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Abstract

Agile has solved traditional methodology issues, including rework, high change costs, performance, and
reuse. As technology advances, projects are getting more complicated and dynamic, providing new
problems for development organizations in adapting agile approaches to their needs. Planning, Risk
Assessment, Designing, and Modeling; Development; Quality Assurance and Testing. So every stage of the
SDLC has issues. Initially, Agile was designed for small projects. Its utility led organizations to employ it
in large-scale software development. Large-scale agile projects are also tricky. Software metrics assess the
development process's health. Practitioners do not use SDLC metrics despite their benefits, which is an
issue. These findings highlight emerging hybrid, customized agile techniques and identify research gaps in
agile software development. A lightweight, integrated agile framework is presented to address the issues
raised based on these issues. Most of the suggested framework's effective practices use metrics. An
industrial-scale project and a published case study demonstrate the framework's effectiveness. The findings
support the proposed framework. Any organization can use the proposed framework to save time, effort,
and money while generating a quality product.

Keywords: Agile Framework, Software Quality, Testing, Software Metrics.

Introduction

Software’s are now cover virtually all field of study, i.e., physics, chemistry, bio, and various platforms,
i.e., desktop, mobile, web. Advance states rest deeply on these sorts of applications for their ordinary tasks.
As a result, these applications reduced cost, effort, and Time in performing heavy, complicated tasks that a
human could not function. In the current modern era, software engineering is one of the dominant fields,
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and its branches are spread across different fields of life. Software organizations are developing new
processes and techniques to deliver the best software. Software is considered successful if it fulfills the
customer’s needs, completed within the estimated budget and schedule (Fitzgerald & Stol, 2014).

Software Development Life Cycle (SDLC) is a process, order of steps, or actions to develop software
products. The most common activities include planning, designing, development, and testing. In the past,
organizations used the traditional method for developing software, usually known as the waterfall model. It
is a sequential development model where the next phase starts after completing the current stage, and once
a degree begins, there is no way to turn back to the previous step. Among many problems, some issues
highlighted were related to the rework cost, detecting faults, customer involvement, performance, and
reusability (Kumar, 2014).

Agile came into being with four standards and 12 principles to cope with the problems of traditional models
of sequential development. Due to its adaptive, flexible nature, it has become foremost in the industry. As
agile became the center of focus for the industry, more and more research on agile had started. Researchers
started working on agile transition (Hoda & Noble, 2017), (Hussain et al., 2021) its different flavors (Nerur
& Moe, 2012), addressing various organizational issues (Stavru, 2014), guidelines, and enhancements for
old and new organizations (Sampietro, 2016).

All agile related research is for the three groupings of people in the industry: Supporters, who solely adopt
elegant in a pure form; Tailors, who mix elegant and traditional strategies to fit their specific conditions;
and Dilettantes who employ a few ceremonial agile activities together with a conventional approach (Cram
& Newell, 2016). Different agile methodologies exist to address the progressively complex nature of
modern software. These include Scrum, Feature Driven Development, eXtreme Programming, and others.
Instead of one agile methodology, organizations prefer combining two or more agile methods to fulfill their
needs. Hence, their customers get more excellent value instead of waiting for months of its completion
(Chauhan et al., 2017)

Some Agile policies are considered as heavyweight and others as lightweight methodologies. In the last 15
years, researchers put their attention towards customization and integration of agile methodologies because
methodologies influence the cost, schedule, risk of the project (Chauhan et al., 2017) As further
organizations started approving agile, they challenged several issues, they faced several issues (Sridhar
Nerur et al., 2005) including documentation (Voigt et al., 2016), risk management (Albadarneh et al.,
2015), requirements (Alam et al., 2017; Jensen, 2017; Miler & Kajdy, 2018), design (Miler & Kajdy,
2018), development (Rauf & Alghafees, 2015), scaling (Jensen, 2017), and quality (Voigt et al., 2016)
(Juliana Medeirosl, Alexandre Vasconcelos2, 2015). The focus of this research is to take a step in
resolving these issues.(Hussain et al., 2021).

Literature Review

Software organizations are developing new processes and techniques to deliver the best software. Software
is considered successful if it fulfills the customer’s needs, completed within the estimated budget and
schedule (Fitzgerald & Stol, 2017). Software Development Life Cycle (SDLC) is a process, order of steps,
or actions to develop software products. The most common activities include planning, design, develop and
testing. In the past, organizations used the traditional method for developing software, usually known as the
waterfall model. It is a sequential development model where the next phase starts after the current stage,
and once a phase begins, there is no way to turn back to the previous step. Among many problems, some of
the issues highlighted were related to the rework cost, detecting faults, customer involvement, performance,
and reusability (Kumar, 2014).

Agile came into being with four standards and 12 principles to cope with the problems of traditional models
of sequential development. Due to its adaptive, flexible nature, it has become foremost in the industry. As
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agile became the center of focus for the industry, more and more research on agile had started. Researchers
started working on agile transition (Hoda & Noble, 2017), its different flavors (Nerur & Moe, 2012),
addressing various organizational issues (Stavru, 2014), guidelines, and enhancements for old and new
organizations (Sampietro, 2016).

All agile related research is for the three groupings of people in the industry: Supporters, who solely adopt
agile in a pure form; Tailors, who mix agile and traditional strategies to fit their specific conditions; and
Dilettantes who employ a few ceremonial agile activities together with a conventional approach (Cram &
Newell, 2016).As a result of emerging technologies, developers must strictly adhere to a development cycle
that will benefit them in timely delivery, feature complexity, platform compatibility, and target market. As
a result, the software engineering approach is undeniably an important stage in developing mobile
applications. The researchers proposed an Agile Approach based on Scrum Methodology, Extreme
Programming, and Feature-driven Development in this study.(Wang et al., n.d.)

This research chose the Scaled Agile Framework (SAFe), one of the industry's most widely used Agile
methods. They conducted a qualitative case study to identify potential intervention points within SAFe that
are most natural for addressing and integrating human values in software. We present five high-level
empirically supported sets of SAFe interventions: artifacts, roles, ceremonies, practices, and culture. We
explain how some existing Agile artifacts (e.g., user story), roles (e.g., product owner), ceremonies (e.g.,
stand-up meeting), and practices (e.g., business-facing testing) in SAFe can be modified to support the
inclusion of human values in software (Rafi et al., 2015) (Hussain et al., 2021).

Table 1 Strengths and Weaknesses

Year Methods Models Strength Weakness
2014 | XSR(Gul Scrum, | e Lightweight Methodology Unclear how to do thigs
Ahmad, XP,RUP | & Flexibility of enhancement Quality is not addressed
Tariq e Fully Iterative Model Relying solely on the
Rahim activities  of  parent
Soomro, models
2014) No validation performed
2015 | US-Scrum Scrum, e Addresses certain  quality Doesn’t measure quality
(Rafi et al., FDD attributes Smaller teams cannot use
2015) e Object-Oriented  Analysis, it
Design Too many roles
No Coding Practice
suggested
Quality is not measured
No validation of the
model
2018 | L-Scrumban Lean, e Improve development Separate boards
(Abdullah Scrum, | e  Eliminating waste 5 tools were utilized for
Albarq & | Kanaban | e Practical Approach 1 methodology
Qureshi, e Visual Board Too many meetings
2018) e Validated Model The team identify types
of requirements
No progress showing to
the customer
2016 | SCR-FDD Scrum, e Scheduled delivery No Testing mentioned
(Tirumala et FDD e Maintaining quality No clear implementation
al., 2016) e Validated No explicit flow of the
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model

Requirement  gathering
and management not
clear

Depends solely on parent
practices

Expertise required

2014 Enhanced | Scrum, XP | e  Guidelines for implementing | ¢ Solely  used  parent
Scrum Scrum and XP are provided practices
(Darwish, e Validated e Complex
2014) e  Expertise required
e lLack of addressing
Scrum, XP issues
completely
2017 XScrum Scrum, XP | e  Improves Scalability e Eliminating 40-hours
(Jameel e Makes it usable for Distributed | ¢  Complex
Qureshi, teams e No-Risk assessment
2017) e Improve Efficiency, | ¢  Expertise Required
Productivity e Large Teams only
e Validated e Heavyweight
e  Quality improved Methodology
2012 Hybrid Scrum, XP | e Incorporate management and | ¢  NFR’s not addressed
(Mushtag & development practices e  Quality wasn’t
Qureshi, e Validated Model considered
2012) e Lightweight e Feasibility, estimation
o Clear guidelines for wasn’t done
implementation e Vast scope
2018 C&C Scrum e Communication, Coordination | ¢  Quality not maintained
(Qureshi et improved e Communication channel
al., 2018) e Validated Model not clear
e Lightweight e Large teams only
e Other factors remain
untouched
2017 IScrum Scrum e Lightweight e Not Validated
(Ashraf, e  Enhance visibility e  Automated
2017) e Documentation documentation can
e Increase team performance decrease problems
e Applicable for large
teams
e Role of Technical writer
needs improvement
e Quality isn’t considered
2015 eXSRUP XP, e Management, Development | ¢ Complex
(Sharma & Scrum, practices e  Expertise required
Wadhwa, RUP e Plandrove + Agile e Quality not addressed
2015) e Lightweight e Suitable  for large
projects
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Methods covering Highlighted Challenges

The next table highlights which of the reviewed methodologies tried to address the challenges highlighted
in this research. The column names of the table are as under:

D = Documentation, R = Risk Assessment Mitigation, RE = Requirement, DE = Design, DEV =
Development, S = Scaling, QA = Quality

Table 2: Proposed Solution Addressing Highlighted Issues
Method Name D R RE DE DEV S QA

XSR (Gul Ahmad, Tarig Rahim Soomro, = s s = = >
2014)

US-Scrum (Rafi et al., 2015) (Gul Ahmad, v
Tarig Rahim Soomro, 2014)

L-Scrumban v v
(Abdullah Albarg & Qureshi, 2018)

Tailoring for agile (Uikey & Suman, 2016) v v v
SXP (Anwer & Aftab, 2017) v v

SFDD (Nawaz et al., 2017) v
SCR-FDD (Tirumala et al., 2016) v
Hybrid Agile Model (Almasri, 2016) v
Enhanced Scrum (Darwish, 2014)

XScrum (Jameel Qureshi, 2017) v
SFDD (Firdaus et al., 2014) v v
TXP (Anwer et al., 2017) v

Hybrid (Mushtaq & Qureshi, 2012) v v

C&C (Qureshi et al., 2018) v
IScrum (Ashraf, 2017) v v
FDRD(Thakur & Singh, 2014) v o v

FDMD (Filipe et al., 2015) v

eXSRUP (Sharma & Wadhwa, 2015) v
eXRUP (Rasool et al., 2013) v v v

DXPRUM (Fahad et al., n.d.) v v v

AN

Methodology

In this part, we'll go through the suggested structure. The suggested solution is shown graphically in the
first section. Once the actions done in each step of the framework have been represented in a table format, a
more detailed picture of the framework may be seen. There's also a brief explanation of each activity.
Feature-based Quality Enhanced Agile Framework

In this research, to meet the research issues, the suggested framework incorporates a variety of practical
activities within the lifecycle of the agile framework. Let's first have a look at the framework's visual and

tabular representations:

The following is a breakdown of the model's key components. Agile approaches such as Scrum and Kanban
are used to implement these principles. Feature Assignment is similar to class assignment in the Feature
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Driven Methodology. XP includes several development-related activities. The following is a breakdown of
the suggested methodology's key elements.

Visual Representation
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Figure 1: Visual Representation

The suggested framework is shown in the picture above. It's a lightweight, customizable, and extensible
framework that may be easily integrated. It begins with the project planning stage, which includes domain
modeling, estimates, team selection, and creating a feature list based on the client's requirements. A
prioritized feature list is then used to choose a set of features for the Sprint. The first step in a sprint is to
study the product's characteristics thoroughly. The parts are then created, tested, and refined. After a certain
number of days, the Sprint is completed, and a release is sent. It may be installed on the end-users'
computers or on hosting servers as a service. The next Sprint begins if the feature list contains more items

or the project is considered complete.

It's possible to see all of the suggested framework's actions in this graphic form.

Plan
. i Develop
Customer qulaborahou | . Deploy Tes

+ Team Selection + Customer Collaboration Test : :

+ Domain Modeling & Architectire + Featire Analysis & * Dotellng Packagmg, |
) + Documentation v Desim + Integration Testing Configwrng, Release | FInish
8t )+ Feature List Preparetion 4+ Codag + System Testing Netw

+ Risk Assessment v Testing v Acceptance Testme

+ Training + Sprint Related Activities

+ Development Tools Selection

Sprint Cycle
Figure 2: Visual Representation
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Tabular Presentation
The following is the tabular presentation of the components of the proposed model:

Table 3: Tabular Representation

Plan

e  Customer Collaboration e Team Selection
e Domain Modelling e Documentation
e Architecture e Risk Assessment
e Feature List Preparation e Tools Selection
e Training
Development e  Customer Collaboration o  Feature Analysis
e Design e Coding
e Testing (Unit, Integration) e Sprint Related Activities
e Documentation (Domain Modeling)
Test e Test Case Management e Unit Testing
e Integration Testing e  System Testing
Deployment e Packaging e Installation
e Configuring o Release Notes Building
e  Acceptance Testing
Assessment e |teration Goal Assessment e Resolve Issues
e  Optimize Resources e Feature Marking
e Update (Feature List, CodeBase, e Next Iteration Goal Setting
Documents) e Change Management

Overview of the Case Studies

After reviewing the proposed agile solutions by various researchers, it becomes clear that most of the
proposed agile methodologies weren’t validated through the development of real-time projects that’s why
their strengths and weaknesses cannot be judged. Only a few proposed solutions were validated using
projects, but those are small to medium range products. Two case studies are taken to validate the proposed
framework. The first case study was developing a product using the proposed framework. “Netsol Financial
Suite” was built and then compared with previous system versions. The developed product is proprietary
software; that’s why its detailed information is not sharable. The developed project is currently running in
Canada. Another case study was taken from literature where the author proposed an agile methodology and
compared the proposed method with a real-time telecommunication project. That project was a medium-
scale project. A detail of that case study would be available in the case study 2 section.

Validation

Proposed solutions were validated using projects, but these are small to medium range products. Two case
studies are taken to validate the proposed framework.

Case Studyl

This case study was the development of a product using the proposed framework. “Netsol Financial Suite”
was built and then compared with previous system versions. The developed product is proprietary software;
that’s why its detailed information is not sharable. The developed project is currently running in Canada.
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Netsol Financial Suite (NFS)

Netsol Technologies is the biggest IT Company in Pakistan, with more than 2500 employees all over the
globe. Its products are working in more than 12 countries. NFS is their main product, a lease, and finance
software for companies. It is used by several big Lease and Finance firms in the world. This product
usually works based on dealer company relationship like Toyota Motor Corporation is a Japanese
automotive company with many dealers in many countries. Netsol provides a single solution (combination
of 6 applications) to handle the business between these two people.

NFS Application Selection

The proposed framework is evaluated on NFS development. The main goal of this development was to
restructure the product's architecture to improve its performance and equip the product with the latest
technological advancements. The two applications, Point of Sale (POS) and CMS (Customer Management
System) of NFS out of six, were mainly targeted because these two applications handle 80% of the
business.

NFES Versions over the Years

NFS has produced three versions over the years with different tech sets to evolve and meet new
functionality of lease and finance. The table below shares the details of all those versions.

Table 4; NFS Versions

Versions Technology Duration SDLC Team Size
R1 Power builder, SQL Server 1 Year Waterfall 200+

NFS 1.0 WPF, Silverlight, SQL Server 1 Year Customized Scrum 150+

NFS 2.0 MVC, WPF, SQL Server 1 Year Disciplined Agile Delivery 100+

R1 was the legacy system, after its success, the project directors decided to move the technology to some
latest one, this technology move costs Netsol 1 Year, same is the case with rest of the versions. It was a
necessary move by Netsol as it’s the only ISO and CMMI Level 5 certified Software Company in Pakistan.
So, they need to update their processes, toolset, technology stack, people skillset to satisfy their worldwide
clients, meet the standards set by the international standardization bodies. The researcher group at the
company suggested the project directors update the system with the latest trends, and then they started
thinking about updating from revamping their existing system. The company had already lost money due to
investment in Java Technology; that’s why they weren’t ready to take this risk with so much investment.
They asked one of their senior project managers to form an R&D team to make it happen without losing
anything.

Empirical Analysis of the Case Study

The data is collected from four sprint releases. All the metrics as discussed in chapter 6 were applied. A
comparison is made with the previous versions available. All the results are discussed within phases
because of ease of understanding. The next sections will provide measures about the various metrics.

Team

A total of 27 people was selected for the framework to implement as the selection criteria defined in the
methodology section. They have strong knowledge of the domain as well as the technology stack. The team
sizes selected in previous versions were huge because the people were new in the field and the processes
involved in development. That’s why they took too much time to implement the system. See the graph to
understand the difference in team sizes better when developing the NFS system over the years.
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Table 5: Team Selection

Role Size | Description

Project Manager 1 Plan, Budget, Monitor the progress and satisfy the upper
management

Team Lead(s) 2 Responsible for preparing a building plan within the

allocated timeline, distributing the work to the team
according to their skills, and following up on their

progress.

Quality Assurance 4 Responsible for testing the developed solution that it works

Software Engineer(s) 5 Responsible for building the solution that the customer
needs

Sr.Software engineer(s) 6 Capable of handling complex tasks without any
supervision.

Pr. Software Engineer (s) 4 Responsible for smart resource utilization and meeting
strict deadlines.

Business Analyst(s) 5 Responsible for guiding, directing the resources regarding

business concerns and keeping them safe from distractions.
Represents customer needs.

This table shows the selection of teams and their size and plans accordingly. Teams assign their role and
task for managing the entire system or organization.

C

leam Size

' ) y y
y . )
! 37 y 27
2 Y % .
\ A ', \ \ |

LB -l ENIS 2 Ll L IR |

Graph No 1: A figure of Team Size in 4 sprints

The data about the roles in previous versions weren’t available, so we could not measure the overall skillset
of the teams and compare it with the current version.

e Team Velocity

e Lead Time

e Individual Velocity

e Team Morale
Sprint

All the previous versions following agile methodologies were straight forward the following Sprint, there
was no concept of nested sprints, sprint goals, although sprint velocity was counted there. In NFS 2.0, the
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idea of nested sprints and sprint goals was introduced to deal with pre and post defects during production
and contextual understanding about what we will develop. Several features were fixed in each Sprint. The
purpose of fixed features was to give something new every time a product is made. Sprint level
measurements are presented here.

The sprint duration in NFS 1.0 was 30 days, while in NFS 2.0, it was 15, and in NFS 2.0 Revamp, it’s only
seven days. The idea behind this short-term Sprint is the short-term delivery.

Sprint Duration (days)

LI mion | NS 20U Hevamg

Graph No 2: A figure of sprint duration
Sprint Features

A task may or may not be divided into subtasks. A task named ‘Task 2’ wasn’t further decomposed into a
subtask.

Features Division into Task/Sprint

14
o 12

__.'

1 3

I I I I

r)

Graph No 3: A figure of feature Division Task

After breaking down features into tasks, as mentioned earlier, there was a possibility of breaking down the
tasks further into subtasks. See the following graph for the number of subtasks introduced in each Sprint.
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lasl Division into Subtaslk/Sprint
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Graph No 4: A figure of Task Division of Subtasks

Sprint Velocity

It tells us the progress of the team per Sprint. It is the same as the features completed within a sprint.

Feature Completed/ Sprint

14
12
10
- -' .:
B
I | I o I:u
.I -I
print 1 sprint 2 prlint 3 it 4

m MNES 1. m NS 2 | NFS 2.0 (Revamy

Graph No 5: A figure of sprint Velocity

The current methodology keeps the team focused on the tasks at hand. Only the last Sprint completed
feature was 4. That’s because there was an issue logged related to that particular feature at the moment of
the system testing cycle, but that was completed well before the production release.

Sprint Goals
As mentioned earlier, sprint goal measurement wasn’t part of previous versions. This measure had been
made to understand whether all the resources for a particular task are on the same page or not. Team Lead

gives a point after every meeting about this metric, and it’s calculated after the end of each Sprint so that
this process can further be improved based on this measure. The scale was set for this measure from 1-3.

ISSN: 2308-7056 Mushtaq, Rubab, Gul & Awais (2021) 378



www.irbas.academyirmbr.com October 2021
International Review of Basic and Applied Sciences Vol. 9 Issue.4

Goals Clarity/Sprint

Graph No 6: A figure of sprint Goals for clarity

As you can see, the first two meeting goals weren’t clear to the team, or they had some questions in mind
that were addressed later. Within sprints 3 and 4, the team improved their understanding of the Sprint, the
tasks in hands, and the feature information.

Overall Sprint Results

This section presents the results of sprint-related measurements collectively. Sprint feature and sprint goals
metrics were not available in other versions of NFS. That’s why they are omitted. See the table below.

Table 6: Sprint Results

R1 NFS 1.0 NFS 2.0 NFS 2.0 Rev
Sprint Duration NA 30 15 7
Feature Division NA NA NA Yes
Sprint Velocity NA 9.25 6.75 4.75
Nested Sprints NA NA NA Yes

Sprint velocity measures are presented in average features completed in four sprints. Comparing the full
features with the completion velocity shows that the completion rate in the proposed solution is higher than
all the others. Nested sprints were unavailable in previous versions, and the feature division is also offered
in this methodology.

Time Taken to Resolve the Defect
Time taken to fix the defect in NFS 1.0 was the same as the time duration of the Sprint. No hotfix version
was released after identification of the defect after release. Whereas in NFS 2.0, they short the upcoming

Sprint for just fixing those bugs, and their duration is seven days, and within NFS 2.0 Revamp, it just
improves the bug within a day and produces a HotFix version of the release.

ISSN: 2308-7056 Mushtaq, Rubab, Gul & Awais (2021) 379



www.irbas.academyirmbr.com
International Review of Basic and Applied Sciences

October 2021
Vol. 9 Issue.4

Time Taken for fixing Issues (days)
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Graph No 7: A figure of fixing issues according to time

Overall Testing Results

This section presents the overall results of all the measurements collected in testing in tabular form below.
There are two tables below; the first table defines the exacting conditions used in the second table, and the

second table contains the results.

Table 7: Test Metric Short Forms

TUT

TPUT

TINT

PIT

FIT

TST

PST

TAT

Short Form

Full Form Short Full Form
Form
Total Unit Tests FUT Failed Unit Tests
Total Passed Unit Tests FIT Failed Integration Tests
Total Integration Tests FST Failed System Tests
Passed Integration Tests CD Code Coverage
Failed Integration Tests = DDS Defects Detected/Sprint
Total System Tests DD Defect Denisty

Passed System Tests DRE Defect Removal Efficiency

Total Acceptance Tests = TTRD Time Taken in Defect
Resolution
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Table 8: Overall Testing Results
R1 NFS 1.0 NFS 2.0 NFS 2.0 Rev

TUT NA 9355 6374 4920
PUT 8547 5796 4795
FUT 808 578 125
TINT NA 1985 726

PIT NA 1587 681

FIT NA 398 45

TST 1845 391 150
PST 1359 258 136
FST 486 136 14
TAT NA NA 50

CcC 60% 54% 82%
DDS 447 215 8

DD 16 8.5 2

DRE 75% 80% 100%
TTRD (days) 30 7 1

Deployment

Software deployment includes all of the steps, Processes and make activities required to make a software
system or update available to its intended users. Today most IT organizations and software developers
deploy software updates, patches, and new applications with a combination of manual and automated

processes.

Mean Time to Failure (MTTF)

The proposed methodology shows awe-inspiring results after applying this metric:

Graph No 8: A figure of MTTF
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As you can see, there were no defects found in the first two iterations. That’s why their mean Time to
failure was equal to the number of hours in a sprint. The last one had eight defects, that’s why the number
dropped to 21. If we calculate the average, then the results changed to the following.

Average MTTF

Graph No 9: A figure of Average MTTF

You can see that the uptime for the NFS 2.0 increased dramatically. It is the prediction based on the
number of defects only.

Mean Time to Repair (MTTR)

You can see in the following table that the Time required to repair was high on average.

T TR

Graph No 10: A figure of Mean Time To Repair
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Mean Time between Failure (MTBF)

Downtime of the previous versions was not available. That’s why only NFS 2.0 rev results are shared.

MTEBF
1%
10
1
W NFS 1.0 W rNFs 20 | NFS 2.0 Reva

Graph No 11: A figure of MTFB
Availability

The above measures help to measure the Availability of Time. See the following figure.

— M 3%
vwaila by
F ]

Graph No 12: A figure of Availability

You can see that the product's Availability has been increased to 96%. The following section gives the
Unavailability, which substantiates Availability from 100.

B HF51.0 BHF5 20 W MF5 2.0 Bevamnp
Graph No 13: A figure of Unavailability
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Customer Satisfaction

Customer satisfaction is a measurement that determines how happy customers are with a company’s
products, services, and capabilities. Customer satisfaction information, including surveys and ratings, can
help a company improve or change its products and services.

Case Study 2

Case study 1 wasn’t publicly available due to the proprietary rules. That’s why another case study was
taken from published research where the researcher proposed an agile methodology called “DXPRUM”
(Fahad et al., 2017). The proposed method was a refinement of DSDM. The author applied the approach of
a real-time project and then compared the suggested methodology results to DSDM to prove its
effectiveness. Thus, the results of DXPRUM are taken and compared with the proposed methodology.

Table 9: Case Study 2 Comparison

Parameter DXPRUM Proposed Framework

1 Project’ Name Cart of Online Finance and Leasing
Shopping
2 Size of project Medium Large
3 No of Iterations 4 4
4 ED (in Weeks) 7 4
5 AD (in Weeks) 6 4
6 Team Members 4 27
7 Customer satisfaction High Very High
8 Customer Involvement On Site On Site
9 Programing Language(s) HTML, CSS, Angular, C#, SQL, XAML
jquery, Ruby O
Rails
10 IDE Dreamweaver Microsoft Visual Studio
11 DMT Eclipse, IBM JIRA, Jenkins, Tortoise SVN,
Rational Rose Deployment Utility, Release
Notes Maker
12 Database MySQL MS SQL Server
13 Web Server Apache 1S
14 Customer’s Satisfaction 92% 95%
15 Suitable to all Projects yes yes
16 LOC 54718 98452 (including DAL)
17 KLOC 54.718 98.452
18 Post-Release Defects 13 8
19  Performance / Quality (Post- 0.237 0.081
Release Defects / KLOC)

The above table compares existing agile methods(Muhammad Fahad, Salman Qadri, Saleem Ullah,
Mujtaba Husnain, Rizwan Qaiser, Shehzad Ahmed Qureshi, Wagas Ahmed, 2017) (Muhammad Fahad,
Salman Qadri, Saleem Ullah, Mujtaba Husnain, Rizwan Qaiser, Shehzad Ahmed Qureshi, Wagas Ahmed,
2017) with the anticipated technique. All the parameters were the same even though more statistics were
available for the developed case study. But for accurate assessment, similar parameters were used.
Although the project developed in this case study was massive, the case study of a middle one undoubtedly
indicates that the proposed methodology can be mounted from small to big projects. The variance can be
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got in the above Table in parameters 5, 6, 14, and 19. Schedule plays a very central role in every project.
Parameter 5 is of “Actual Time”, despite being a large project, its actual period is still less than DXPRUM
actual period. Parameter 6 is of “Team Size”, the team followers were more than the team members of
DXPRUM because this was a large project. Another variance was in the role. DXPRUM doesn’t have the
part of the business analyst but they had a product owner. The product owner plays a similar role as the
business analyst. The most significant parameter is “Customer Satisfaction” which was 95% in this case
study and it was 92% in DXPRUM which is an improvement in the proposed solution. Continuous
feedback was taken from the BAs to evaluate the satisfaction because it is a major success factor for
projects valuation.

And another vital parameter is quality. The anticipated solution is also enhanced because a visual
representation of every task is available. Engineers comprehend the system well, and they know how to sort
a bug when it occurs and how much it impacts other parts of the system. As mentioned earlier, the
parameter of “Time to fix” and others wasn’t designed; those weren’t part of the DXPRUM case study
comparison. Total results in these parameters are shown in visual graphs in Fig. 3, Fig.4, and Fig.5.

Application has been tested with different frameworks; all the frameworks are focused and implemented
with the same test cases. There is four test case which is being applied to these frameworks. The purpose of
using these different frameworks is to identify which framework is easily used in the GUI (Graphical user
interface) and TDD (Test-driven development). The espresso recorder tool is pre-provided in the Android
Studio. Only Ul and android built-in API testing is performed from this tool. The use of this tool is so easy.
Besides, the developer's Quality assurance person can also assure all the test cases through the Espresso
recorded tool, which is now available in the latest version of Android Studio.

Table 10: Frameworks support metrics

Frameworks Espresso Mockito Robo electric Monkey runner
Integration Yes No Yes No
Testing

Use Espresso Yes Yes Yes Yes
methods

Scripting Java Java Java Java
Language

Supported Gingerbread or ~ Jelly Bean  Jelly Beanand = Astroid and higher
API Levels higher or higher higher

Test Creation Espresso Android Android studio CLI

Tool recorded tool studio

This table shows which framework supports their matrics and their results.

Test Artifacts

®m Instrumented testing Local Unit testing

| B

Espresso Mockito Roboelectric Monkey runner

Graph No 14: Figure Supported Test Artifacts in Frameworks
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M Emulator Physical devices
Espresso Mockito Roboelectric Monkey runner

Graph No 15: Figure Frameworks supported Test Environment.

After implementing and running the Monkey runner tool, we have identified that this tool needs activity
and count of number hits. These hits will randomly be applied on different widgets (components) placed on
the given action. While using the random impact, this tool will also take the application to airplane mode,
automatically turn on the Wi-Fi, and perform other operations during this tool runner. Monkey runner is an
old technique in android GUI testing. The monkey runner tool is only used for the GUI.

There is a bottleneck in writing espresso testing for GUI as it requires the physical android environment to
run these tests, so these tests are time-consuming. There is an alternative for espresso GUI testing called
Roboelectric. It uses the JVM to test cases. Test cases are being written manually. There is no option
currently as espresso has been provided as a recorder to add the asserts on different components available
on activity.

Android provides a mocking framework like Mockito. Mockito is usually used in unit testing and
integration test. We mock different objects; for example, while we are doing the integration testing with the
Ul and data from the database, we will create mocks to test this scenario. Mockito framework is used to
load the resources, Multiple User interface components testing effectively because it uses the JVM on the
backend. Mockito is not preferable while integrating testing because the Mockito comes under the mocking
framework.

Future Work and Conclusion

From the detailed analyses of tools and testing techniques, we have concluded that if you need to test a
single activity and the purpose of your testing is to test the activity Ul components displayed on your
activity randomly, then the Monkey runner is one of the best tools to use. On the other hand, if the purpose
of your testing is to add assertions in different Ul elements to verify and need the recorder to run only on
the test case of Ul, then the preferred tool is the Espresso recorder tool for the android applications. If you
want to run the Ul test quickly and have a continuous integration setting, then Roboelectirc is a good
option. It runs Ul tests locally by simulating the android environment on local machines. Finally, if the
nature of your test cases is to run matters on the unit and integration testing level, then the preferred
framework, as per our analyses, would be the JUnit and Mockito. Future implications related to this
research can be done on different frameworks associated with GUI testing, like Ul Automator and other
mock frameworks. These frameworks and techniques have a greater scope of work to look for. Frameworks
giving better upshots over Test-Driven Development (TDD) also provide effective results. Our research is
based on Android applications and further digs out Operating systems such as iOS. Hence, future
researchers should embrace the need for extensive investigation, particularly in this area. Researches should
be performed on frameworks provided by iOS that are used as GUI and TDD.
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