grouped. The structure of the study
and the expert group was defined. The results of this industrial case study are presented in the next section. Results are also visualized through the
use of graphs so as to aid better understanding of the findings. The findings are presented along with comments to support the graphical results.

4 RESULTS

Twenty eight software practitioners who work in four different units namely Embedded Software (n=10), Software Simulation (n=7), Software
Testing (n=6), and Software Architectural Design (n=5) were chosen as study group members for the study (see Figure 4 shows the working units
of the study group members).

The results of the selection process identified in participants responses are summarized in Figure 5. Looking at Figure 5, it is apparent that Cumu-
lative Flow Diagram was the most (selected by 15) software development process metric among the all other options. Not surprisingly perhaps,
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FIGURE 4 Study group by working unit

Most software development process measurement components were observed to contain the Cumulative FlowDiagram and Burndown Chart met-
ric options. In fact, the majority of the selections made by the study group can be covered by the software development process metric providers.
The three process metric options namely Burndown Chart, Velocity Chart, and Burnup Chart were selected more than 10 of the participants. It
is visible from this figure that options Team Status, Estimate Accuracy, Control Chart and Sprint Report were selected by 10 of the participants.
The Blocked Issues Chart and Contribution Chart are marked with an asterisk symbol (“*”) because they were additional options added by the
participants. Potentially Deliverable Scope and Feature and Epic Progress were each selected by only one study group member.

FIGURE 5 Selection frequency of process metric options (adopted from 25).
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The add-on products that can be integrated into the software development process management tool used by the TÜBİTAK SAGE software
development group were evaluated. It is known that the global marketplace of the tool includes 66 add-on products for software process metrics.
Some of these add-on products are considered primitive or are highly specific products that offer only a few metrics, whilst some offer a more
comprehensive processmetrics service. The tool currently used for software development at the company in this industrial case study provides nine
common process metrics. Considering the varied suggestions made by the study group members, it is understood that the current tool contains an
insufficient variety of process metrics. Moreover, it is seen that advanced add-on products that offer preferred process metrics were seen as useful
by the study groupmembers. As a result, user reviews in themarket, user ratings, and software development experts’ opinions identified alternatives
for four add-on products. The alternatives were determined from feedback of the expert group. Here are the four alternatives (i) Actionable Agile1,
(ii) SenseAdapt Agile2, (iii) Screenful3, (iv) Predictable Agile4 with the determined criteia (1) Feasibility & Usability, (2) Functionality, (3)Relevance,
and (4) Experience.

After completion of the criteria evaluation by the expert group, Cronbach’s alpha value was calculated on the results of the evaluative process.
MedCalc5 , which is a statistical calculation software, was used to measure the internal consistency of the results. The internal consistency value
was obtained as .81. The mean of the value represents a good level of internal consistency. Also, the error variance of the evaluation results was
calculated as being .35. According to Cronbach’s alpha value and error variance, which was obtained by performing different calculations, the
evaluation process of the study that took place with the expert group, and particularly that of the reduction process, was found to be satisfactory
in terms of its reliability. Therefore, the proposed selection method can be generalized to other problem domains to a level of statistical confidence.

The hierarchical structure was established between the criteria and the alternatives. Figure 6 presents the AHP hierarchical structure of the
software development process measurement component selection.it shows the hierarchical structure of the criteria and alternatives determined
for the selection of software development process metric add-ons.

FIGURE 6 AHP hierarchical structure of component selection

The decision matrix was created by using the Super Decisions program. The Relevance criterion had the highest weight value of .492, followed
by the Experience criterion with a weight value of .225, the Feasibility and Usability criterion with a weight value of .170, and the Functionality
criterion had the lowest weight value of .112. As a result of the matrix, weights for each of the alternatives were obtained. Alternative-1 had the
highest weight with a normalized value of .402, Alternative-3was secondwith a normalized value of .236, Alternative-2was third with a normalized
value of .188, and Alternative-4 had the lowest weight with a normalized value of .173.

While selecting project management tools in the literature, plug-ins were selected as a software component that could strengthen the process
management tool according to the current study. The AHP approach was also considered applicable to the current study, together with the studies
of Sureshchandar and Leisten 38, Sharma et al. (2015), Sagar et al. 35, Ömürbek et al. 37, and Al-Qutaish et al. 46. In the current study, the criterion of
Usabilitywas based on Ease ofUse, as determined by Sharma et al. 35; the Experience criterionwas based on Likely Understandability, as determined
by Sagar et al. 36; and the Maturity Level criterion was based on the study of Sharma et al. 35. The Functionality criterion was determined by the
expert group based on the Technical Infrastructure criterion, as determined by Ömürbek et al. 37, and the Functionality criterion, as determined
by the works of Al-Qutaish et al. 46 and Zaidan et al. 47. Unlike these other studies, the current study considered that the high prioritization of the

1https://actionableagile.com/2https://ripplerock.atlassian.net/wiki/spaces/SEN/overview3https://screenful.com/tour4http://agilemontecarlo.com/5https://www.medcalc.org/
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Relevance criterion has a likely effect on study group cooperation. In contrast to the other studies in the literature, the contribution of the study
group was highlighted within the evaluation process of the criterion pool by the expert group in the current study.

In this industrial case study, a strategic planning tool was constructed to explore the potential criteria for selecting software development process
metrics. The objective of this study was to present a tailored process where a saturation on the multi-criteria decision-making can be achieved, and
thereby metric selection can be conducted more effectively. Due to the iterative nature of the study structure, this was done by a decision analysis
method (AHP). Cumulative Flow diagrams and Burndown Chart were found to be the most preferable among all the proposed metrics, which
concurrently provided by nearly all candidate process measurement components. To evaluate the criteria in each iteration, we added more experts
to review the landscape. The experts selected for this study confirmed that the software practitioner’s preferences were relevant. However, there
were some contradicting ideas reported by the experts. Firstly, the expert had a disagreement on the computational requirement when using AHP,
even for a small problem. In addition, AHP was reported to be based on probability and possibility measures. Consequently, an expert reported
that the approach might have a subjective nature, highlighting that the decision cannot be guaranteed to be perfect. Lastly, a reviewer confirmed
that if the level hierarchy in our model increases, the system complexity increases drastically, i.e., the number of pair comparisons would ultimately
increase.

4.1 Threats to Validity

Yilmaz 12 described “threats to validity” as one of the leading factors that can decrease the usefulness, trustability, and correctness of a study.
The following methods used for mitigating threats to validity are discussed under the following headings as Internal Validity, External Validity, and
Construct Validity.

Internal Validity: It was shown that the expert group properly completed this process in terms of its validity, with adequate time and opportunity
afforded to them in order to make their selections. In order to prevent the participants of the study group from being influenced by each other
during the interpretation of the survey results, separate interviews were conducted in separate environments. Throughout the study process, the
measurement instrument remained unchanged.

External Validity: Throughout the study process, the participants and the study setting, such as the software unit, remain unchanged. The study
group which was determined in the initial phase of the experiment was kept the same through all steps of the process. Only professional software
developers were selected as members of the study group. In addition, only those with at least 1 year of professional experience were included in
the study. The study was conducted using a survey which included multiple answering options. Metric preferences were not only performed using
multiple-choice question types. The study group was able to make their own suggestions through an open-ended part of the survey.

The AHP approach was not applied with only one single expert. The opinions of six different experts were collected, as well as criteria in the
literature evaluated in their determination. The selection of the criteria was based on majority opinion among the study group and expert group.
Evaluation of the criteria and the alternatives by all members of the expert group increased the reliability of the process. In other words, the same
method was applied by more than one expert. A more reliable result was also ensured by calculating and applying the mean result across the whole
group of experts.

Construct Validity: Qualitatively, the evaluations made by the researcher and of the study’s participants were checked to see whether or not
they shared similarities in their interpretations of the survey results. Quantitatively, the internal consistency of the assessment was checked using
Cronbach’s alpha in order to measure the reliability of the criteria reduction operation.

5 CONCLUSIONS

A systematic process was followed in the present study for the selection of software development process measurement components, which
is generally considered to be a complex issue. In this context, a selection approach in which the software team was included in the selection
process was proposed, together with collaboration across the team. This approach was taken in accordance with the characteristic structure and
requirements of the company, the projects being undertaken, and the software development team in place. A systematic process was followed
in order to achieve more objective and accurate decisions. As a result, the software development process measurement component selection
performed was deemed to be both appropriate and suitable.

This study used an industrial qualitative case study approach based on the AHP method, which was adequate for dealing with decision-making
situations, especially with uncertainties within the institution, the projects, and the software development team proposed metrics. The method
of AHP improves the strategic planning processes, which can also be considered as a tool for communication, especially where multiple decision-
makers are involved. The study results demonstrated the importance of the Relevance criterion discovered as the most serious concern by the
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software development team. Due to its simplicity and ability to deal with qualitative and quantitative criteria, it is well-suited to deal with the
factors considered by the study group’s members.

Consequently, the expert group assessed the collected results of the process metrics. We confirmed that the decision-making expert group
was inclined to highlight the importance of the Relevance criterion. However, during the second iteration, it was observed that experts agreed to
accept the second priority as the Experience criterion. Furthermore, it was documented that group members voted equally for the Functionality
and the Feasibility and Usability criteria.

According to our experiences from this study, the use of AHP analysis was promising. Making comparisons forces the expert group to reexamine
the weights of the factors and analyze the situation more accurately and with increased intensity. In light of this remark, a rigorous process to
assess available alternatives was determined. For example, Alternative-1 was prioritized as the most preferred with 40.26%. However, it was
previously observed that much managerial decision-making is based on subjective judgments instead of the outcomes of systematic planning. Also,
it is important to note that expanding the presented formulation to cover a wider range of expert groups to introduce their ideas could benefit the
planning process.

The process of evaluation by the expert group was shaped based on human perception, which may initially have difficulty in focusing on discrete
evaluation and discrete criteria. In the alternative evaluation process, alternatives are usually reviewed, and dominant alternatives are determined
for one or more reasons. In the current study, it is considered that the expert group evaluated the criteria pool based on their perceptions in a
holistic way, or that the focus on a single alternative for a particular reason was broken. For this reason, a selection process was conducted by
considering the problems and requirements of the study group during the implementation process.

The present study was designed to determine the effect of the multi-criteria decision-making process, mainly using the AHP method to select a
set of software metrics components suitable for a software domain. These results suggest that the contribution of the software development team
directly supports selecting an efficient set of software metrics components. Although the current study is based on a small sample of participants,
the findings suggest that using relevant software metric components would undoubtedly improve software development productivity in the near
future. With a small sample size, caution must be applied, as the findings might not be transferable to other Scrum landscapes.

Although the study has successfully served as an example of the AHP method being preferred when systematic decision-making is required
in the field of software development, it has certain limitations in terms of size. The present investigation was specifically designed to evaluate
factors derived from a single software company. Therefore, these results may not be applicable to all situations. Further research might explore
the applicability of the AHP method in software planning. This would result in new alternative resource allocation approaches from practitioners’
viewpoints and likely to include more diversity in the planning process.
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