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ABSTRACT

A SOFTWARE QUALITY MODEL FOR ANDROID APPLICATIONS

ki mkek, Merve Vildan
M.Sc., Department of Information Systems

Advisor: Assoc. Prof. DrAysu Betin Can

FEBRUARY 2016 149 Pages

Nowadays mobile devicesave become increasingly widespread. It causes mobile
applications number to grow dramatically. As the popularity of these systems is
predicted to continue its increase in the near future, the importance of the quality o
mobile applications increases. The aim of this study is to present a quality model for
Android applications. We chose applications developed for Android Operating
System as our target because of its prevalence in the mobile market. To achieve the
aim of the study, we analyzed traditional software quality characteristics, which are
described in ISO/IEC SQuaRE Software Quality Standard and selected applicable
quality characteristics. Afterwardaie have identified new Androigpecific source

code metrics ah quality characteristics. We have developed a quality mibae!
contains the resulting quality characteristics and applied this model to Android
applications in a case study to show the applicability of the model.

Keywords: Software Quality, Mobile Sefare, Quality Model, Android
Applications, ISO/IEC SQuaRE Standard
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CHAPTER |

1 INTRODUCTION

Mobile communicationoccupies an important place in our lifieat we feel lost
without a smartphone. This new concept of phobia is called Nomophobia (no
mobile-phone phobia) in psychology [1]. What is a smartphone that causes such a
phobia? A smartphone ia multifunctional device that we usér not only
communication but also for entertainmehtsiness transactions, and much more.
These functions are made possible by the development of mobile applications.

The increase in smartphones and tablets causésle application number to grow
dramatically. AMore than 268 billion mob
place by 2017, generating more than $77 billion in revenue and making apps one of

the most popular computing tools for users across thegldo accor ding to
Group [2]. This study shows that mobile applications are beconmngsaential
requiremendf our lives. As theaumber ofmobile applications is increasing at a very

high rate, quality of the applications is becoming an importzsote.

| EEE Definition of Software Quality is #f:
process meets specified r eegsental fesofevarée s 0 [ 3
engineeringoecause thaim of software engineering is to produseftware products

with high quality.

Quality of a software product sgnificantfor both user and the develop&he wser
wants to work with good qualitative software and developer wants his/her product to
be used admiringlyThe quality of a mobile sfiware product is considerably
important. Developers should not underestimate the importance of mobile app
quality, because of the reasons listed below:

1 Quality is notonly an IT problem anymore. It affects the reputation of
Developer/Company directly. Users write reviewsegtars to applications.
Overview of applicationsd ratings and

1 There is a very high possibility of customer ahurThe number of
competitors is very high in application stores. It is very easy to abandon an
application and find an alternative to it.



Quality is thecombinationof many characteristic3hese characteristics are referred
as quality characteristicsSThe quality characteristics and their relationshipse
represented in Quality ModelShe models are useful because thgsplay the
factors important for qualityDevelopers need quality models agyuideline to
maintainand mprovethe quality of their mobile applications.

The aim of this study is to develop a quality model for Android applications. We
chose applications developed for Android Operating System as our target because of
its prevalence in the mobile market. Aceding to the statistics, the number of
applications available for download in Google Play Stiag of July 2015 is 1.6
million. Apple's App Store is the second largest application store with 1.5 million
available applicatiortg[4].

In the process of Adroid Applications Quality Mdel development, we have
analyzed quality characteristics, which are described in ISO/IEC SQuaRE Software
Quality Standard. In the Quality Standard, quality properties are categorized into
eight characteristics: functional saliility, performance efficiency,reliability,
security, usability, compatibility, portability and maintainability As our quality
modeldeals with the quality characteristiaghich are relevant to the area of mobile
software, we have selected the applicable quality characteristics from the quality
standard and added a new charactenstined Data Integrity

We have determinedthe relationship of source code metrics and quality
characteristics by conducting a survey on Android Developers. We have developed
our Android Applications Quality Model, validated the quality model and applied
this model to different releases thireeopensource Android applications in a case
study to showhe applicability of the model.

Few studies have been donetbadevelopment of mobile software quality maslel

Most of the related studies are ipahle of assessing thguality of applications
because they amelack of metric determination as explaahin detail in Chapter 2.

On the other hand, in our study we have determined Andpedific source code
metrics to make measurable the quality of mobile applications in accordance with a
guotation from Galileo Gal il &d medisiabies ur
what iis not soo0o [5].

The ©ntribution of this thesis study is the validated Android Applications Quality
Model based on the data gathered from Android developers, and the metrics
identified for the quality model.

This thesis is structured dollows:
1 In Chapter 2we presentedhe literature review related to software quality

models.
1 In Chapter 3,we explainedthe proposed AndroidApplications Quality
Model 6s devel opment processes in a

1 In Chapter 4we presentedhe evaluabn of the proposed model and the
results of the case study.

1 Finally, in Chapter bwe presentethe conclusion of the thesis work and
possible future work related to the proposed model.
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CHAPTER Il

2 LITERATURE REVIEW

Over the last 30 years, a number of quality models have teezioped Quality
models represent a quantitatisteucture ofguality. [6] In this chapter, we presented

the related literature. The first section contains the detailed expression of software
quality models. The second section contains information about quality models
developed for mobile applications.

2.1 SOFTWAREQUALITY MODELS

Beginning with hierarchical models proposed by McCall and Boehm, a variety of
software quality models have been developed. Some of which have been
standardized. In this sectiove summarized the most notable software quality
models.

211 McCall 6s Model (1977)

Jim McCall presented a quality model, which meaf the most famous predecessors
oft o d ayaltysmodelsThe modelis alsonamedas the General Electrics Model.
McCall developed the mod@&r the US military in 1977. The McOajuality model

has three factorswhich are Product Revision, Product Operation, and Product
Transition to identify the quality of a software prodyét.

Product Revision: It is related to error correction and system adaptation.
- Maintainability: theease offinding and fixing abug
- Flexibility: the ease ofmaking changes required bynodification in the
operating environment.
- Testability:theease o¥validaing the software requirements.

Product Operation: It is related to operation characteristics.
- Correctness: the functionality conforms the specification.
- Efficiency: usage ofsystem resourcesuch as storage, network, processor

time.
- Integrity: protectng a systenfrom unauthorized access.
- Reliability: the systembs ability not

- Usability: the ease ofiseof thesoftware.
Product Transition: It is related adaptability to rapid changes in hardware.
- Reusability: the ability to use software components in a different context.
- Portability: theease oftransfering the software from one environmeta
another.



- Interoperability: theability of software components work together.

Simplicity

,-"/ Conciseness

Maintainability j———————
- — . Self-descriptiveness

Modularity

| Self-descriptiveness

Product Revision | Flexibility /| Expandability

\_ Generality

Simplicity

\ Testabhility 7
— . Self-descriptiveness

Instrumentation

Modularity
__ Simplicity

_Portability [ Software System Independence
! \_ Machine Independence

| Simplicity
| -
o [ Generality
J— Product Transition | Reusability —————
) T . Software System Independence
.McCaII's Quality Model 7 )

\ __Modularity

Machine Independence

\_ Interoperability /| Communications commonality

\_ Data Commonality
Traceability
Correctness | Completeness

_ Consistency
Consistency

Reliability | Accuracy

\__ Error Tolerance
Product Operations | Execution Efficiency
- % Efficiency 00— ————
— . Storage Efficiency

Access Control
|\ Integrity ~——————————
— . Access Audit
| Operability

\_Usability / Training

. Communicativeness

Figure 2.1: Hierarchy of Major Perspective, Quality Characteristics and Quality
Criteria of McCall Quality Model [9]

2.1.2 BoehModeb(19®@Bu al i ty

Barry W. Boehm presented the second quality model in 1978. It consists of a
hierarchical modefor quality characteristics: high level, intermediate lewaid
primitive characteristics.

At the highest level ofhe quality model, Boehm determined threeain software
requirementsAs-is utility, Maintainability, and Portability10]:

As-is utility :
- Reliability: the degree of software to perfornts intended functions
satisfactorily.
- Efficiency:idealuse of resources durirggcorrecexecution.
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- Human Engineering: ease of ussability.
Maintainability :
- Testability:the ease of validatinpe software requirements.
- Understandability: thease ofoftwareto beeasily comprehended
- Modifiability: the ability to chang the software to meetewrequirements.

Portability: theease of changintipe software to accommodate a new environment.

Self-containedness

[ Accuracy

Reliahility f Completeness
' . Robustnessfintegrity

[ Consistency
As-s utility | Accountability
\_ Efficiency /| Device Efficiency

\ Accessibility
Robustness/integrity

' Human Engineering /| Accessibility

Communicativeness

-.,-Eoehm's Quality Modell-___ ]
— - — Device Independence

— \ “_ Portability
— . Self-containedness
Accountability
[ Communicativeness
Testability |- —
—— % Self-descriptiveness
. \_ Structuredness
Maintainability | Consistency
I\ Understandability / Structuredness

\_ Conciseness

\ Structuredness
\ Modifiability —————
— . Augmentability

Figure 2.2: Hierarchy of High Level, Intermediate Level and Primitive
Characteristics of Boehm's Quality Model [11]

The h er archi cal structure i s s iadditiodnaly t o
quality model ofBoehmcontainsh ar d war e per f ormance that
quality model. [12]

2.1.3 FURPS (1987)

Robert Grady and Hewlett Packard presented FURPS Model in T8&y. built
FURPS model for the Rational Software Company. [12jalt two maircategories
namely functional requirement and rfumctional requirement.

Functional Requirements
- Functionality:fincludes feature sets, capabilitiagd securityp [ 1 2 ]

Non-functional Requirementsalso known as URPS

5



- Usability: fincludes human factors, overall aesthetics, consistency, and
documentatiom [ 1 2]

- Reliability: firequency and severity ofthe failure, recoverability,
predictability, accuracy, and mean time between failures (MTBF)[ 1 2 ]

- Performancefiarranges<onditions on functional requirements such as speed,
efficiency, availability, accuracy, throughput, response time, recovery time,
andresource usage. [ 1 2]

- Supportability:  finclude testability, extensibility, adaptability,
maintainability, compatibility, configurability, serviceability, installability,
and localizabilityo [ 1 2]

FURPS model is also a hierarchical definition modeD enfi in g q ulelmain y 0 i s t
purpose of FURPS model. [18]ne disadvantage of the FURPS model is thay
did notconsides of t war e productsdé portability as a
FURPS
Functionality
MeCall Boahm / Uisability
Operation  ——" As-is Wity ™ Reliability
Fevisian Maintzinability Pedormance
Transition Portability Supportability

Figure 2.3: McCall, Boehm, FURPS Models

2.1.4ISO/IEC 9126 Standard Quality Model (1991)

The International Organization for Standardization (ISO) and The International
Electrotechnical Commission (IEC) introduced ISO/IEC 9126, which is an
international standard for the evolution of software. The gaepof the standard is
defining a quality model and a set of guidelines to measure the software quality
characteristics. Hencéh)e modelis divided into four parts: quality model, external
metrics, internal metrics and quality in use metrics. ISO/IEC Ra&1 is an
extension of McCall, Boehpand FURPStudies It decomposes characteristics into
two categories namely external characteristics and internal characteristics.

External Characteristics
- Functionality:fithe ability of the product to provid&inctions that meet stated
and implied needs. [ 1 5]
- Reliability: fithe ability of the product to maintain a specified level of
performance&d [ 1 5]



- Usability: fithe ability of the product to be understobgthe useo [ 1 5]
- Efficiency: fithe ability of the product to provide appropriate performance,
relative to the amount of resources us¢ts]

Internal Characteristics
- Maintainability: fithe ability of the product to be modifieal[15]
- Portability: fithe ability of the product to be transferred from one environment
to anothen [15]

Each of these characteristitassub-charactestcs as illustrated in Figure 2.4

external and

internal
quality
I | | | | |
functionality reliability I usability efficiency | maintainability portability |
suitability i derstandabili i daptabili
maturity understandability) - . analysability adaptability
accuracy fault tolerance learnability time behaviour | | 1,2 ngeability installability
interoperability recoverability operability resource ztability co-gxistence
security attractiveness utilisation testability replaceability
functionality reliability usability efficiency maintainability partability
compliance compliance compliance compliance compliance compliance

Figure 2.4: Quality Model of ISO/IEC 9126 [15]

2. 1.5 DQuality&odd €995)

R. Geoff Dromey present ed Tbe quatitg madas Qual i
product based stating that quality evaluation differs for each proBucto mey 6 s
Model focused on relationships between the characteristics and the sub
characteristics of quality. There are three principle elements in this quality model

[11]:

1. Product properties thaffects theguality.
2. High-level quality characteristics.
3. Linking the quality characteristiasith the product properties



F’roduciF’mDeﬂiES[ Correctness ] [ Internal ] [ Contextual ] [ Descriptive ]

Maintainability Maintainability
Reusability Reusability
Portability Portability
Reliability Usability

Functionality Maintainability

Quality Attributes P
Reliability

Efficiency
Reliability

Figure 2.5: Principles of Dromey's Quality Model [16]

2.1.6 Bansiyads QMOOD Model (2002)

Jagdi sh Bansiya presented Thamxie gextedds Qual i ty
Dr omey s Mig d lidrarclaical Quality Model for Object Oriented Design
(QMOOD). Development of this model includes four levels.

First Level Second Level Third Level Fourth Level
L L I L
l".: ()l . I‘.‘F ()t) 1‘11 .
Design ects Jject: Object-
S Oriented Oriented Oriented
Quality : : :
At Design Design Design
) Properties Metrics Components

Figure 2.6: Levels in QMOOQOD [18]

2.1.6.1 Design Quality Characteristics (L)

They examined ISO/IEC 912@uality characteristics and selected applicable
characteristics for design quality. They included two new characteristics that were
determined as important for the objeciented design quality assessment in the
model: Reusability and Flexibility. Thud)ay identified six ObjeeOriented systems
characteristics.

- Functionality: Athe responsibilities assi
made avail able by the classes through the
- Effectiveness: A a bdifundtidnality &and belacidruseiqy e t he de
OO design concepts and techniques. o [17]
- Understandability: Arelated to the compl e
- Extendibility: Apresence and wusage of pr
allow for the incorporatiomf new requirements in the des
- Reusability: characteristics that all ow
probl em without significant effort.o [17]



- Flexibility: Athe ability of a desig

related capabilities. [ 1 7 ]
2.1.6.20bject-Oriented Design Properties (L)

They identified design properties as follo&7]: Design Size, Hierarchies,
Abstraction, Encapsulation, Coupling, Cohesion, Composition, Inheritance,
Polymorphism, Messagingnd Complexity.

2.1.6.30bject-Oriented Design Metrics (Ls)

They identified design metrics as folloys7]: Design Size in Classes, Number of
Hierarchies, Average Number of Ancestors, Data Access Metric, Direct Class
Coupling, Cohesion among Methods of Class, Measure of Aggregation, Measure of
Functional Abstraction, Number of Polymorphic Methods, Class Interface Size, and
Number of Methods.

2.1.6.40bject-Oriented Design Components (L)

They identified design components as follok/]: objects, classes and the
relationships between them.

After these steps, they identified the relationship of quality characteristics and design
properties by reviewing objecriented development books and publications. They
developedhefinal form of QMOOD quality model.

2.1.7 1 SO/1EC 25000 9t281d)dard ( SQuaREOGS

The purpose of this standard jgoviding a general overview of Systems and
Software Quality Requirements and Evaluation (SQuaRE) contents, common
reference models and definitions. ISO/IEC 9128001 standard has been revised by
ISO/IEC 25010:201. They identified aht quality characteristics

- Functional Suitability:idegree of a product or system to provide functions
that meet stated and implied neéds.[ 1 8 ]

- Performance efficiencyfiperformancerelated tothe amount of resources
used under stated conditiods. [ 1 8 ]

- Compatibility: Aidegree of a product, system or component to exchange
information with other products, systems or components, and perform its
required functions, while sharing the same hardware software
environmend [ 1 8]

- Usability: idegree of a product or system to be used by specified tsers
succeedspecified goals with effectiveness, efficienapd satisfactioe [ 1 8]

- Reliability: Aidegree of a system, product or component to perform sgubcif
functions under specified conditions for a specified pedifi8]

- Security: idegree of a product or system to protect information andddata.
[18]



- Maintainability: fidegree of effectiveness and efficiency of a product or
system to be modified by the @rtded maintainers[18]
- Portability: idegree of effectiveness and efficiency of a system, product or
component to be transferred from one environment to anof{héi.
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Figure 2.7: Quality Model of ISO/IEC 25010 [18]

2.2QUALITY MODELS FOR MOBILE APPLICATIONS

Franke and Kowalevks

[ 19]

exami

ned

Installability
Modularity Replaceability
Reusability
Analysability
Modifiability
Testability

Mc Call

| 6 s,

software quality models in their study. They extracted quality characteristics from
these models and presentednabile applicationsgguality modelas illustrated in
Figure 2.8. Afterwardsthey applied their modeto two Android applicationgo
assesstheir quality. What is missing in this study is that only contains the
identification of 4 main mobile quality characteristics: Usability, Efficiency, Data
Persistence, Flexibility andhree sub-characteristics of Flexibility: Adaptability,
Portability, Extensibility. The quality model was not validateldw to measure the
identified quality characteristics was not considered. Theretbey did not use
metrics for measurement. They selected two-oypen source Android applications
for case study and evaluated their quality subjectively. Their evaluaisiased on
their ideas. They did not include an evaluation process, which was statistically

supported, in this study.
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Figure 2.8: Franke et al. Mobile Applications Quality Model [19]

Franke and Weise [20] provided a framework based on existing quality models,
quality metrics, and design patterns for testing mobile applications. They first
analyzedstatistically thequality of mobile applications. Based on the results they
defined methds and tools for testing the lagkshichoccurred irntheanalysis phase.

After that,they applied the tools and methddsa case study tassesshe provided
framework. The most important deficiency in this study is that the results of the case
studies e not included. They stated some example metrics that can be used to
analyze the source code of software for mobile devices. These examples-are Mc
Cabe Cyclomatic Complexity, Weighted Methods per Class and Lack of Cohesion of
Methods, but these metricseanot used ithe study.

Idri, Moumane and Abran [21] studietheuse of the ISO/IEC 9126 software quality
standard to the limitationge.g. Lower Bandwidth, Frequent Disconnection, and
Limited Energy Autonomydf the mobile environmenThey identifiedtheinfluence

of the limitations on quality characteristics. ellquality model wasuseful for
assessing Reliability, Usability and Efficiency characteristics. What is missing in this
study that it only contains the metrics related to mobile limitatiBesides, it is not

a study covering all the quality characteristics; only three of them are covered.

Zahra, Khalid and Javed [22] presented a mobile application quality mddedy
extracted quality characteristicd the modelfrom ISO / IEC 9126standardas
illustrated in Figure 10This studyonly contains the identification of mobile quality
characteristics. Identification of metrics for mobsigecific measurements was not
considered. In additiorthey did not apply their modeb mobile appliations to
show the applicability of the model.
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Figure 2.9: Zahra et al. Mobile Applications Quality Model [22]

Jost, Huber and Hericko [23] examined whether the traditional software metrics are

suitable for assessinghe source code ofmobile applicationsThey developed a

smallscale applicationfor three different platforms (Android, 10S, Windows

Phone).They evaluatedhie source codesf the applicationsy using traditional

software metrics. Because the resultshefanalysis were slightly different between

pl atfor ms, the hypothesis Atraditional soft
applicationsd sour ce codeso was rejected.
development and mob#gpecific metric determinatioare missng in this study.

They usedraditional software metrics

Hecht, Benomar, Rouvoy, Moha and Duchien [24] introdubedP APRIKA tool to
monitor the evolution of mobile apps quality based on antipatterns. The antipattern
detection was based on software mest computed by the tool. They considered
three Object Oriented antipatterns, which are Blob Class, Long Method, Complex
Class, and four Android antipatterns, which are Member Ignoring Method, Leaking
Inner Class, Ul Overdravand HeavyBroadcast Receivemhey utilizedthe detected
antipatterns in the evaluation of mobile applications qualitgvelopment of a
mobile application quality model is missing in this study. They identified the
antipatternsand applied them in mobile applications in a case study to evaluate
software quality score of mobile applications.

12



CHAPTER 1lI

3 ANDROID QUALITY MODEL DEVELOPMENT

To quantify quality, researchers have developed quality maaelexplained in
Chapter 2. All of these models share a common difficulty: they are less applicable
for Android Applications. Our model resolves this difficulty. In this chapter, we
explained the methodology used in the development of the proposed AQuiaity
Model in a detailed manner. The first section contains the information #®ut
identification of quality characteristics. The second section contains the information
about the identification of metrics specific for Android applications. The third
section contains the information about determining the relationship betiveen
identified quality characteristics arttie identifiedmetrics. Finally inthelast section,

we present the developed Androfpplications Quality Model. We illustrated
researh methodology of the study in Figure 3.1.

Examination of Identifying Quality \dentifying Gonducting Validation of the
Standards, books, Characteristics Metrics Survey 10 Android Surve
related studies } Developers ¥

4

Resulis of the
Survey

r

Analyzing Results Rasubs of the Case Stud Va“iar:g:rr;igr " « C%\igrg?e?;iilgn
¥zing Case Study v Applications Metrics
Quality Model

End

Figure 3.1: The Research Methodology
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3.1 IDENTIFYING QUALITY CHARACTERISTICS

We considered ISO/IEC SQuaRE Quality Standard, Olgpeieinted modelsand
components that are specific to Android Applications while identifying quality

characteristics. We selected the guality c
ARel i abilityo, APerf or mance Efficiencyo,
AUsabiSedacuwroi,t yio and ACompatibilityo from | SO
as the initial set of quality characteristics. In addition to these quality characteristics,

we selected fAiData Integrityo as a character

[19] [20] [22]. We provided the definitions of the quality characteristics identified
for our Android Applications Quality Model and reasons of the identification of
these characteristics below. We illustrated Android Applications Quality Model

in Figure 3.2.

A. Functional Suitability

Functional Suitability is the degree of a prodsygstem to provide functions that
fulfill needs [18]. Functional suitability for mobile applications means an application
meets theneeds of a particular user. If there is too much extra functionalignin
application, it devastates the user. On the other,hfafwhctionalities are less than it
shouldbe needs othe user are not fulfilled. It is expected from a mobile application
to answer these three main questions [26]:

- Are the application features included?
- Are the application features working properly?
- Is the install/uninstall process of the application working properly?

B. Reliability

Reliability is the degree of groduct/syeemtomponent to perform specified

functions undesstatedconditions for a specified peridd8]. Reliability means the

stability of mobile applications. Users do not want to deal with an application with

full of bugs that causes a frustration overloadsiBes users do not want to deal with

a slow application that causes waiting a long time to load the applicAtiorabile

application with poor stability leadsuickly to abandonment. According to research

from TechCrunch, A us e rggy apps, ondy 18%owil try @ | er anc e
failing app more than twiceo [27].

C. Performance Efficiency

Performance Efficiency is related to the amount of resources used speisiied
conditions [18]. Mobile resources are limitddus they should be used optimally.
Battery power and phone memory are limited resources on the mobile phones. Users
typically only have 1/100Bas much memory in a mobile phone as they have on a
desktop computer [28]. Besides mobile phones do not have tefimisupply of
electrical power. Users expect the battery in their mobile devices to last at least eight
hours. To meet this requirement, both the hardware and the software on a mobile
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device should be power efficient. Useéend touninstall apps that rutheir battery
down quickly, and they write unfavorable reviews about these applications [29].

D. Portability

Portability is the degree of efficiency and effectiveness of a
product/system/componetd be transferred from one environment to another [18].
Partability measures if an application is able to run on different devidesnobile
market is growing rapidly and there amewide range ofmodels for each mobile
device. AThe worl dwide smartphone mar ket
with 3415 mi | i on s hi p me nthedata feoro the mtdrhatiopal Data
Corporation (IDC) Worldwide Quarterly Mobile Phone Tracker. Android dominated
the market of smartphonegth a share of 82.8% [30]. Samsung and other players
such as Huawei, Xiaomi, ZTE, LGNexus, Sony, Asus contribute this percentage
[31]. If the diversity in the market is taken into consideration, users should be able to
runthesame application on different mobile devices with the same efficiency.

E. Maintainability

Maintainability is tle degree of efficiencand effectivenesef a produdssystem to

be modified by themaintainers [18]. Mobile Application Markets are already, big
and they are going to keep getting bigger. According to the statistics, the number of
applications available fodownload in Google Play Store as of July 2015 is 1.6
million. Apple's App Store is the second largest application store with 1.5 million
available applications [4]. Thusnarkets are rapidly changing. Developers should
update mobile applications accorgito the changing requirements. Maintainability

is helpful at this point. Extensibility is the sgharacteristic of maintainability.
Mobile applications have to be extensible for new hardware compobetit®y can

be extended if new releases of applmad available in App Stores.

F. Usability

Usability is the degree of product/systento be used by specified usersstacceed
specified goals with efficiengyeffectiveness,and satisfaction [18]. PACMAD
Usability Model identifiesevemattributesfor mobileapplicatiors [32]:

1. Efficiency is the ease of a user to complete a transaction with speed and
accuracy.

2. Effectivenessis the easeof a user to complete @wansactionin a stated
context.

3. Satisfaction is the level of pleasantness the user while using the
application.

4. Memorability is the ability of a user to remember how to use an application
effectively.

5. Learnability is theability of a useito gain proficiency with an application.

6. Cognitive Load means the amount of cognitive processaugssary for a
userto use the application.

7. Errors attributeexpresshow well the user can complete th@nsactions
without errors.
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Usability is related to improve user experience and response about mobile
applicatiors. First seconds of mobile applicas are citical because ussdecide to
usethe application or abandon the application [22].

G. Security

Security is the degree of a prodisgstem to protect information and data [18].
Mobile application number in App Stores is increasing dramaticHilg.question is:
Are mobile applications secusmougl? According to the recent research by Arxan
the rates of the hacked applications are as follows [33]:

- 100% of the top 100 paid apps on the Google Android platform
- 56% of the top 100 paid apps for AppOS

- 73% of popular free apps on Android

- 53% of popular free apps on Apple iOS

These numbers obviously present the necessity of setwrityobile applications.
H. Compatibility

Compatibility is the degree of @oduct/system/componetd exchange iformation

with otherproducts/systems/componengnd perforra its required functions while
sharing the same environment [18]. Mobile applications may also exchange
information with each other by using Bound Servjagkich are implementation of
Service chssesBound Service allows other applications to bind to it and interact
with it. Interprocess communication (IPC) is performed [34].

K . Data Integrity

Data Integrityis the ability of a mobile application to keep information when state
changes happen [18]. Data integritghe maincomponent of information security. It
provides data, which is stored in a database, data warehouse, data mart or another
construct, to bekept accurately and consistentpata should be kept free from
corruption or modification. When mobile applications are paused, killed or a call
arrived, the current state of running applicat®rshould be saved [22]. Data
corruption, a form of data los$sads users to abandonment and developers to failure.
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Figure 3.2: The Android Applications Quality Model

3.2 IDENTIFYING METRICS

Source code metrics are commonly used in assetggmiality of softwaresystems

They present an objective way to get concrete information about the source code.
Source code metrics for quality assessment of Ofjjeennted Design was identified

in QMOOD by Bansiy§l7]. In a study of Jetter fronthe University of Zurich,

B a n s iQuaity Model was adapted for the Java programming language. They
identified source code metrics related to the Java source code [35]. Metrics that were
used in these two studies is given in Table 3.1.

We analyzed related studies, quality standards atrdated metrics applicable for
Android Applications from these sources. Source code metrics like Number of
Classes, Depth of Inheritance Tree, Instability, Lack of Cohesion of Methods,
Number of Methods and McCabe Cyclomatic Complexity can also be applita
Android applicationsé source codes.

Table 3.1: METRICS USED FOR QUALITY ASSESSMENT FOR OBJE@RIENTED
DESIGN IN LITERATURE

Metrics used by Bansiya [17] Metrics used by Jetter [35]

Design Size in Classes Number ofClasses

Number of Hierarchies Depth of Inheritance Tree

Average Number of Ancestors Abstractness

Data Access Metric -

Direct Class Coupling Instability

Cohesion Among Methods of Classes 1 / Lack of Cohesion of Methods

Measure of Aggregation Number ofAttributes

Measure of Functional Abstraction 1 Number of Overridden Methods
Number of Methods

Number of Polymorphic Methods Number of Overridden Methods
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Class Interface Size Number of Methods
Number of Methods Weighted Methods per Class

Android development is JaBased and Objedriented, but there are key
differences. Java programs have a main function On t@ntrary; Android
applications do not have a main function. They have onCreate, onResume, onPause
and onDestroy functionsDevebpers overwrite these functions while developing
Android applications[36]. Due to the difference in source code structures, we need
an identification of metrics that are specific for Android application. By reviewing
Android Programming books, tutoriaésxd publications extensively [25] [36] [37]
[38] [39] [40] [41] [42] [43] [44], we identified eight new Androgbecific metrics:
Number of Activities, Number of Services, Number of Broadcast Receivers, Number
of Content Providers, Minimum SDK Version, §at SDK Version, Number of
Intents and Number of Permission. These components are special for Android
development. The definitions of these Android components [25] are given below:

- Activity: Provides a screen to users to interact to do a transe
sud as: dialing the phone, taking a photo, sending
email, and viewing a map.

- Broadcast Receiver: Responds to broadcast announceménois the system o
from other applicationsBroadcastexamplesfrom the
system are notifyinghat the battery is lowa picture was
captured, othe screen has turned off

- Content Provider:  Manages access to a structured set of d@mntent
provider examples are Contacts which allows other
applications to accessiser information, Media Stoy¢
which allows other aplications to accessr store media
files.

- Intent: Allows application components to request functiona
from other Android componentEhe ntent is a message
communicate an action such as View Video, Play Gam

- SDK Version: An integer valualesignating the API Level required fan
application to run. For examplaPI Level of Android 6.0
Platform is 23, API Level of Android 3.0.x is 11 and A
Level of Android 1.0 is 1.

- Permission: Request permissiarthat applicatioa must be granted ti
operate correctlylUsers confirm prmissiors when they
install the application

- Service: Performs longunning operations in the backgrour
Services do not provide a user interfanecontrast to the
activities.
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In addition to the Androigpecifc metrics, we identified three metrics that may be
applicable to Android applications: Number of Dialogs, Number of Threads, and
Number of Tables in Database. These metrics are not Arspeicific. They are also

applicable to ObjeeDriented Programs. Wdentified them because weypothesze

that they might affect Android applicati

The resulting list of metrics and descriptions of them are given in Table 3.2.

Table 3.2: LIST OF METRICS USED IN OUR MODEL

METRIC TYPE DESCRIPTION

Num of Classes 0]0) This metric is the count of the tot
number of classes msource code.

Depth of Inheritance Tree | OO This metric calculates the maximu

length of a path from a class tbe
root clasdn the inheritance hierarchy,
Instability 0]0) This metric is the ratio of efferer
coupling to total coupling (Efferent
Afferent). Instability shows the
package's resilience to chanffs].

- Af ferent Couplin
classes in other packages that dep
upon classes withinthe package is a
indicator of the package's responsibilit
Af ferent = incomin

-Efferent Couplin
classes in other packages that the clag
in the package depend upon is
indicator of the package's dependence
externalites Ef f erent =
Lack of Cohesion of 00 This metric measures theelation
Methods degreeof methods and fieldso each
other within a class. It measures t
cohesion of a class.

Num of Attributes 0]0) This metric is the count of the tot
number of attributes in source code.

Num of Methods 0]0) This metric is the count of the tot
number of methods in source code.

McCabe Cyclomatic o]e) This metric measureshe number of

Complexity linearly independent paths throu
source code cd program

Num of Activities Android This metric is the count of the tot

number of classes that exte
Activities inasource code.

Num of Services Android This metric is the count of the tot
number of classes that extend Servi
in asource code.

Num ofBroadcastReceiverg Android This metric is the count of the tot
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number of classes that exte
BroadcastReceivers msource code.
Num of ContentProviders | Android This metric is the count of the tot
number of classes that exte
ContentProviders iasource code.

Num of Dialogs 0]0) This metric is the count of the tot
Android number of dialogs in source cog
Dialogs are small windows thask
uses to enter information ormake

decisiors.
Num of Threads 0]0) This metric is the count of thtotal
Android number of classes that extend Thre
in asource code.
Android:minSdkVersion Android This metric is an integer which

indicates the minimum APl Leve
required the application to run.
Android:targetSdkVersion | Android This metric is an integer which
indicatesthe target API Level require
the application to run.

Num of Intents Android This metric is the count of the tot
number of Intents iasource code.
Num of Tables in Database| OO This metric is the count of the tot
Android number oftables inthe database of th
application.
Num of <usegermission> | Android This metric is the number of request

permissions that the application sho
have to operate correctly.

3.3 METRICS- QUALITY CHARACTERISTICS RELATIONSHIP

To determine the relationship between the source code metrics and our quality
characteristics, we conducted a survey for Android Developers. The survey consists
of two parts.The first part includes demographic questions about respondents;
second part inclles questions to identify the relationships between metrics and
quality characteristics. The demographics part inclubese questions about years

of work experiencethe number of developed Android projects and purpose of
Android application developmenthe second part includes 18 questions that expect
respondents to select the degree of effect for each metrics on the quality
characteristics (Likert Scale irl], +1] range). The options are Strongly Negative (

1), Somewhat Negative(,5), No Effect (0)Somewhat Positive (+0,5) and Strongly
Positive (+1). The survey is prepared and sent as an online survey. The Survey tool
of Google Forms [47] was used for the preparation of the survey and acquiring
responses from participants. We included the surveyedinds approval form of
survey in the Appendix.

Since the survey asks questions abitt structure of Android applications, our

respondents should have the abilitydevelopAndroid Applications. Weemailed
our survey to Android Developer Groups in Bbdvedia (Facebook, Linkedin),
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several IT Companies in Turkeynd our personal connections. The mail contains
brief explanation about the study, the purpose of the study and the ok online
survey. 33 Android developers participatede survey. The demographic data of
respondents are as follows:

1- How many years of work experience do you have in IT and software development industries?
0 5 152%
14 16 48B5%
5-10 8 242%
10+ 4 121%

2- How many Android Projects are you involved in development?
0 0 0%

1-4 19 57.6%
510 9 27.3%
10+ 5 152%

3- Do you develop software for your company or for yourself?
Company 9 27.3%
Myself 16 48.5%
Both 8  242%

Figure 3.3: Demographic Data of Respondents

In this study we employ a quantitative approach to anmlgzthe data. We used
Cronbachdés Al pha [48], which is the mos
i nternal consistency (reliability) of S L
value of 33 responses by using IBM SPSS Statistics [50]. The Alpha valussscfor

question are provided in the Appendix. The average value of all survey questions is
0.82, which indicates the reliability of our survey iimacceptable range

3.3.1Weighting The Relationship

Using the results of the survey, we creasethatrix that shows the relationship of
metrics and quality characteristics. This matrix is given in Table 3.3. The matrix
shows how an increase in a metric given in a row affects the quality characteristics.
In this table 0 means no effeet, means strongegative effect;0.5 means negative
effect, +0.5 means positive effect, +1 means a strong positive effect on a
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characteristic. To determine the effect of a metric, we use the median [53] of
responses on the survey for each quality characteristic.

Table 3 3: METRICS- QUALITY CHARACTERISTICS RELATIONSHIP (THE
MEDIAN OF RESPONSES)

o 2 | > >
5 s 5 |5 £
g E E g S E .g & P > =
2895 |E§2 |8 |£ = |E |8
cgs 29 € |E |s |8 |3 |E
== o E O © < 0 ) o
# Of Classes (NOC) +05| 0 |+1.0|+1.0|+05] O |+0.5/+0.5| O
Depth of Inheritance +0.5| -05| -1.0 | +0.5| +0.5| +0.5| O 0 | +0.5
Tree (DIT)
Instability (COP) 05| -0.5 0 | -05|+05| 0 |+0.5|+0.5
1/ Lack of Cohesion of | +0.5| +0.5| O 0 0 [+0.5| 0 |+0.5|+05

Methods (COH)
# Of Attributes (NOAT) | 0 |+05]|-05| O 0 |+0.5|+0.5|+0.5| +0.5
# Of Methods (NOM) +05| 0 0 |+05| -05|+0.5|+0.5|+0.5| O
McCabe Cyclomatic 0 0 |10 O 0 0 0 0 0
Complexity (CYC)
# Of Activities (NOAC) | +0.5| 0 0 0 | +0.5|+1.0/+05| O 0
# Of Services (NOS) +0.5[+0.5| -0.5 | +0.5| +0.5| +0.5| +0.5| -05| O

# Of Broadcast Receiver +0.5| +0.5| 0 0 0 0 0 0 0

(NOBR)

# Of Content Providers | -0.5 | +0.5| +0.5| +0.5| +0.5| 0 |[+0.5|+05| O
(NOCP)

# Of Dialogs (NOD) 0 0 |10 O 0 0 |+05| O 0
# Of Threads (NOT) +0.5| 405 +1.0| 0O |+05|+05|+0.5| O 0

android:minSdkVersion | +0.5| 0 0 -10| O 0 0 0 0

(MSDK)

android:targetSdkVersio| +0.5| 0 0 0 0 0 0 0 0
(TSDK)

# Of Intents (NOI) +0.5| O 0 +05| O +0.5| +0.5| +0.5| +1.0
# Of Tables in Database| +0.5| 0 | -1.0|+05|+05|+05| 0 | -1.0| +0.5
(NOTD)

# Of <usegpermissior 0 0 |+05| O 0 0 |-05|+05] O
(NOP)

By using this matrix, we obtained computation formulas for each quality
characteristics. We weighted proportionally the effects of metrics on quality
characteristics so that the computed values of all quality characteristics have the

same range. We seledt¢l as a range for the effects of metrics. For this reagen

changed the weights of each metric to ensure that the sum of the new weight values

of all metrics equal te1. WeusedBansi yaés QMOOD study while d
weights [17]. The resultingcomputational formulas for quality characteristics are

shown in Table 3.4.
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Table 3.4: COMPUTATION FORMULAS FOR QUALITY CHARACTERISTICS

QUALITY COMPUTATION EQUATION
CHARACTERISTIC
Functional Suitability +0.1*(NOC) +0.1*(DIT)-0.1*(COP) +0.1*(COH)
+0.1*(NOM) +0.1*(NOAC) +0.1*(NOS)
+0.1*(NOBR)

-0.1*(NOCP) +0.1*(NOT) +0.1*(MSDK)
+0.1*(TSDK) +0.1*(NOI) +0.1*(NOTD)

Reliability -0.25*(DIT) -0.25*(COP) +0.25*(COH)
+0.25*(NOAT)

+0.25*%(NOS) +0.25*(NOBR) +0.25*(NOCP)
+0.25*(NOT)

Perbrmance Efficiency | +0.5*(NOC)-0.5*(DIT) -0.25*(NOAT) -0.5*(CYC) -
0.25*(NOS) +0.25*(NOCP)0.5*(NOD) +0.5(NOT)-
0.5(NOTD) +0.25*(NOP)

Portability +0.33*(NOC) +0.165*(DIT) +0.165*(NOM)
+0.165*(NOS) +0.165*(NOCPY.33*(MSDK)
+0.165*(NOI) +0.165*(NOTD)

Maintainability +0.2*(NOC) +0.2*(DIT)-0.2*(COP)-0.2*(NOM)
+0.2*(NOAC) +0.2*(NOS) +0.2*(NOCP) +0.2*(NOT)
+0.2*(NOTD)

Data Integrity +0.09*(DIT) +0.09*(COP) +0.09*(COH)
+0.09*(NOAT) +0.09*(NOM) +0.18*(NOAC)
+0.09*(NOS) +0.09*(NOT) +0.09*(NOI)
+0.09*(NOTD)

Usability +0.125*(NOC)  +0.125*(NOAT)  +0.125*(NOM
+0.125*(NOAC)

+0.125*(NOS) +0.125*(NOCP) +0.125*(NOC
+0.125*(NOT)

+0.125*(NOI)-0.125*(NOP)

Security +0.2*(NOC) +0.2*(COP) +0.2*(COH) +0.2*(NOAT)
+0.2*(NOM) -0.2*(NOS) +0.2*(NOCP) +0.2*(NOI)
-0.4*(NOTD) +0.2*(NOP)

Compatibility +0.14*(DIT) +0.14*(COP) +0.14*(COH
+0.14*(NOAT)

+0.28*(NOI) +0.14*(NOTD)

We provided he minimum and maximum values of the quality characteristics
according to the computation formulasTable 3.5We tookzero Q) as a minimum
value of metrics,one (1) as a maximum value of metrics while calculating the
minimum and maximum values of the quality characteristés createdhe tableto

useit while adjustingthe ranges of quality characteristics in Section 4.1 and Section
4.5.
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Table 3.5: MIN AND MAX VALUES OF QUALITY CHARACTERISTICS

QUALITY MIN VALUE MAX VALUE TOTAL VALUE
CHARACTERISTIC

Functional Suitability -0.2 +1.2 +1
Reliability -0,5 +1,5 +1
Performance -2,5 +1,5 -1
Efficiency

Portability -0,33 +1,32 +0.99
Maintainability -0,4 +1,4 +1
Data Integrity 0 +0,99 +0,99
Usability -0,125 +1,125 +1
Security -0,6 +1,6 +1
Compatibility 0 0,98 +0,98
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CHAPTER IV

4 MODEL EVALUATION & RESULTS

In this chapter, we present a validation and the evaluation of the quality model and
results of the case studies. The first section contains the validation of the Android
Applications Quality Model and determination of a rating scale for quality
charactestics. The second section contains the information about selecting Android
applications fora case study. The third section contains the information about
gathering and normalizing metric data. The results are analyzedrih s@ction.

4.1 MODELVALIDATION

In order to verify the computed values of the Android Application Quality Model, we
used a group ahreeindependent evaluators to study the quality of two applications.
All evaluators hadour to five years of experience in software developtand had
knowledge of the Android application programming.

To select an open source application as a validation suite, we used an application
called FDroid [51], which is a catalogue dfee andopensource applications for
Android platform.We searchd for application based on the following critefri@am
F-Droi dés | i st

- To be popular

- To be open source

- To be small (max 5000 KLOC)
- To have at leasdtvo releases.

We selectedwo releases of 2048ndroid application as a validation suite: the first
release and the last relea3ée 2048android application [49] is a simple puzzle
game, which consists of 4.275 KLOC. It provides the expected criteria.

Three independent evaluatorsadyzed the source codes of the 2@4®lroid v1 and
2048android v2.06 and scored the quality characteristics. Participants scored each
quality characteristics on a range of [0, 10]. Table 4.1 shows the scores of 3
evaluators and the average values ofitpeharacteristics.
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Table 4.1: SCORES OF THE EVALUATORS TO 2048NDROID APPLICATIONS

2048android v1.0 2048android v2.06

Evaluators El |[E2 |E3 |AVG |E1 |E2 |E3 |AVG
Functional Suitability | 5 4 6 5 8 7 10 | 8,33
Reliability 4 3 6 433 |7 9 10 | 8,66
Performance 4 2 5 3,66 |6 5 8 6,33
Efficiency

Portability 2 5 7 466 |8 10 8 8,66
Maintainability 7 6 8 7 4 6 7 5,66
Data Integrity 5 3 6 466 |8 7 9 8
Usability 4 5 8 566 |7 9 10 | 8,66
Security 6 4 7 566 |8 7 8 7,66
Compatibility 2 3 5 333 |6 5 5 5,33

After that, to validate

the Android Application Quality Model we calculated the

quality scores for the two releases of the selected application by analyzing source
codes of them. To calculate the quality scoves,first gatheed the metricsof the

two releases. We described the methods we used for gathering nneBextion 4.3.

The metric values fahe releases of the 204#droid applicatiomre stated in Table

4.2. Since we combined actual metric values of different ranges in the computation
of the quality characteristics, normalization oésk metric values was necessary.
Thus we normalized these metric valu@$e calculation and normahtion methods

that were used in this study are explained in Section 4.3.

Table 4.2: METRIC VALUES FOR 2048ANDROID

2048android 2048android
v1.0 v2.06
# Of Classes (NOC) 11 12
Depth of Inheritance Tree (DIT) 5 5
Instability (COP) 0.5 1
1/ Lack of Cohesion of Methods (COH 0 16.1
# Of Attributes (NOAT) 0 4
# Of Methods (NOM) 2 8
McCabe Cyclomatic Complexity (CYC) 1 2.125
# Of Activities (NOAC) 1 1
# Of Services (NOS) 0 0
# Of Broadcast Receivers (NOBR) 0 0
# Of Content Providers (NOCP) 0 0
# Of Dialogs (NOD) 0 0
# Of Threads (NOT) 0 0
android:minSdkVersion (MSDK) 10 8
android:targetSdkVersion (TSDK) 19 23
# Of Intents (NOI) 0 0
# Of Tables in Database (NOTD) 0 0
# Of <usegpermission> (NOP) 0 0
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We calculated the values of identified nine quality characteristics by using the
computation formulas stated in Table 3.4. We used normalized values of the metrics
for each of the formula. Table 4shows the computed values of nine quality
characteristics fothe two releases dhe2048android game.

Table 4.3: COMPUTED QUALITY CHARACTERISTICS FOR 2048NDROID

2048android v1.0 2048android v2.06
Functional Suitability 0,1 0,3
Reliability 0 0,25
Performance Efficiency 0 -0,25
Portability -0,33 0,495
Maintainability 0 -0,2
Data Integrity 0 0,36
Usability 0 0,375
Security 0 1
Compatibility 0 0,42

Afterwards, to compare the results of the quality model and the results of the
evaluators we changed the ranges of compqtedity characteristics to [0, 10] by
using the formula provided below [52]:

NewValue =(Value- Min) * (NewMax - NewMin) +NewMin
Max - Min

Where

- Min and Max: The minimum and maximum values of quality characteristics
provided in Table 3.5.

- NewMin: New minimum value is O

- NewMax: New maximum value is 10

- Value: Values of quality characteristics provided in Table 4.3.

- NewValue: New values of quality characteristics within the new range [O,
10].

We calculated new values of quality characteristi¢s.provided them ifable 4.4

Table 4.4: COMPUTED QUALITY CHARACTERISTICS FOR 2048NDROID
WITHIN THE NEW RANGE [0, 10]

2048android v1.0 2048android v2.06

Functional Suitability | 2,14 3,57

Reliability 2,5 3,75

Performance Efficiency| 3,125 5,625

Portability 0 5

Maintainability 57 1,11

Data Integrity 0 3,63

Usability 1 4

Security 2,72 7,27
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| Compatibility 0 | 4,28 \

We usedPaired SamplesT-Test to calculate the difference between results of the
quality model and scores of the evaluatdfsthere are twodata setsn which
observations in ondata setcan be paired with observations in the ottata set
generally paired samplegdst is ued for comparison in statistics [54]. Thuse
selected this test to comparer twodata sets.

We obtained the Sig {Zailed) values and t values of 9 pairs by using IBM SPSS
Statistics [50]We provided lte values in Figure 44nd Figure 4.2

Paired Samples Test

Paired Differences
95%
Confidence __|
Mean Std. Deviation | Std. Error Mean Lower
Pair 1 FunctionalSuitabilityEvaluat
ar -
FunctionalSuitabilityModel | 381000 1.34350 95000 8,26089
i ReliabilityEvaluator -
S elabiiNeder 4,20500 09702 70500 475087
Pair3  PerformanceEfficiencyEval
uator -
PerformanceEfficiencyMod .62000 12021 .08500 -46003
el
i PortabilityEvaluator -
ottt Mool 4,16000 70711 50000 2,19310
Pair5 MaintainabilityEvaluator -
MaintainabilityModl 2.92500 229810 1,62500 1772258
i DatalntegrityEvaluator -
Pair® DatalntegrittyyModel 4,51500 20506 14500 2,67260
ir8  SecurityEvaluator -
Pair 8 sigﬂﬁérﬁiﬁ or 1.66500 1.80312 1.27500 -14,53541
ir9  CompatibilityEvaluator -
T ompatiii Mool 2,19000 161220 1,14000 12,29507

Figure4. 1. Paired Samples-Test of the Data Sets (Scores of Evaluators & Results
of the Model)
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Paired ...

95% Confidence
Interval of the __.

Upper t df Sig. (2-tailed)
Pair 1 FunctionalSuitabilityEvaluat
or -
FunctionalSuitabilityModel 1588089 4.0m 1 156
Pair 2  ReliabilityEvaluator -
ReliabilityModel 13,16287 5,965 1 106
Pair3 PerformanceEfficiencyEval
uator 1,70003 7.294 1 087
PerformanceEfficiencyMod : : :
el
i PortabilityEvaluator -
P bt Nodel 1051310 | 8320 1 076

Pair5  MaintainabilityEvaluator -

MaintainabilityModel 2357258 1.800 1 323
Pair 6 DatalntegrityEvaluator -

DatalntegrityModel 635740 | 31,138 1 020
Pair8 SecuntyEvaluator -

SecurityModel 17.86541 1.306 1 416
Pair 9 CompatibilityEvaluator - 16.67507 1.021 ; 306

CompatibilityModel

Figure 4.2: Paired Samples-Test of the Data Sets (Scores of Evaluators & Results
of the Model)

All Sig (2Tailed) values of the pairs are greater than 0.005. Thus, according to
paired samplestest results, there is a statistically significant correlation between the
two datasets. This correlatiomlidates our Android Applications Quality Modahd
suwpports the reliability of the model.

4.1.1 Determination of a Rating Scale

In order to elicit information about the results, we determined a rating foutiy
scoresf quality characteristics of Android applications. The rating scale corgiains
categories: @l Very Poor, 13 Poor, 35 Fair, 57 Good, 79 Very Good, and 90
Excellent.

| Very Poor | Poor | Fair | Good |  VeryGood | Excellent |
0 1 3 5 7 9 10

We applied our rating scale to the results of qualtgrateristics presented in Table
4.4 to figure out which categories they enter. According to the rating scale, the
guality characteristics computed by the Android Applications Quality Model for
2048 Android applications enter into tloategories providenh Table 4.5
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Table 4.5: THE CATEGORIES OF QUALITY CHARACTERISTICS OF 2048\NDROID
APPLICATIONS

2048android v1.0

2048android v2.06

Functional Suitability Ii’c}c?r ﬁjz
Reliability i’c?or ﬁ;rS
Performance Efficiency ,9:2;35 2253
Portability ?/ery Poor éood
Maintainability ?;’Zod é’oljr

Data Integrity ?/ery Poor |3;a6|?
Usability |1300r IA;air
Security 2,72 ot

Poor Very Good

Compatibility ?/ery Poor i;?

4.3 GATHERING EXPERIMENT DATA FOR CASE STUDY

To gather open source applications, we used an application caledid-[51].
searched

From FDr oi d 6 s
criteria:

- To be open source

i st w e

- To be larggmin 10000 KLOC)
- To have multiple releases.

We selected hree Android applications for case study: Adblock Plus [55]
KeePassDroid [564nd CosyDVR [57]The first application, Adblock Plus consists

have

f

of 11.055 KLOC and 10 releases. Adbldelks is a free open source application that
allows the user to block annoying advertisements, disable tracking and block
domains, which is known to spread malware. The other application, KeePassDroid

consists of 29.328 KLOC and 115 releases. KeePassxraadfree open source

password managelJsers carstoreall their passwords in one database, which is

locked with one master keyrhus usersiave to remembeonly one password to
reachthe whole databas&he third application, CosyDVR consists2#.087 KLOC
and 21 release€osyDVR is a free and open source DVR software kit designed for

in-car use.

We downloaded source codes of the selected applicationbdaase study. We
downloaded all releases of Adblock PRlu$0 out of the 115 releases of
KeePassibid, and 10 out of the 21 releases of CosyDWWile selecting the 10
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releases of KeePassDradd CosyDVRwe considered the releases that have more
commits. When some changes are made in application, commits are used to save the
changes t o repogitpry.li the actease ma$ rmore commits, it means that it
has more change§Ve preferred to download 10 releases of each application to
evaluate equal numbers of releases of the applications.

4.4 GATHERING AND NORMALIZING METRIC DATA

We calculatedhe 18 metrics that we described in Table 3.2 for the 10 releases of
Adblock Plus KeePassDroicand CosyDVR In this study, for calculating Object
Oriented metrics we usedckpse Metrics plugn 1.3.8 [58. For calculating the
additional metrics that waléntified, we implemented a Java program since there is
no tool or plugin developed specifically to calculate these metrics.

Using ECLIPSE plugn and our Java program, we obtained the metric valves.
provided them inTable 4.6 Table 4.7and Table 4.8Table 4.6contains the metric
values for Adblock Plus applicationTable 4.7 contains the metric values for
KeePassDroid applicationTable 4.8 contains the metric values for CosyDVR
application.If there was no metric value in the release of the application, we filled
the related cells with the hyphen mark (

Table 4.6: METRIC VALUES FOR ADBLOCK PLUS

[2) [2) [2) %) [2) [2]) [2]) 0 n (%))

= = = S = 2 2 = = =

o o o 0 o o o o o o

T B8 3413l BeldelD 3513

o o] o o3l oN|l oM oY | o ol o

OO0 oo | ol v | ad| ad | a9 | aN| N | o™

© © © © © © © © © ©

S| <SS | <T|<5| <SS |<T|<S|<T|<°S
# Of Classes (NOC) | 92 92 92 90 91 91 91 88 88 147
Depth of Inheritance | 8 8 4 5 5 5 5 5 5 5
Tree (DIT)
Instability (COP) 0.331 | 0.331| 0.593| 0.345| 0.345 | 0.351 | 0.345 | 0.334 | 0.334 | 0.357

1/ Lack of Cohesion | 5.714 | 5.714 | 5.154 | 5.814 | 5.882 | 5.882 | 5.848 | 5.747 | 5.747 | 4.807
of Methods (COH)
# Of Attributes 218 218 218 218 218 218 218 259 259 346
(NOAT)
# Of Methods (NOM) | 418 418 418 418 419 419 420 422 422 644

McCabe Cyclomatic | 3.294 | 3.293 | 3.323 | 3.310 | 3.293 | 3.293 | 3.290 | 3.231 | 3.231 | 2.549

Complexity (CYC)

# Of Activities 3 3 4 4 4 4 4 4 4 4
(NOAC)

# Of Services (NOS) | 2 2 2 2 2 2 2 2 2 2
# Of Broadcast 2 2 2 2 2 2 2 2 2 3
Receivers (NOBR)

# Of Content 0 0 0 0 0 0 0 0 0 0
Providers (NOCP)

# Of Dialogs (NOD) |1 1 1 1 1 1 1 1 1 1
# Of Threads (NOT) | 5 5 5 5 5 5 5 5 5 4
android:minSdkVersi| 7 7 7 7 7 7 7 7 7 9
on (MSDK)

android:targetSdkVer| 7 7 16 16 16 16 16 16 16 16
sion (TSDK)
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# Of Intents (NOI) 23 25 29 31 31 31 32 34 34 37
# Of Tables in 0 0 0 0 0 0 0 0 0 0
Database (NOTD)
# Of <uses 3 3 4 4 4 4 4 4 4 5
permission> (NOP)
Table 4.7: METRIC VALUES FOR KEEPASSDROID
S S i i S S g S S S
o o o o o o o o o o
o o a a =) =) a ) =) =)
7 7 7 7 7 7 7 7) 7 7
Salfol|f |8 |& |§& 83828 |&x
0O | oN| 00| O | 00| DO | | DA | ©O| ©O
LR L9 L8| LY |LT| LT | LT | LT | Y <Y
# Of Classes (NOC) | 60 92 125 | 109 | 110 | 359 | 425 | 429 |444 | 450
Depth of Inheritance | 6 7 8 9 10 10 10 10 10 10
Tree (DIT)
Instability (COP) 0.603 | 0.470| 0.433 | 0.285| 0.402 | 0.416 | 0.428 | 0.434 | 0.436 | 0.430
1/ Lack of Cohesion | 5.102 | 5.464 | 6.849 | 6.535 | 6.172 | 6.410 | 6.369 | 6.410 | 6.452 | 6.494
of Methods (COH)
# Of Attributes 143 201 250 190 640 650 725 731 773 777
(NOAT)
# Of Methods (NOM) | 295 412 525 360 1664 | 1726 | 2098 | 2163 | 2212 | 2241
McCabe Cyclomatic | 1.84 | 1.866 | 1.836 | 1.799 | 2.03 | 2.04 | 2.01 | 2.02 | 2.04 | 2.05
Complexity (CYC)
# Of Activities 2 5 6 6 7 10 12 12 12 13
(NOAC)
# Of Services (NOS) | 0 1 1 1 1 1 1 1 1 1
# Of Broadcast 0 0 0 0 0 0 0 0 0 0
Receivers (NOBR)
# Of Content 0 0 0 0 0 0 0 0 0 0
Providers (NOCP)
# Of Dialogs (NOD) | O 1 4 5 6 5 5 5 5 5
# Of Threads (NOT) | O 0 0 0 0 0 0 0 0 0
android:minSdkVersi| 1 1 3 3 3 3 3 3 3 3
on (MSDK)
android:targetSdkVer| - - - 4 8 8 12 12 12 12
sion (TSDK)
# Of Intents (NOI) 2 19 19 16 19 26 24 30 29 30
# Of Tables in 7 10 10 13 23 26 33 34 39 39
Database (NOTD)
# Of <uses 0 0 0 1 1 1 2 2 2 2
permission> (NOP)
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Table 4.8: METRIC VALUES FOR COSYDVR

14 14 o 14 14 o 14 14 14 14
3 |Bw|Bo|ld |B |8 |B4|lBuw|Baldd
(90] (o) — n ()] —
oS |o0oS|oS| oS |oS| 0SS |0oS| 0SS |08 OS
# Of Classes (NOC) 23 23 25 25 25 25 25 25 26 60
Depth of Inheritance
Tree (DIT) 7 7 7 7 7 7 7 7 7 6
Instability (COP) 1 1 1 1 1 1 1 1 1 0,603
1/ Lack of Cohesion 13,3 13,3 13,3 13,8
of Methods (COH) 12,19| 12,19 3 13,33 3 13,33 3 13,33 8 5,102
# Of Attributes
(NOAT) 63 65 68 68 69 71 71 73 80 143
# Of Methods
(NOM) 49 49 55 55 56 57 57 57 56 295
McCabe Cyclomatic 2,36 2,42 2,42 2,78
Complexity (CYC) 2,184 | 2,204 4| 2364 o | 2421 1| 2526 9| 184
# Of Activities
(NOAC) 1 1 1 1 1 1 1 1 1 1
# Of Services (NOS) 1 1 1 1 1 1 1 1 1 1
# Of Broadcast
Receivers (NOBR) 0 0 0 0 0 0 0 0 0 0
# Of Content
Providers (NOCP) 0 0 0 0 0 0 0 0 0 0
# Of Dialogs (NOD) 0 0 0 0 0 0 0 0 0 0
# Of Threads (NOT) 0 0 0 0 0 0 0 0 0 0
android:minSdkVersi
on (MSDK) 11 11 11 11 11 16 16 16 16 16
android:targetSdkVe|
sion (TSDK) 17 17 17 17 17 17 17 17 17 17
# Of Intents (NOI) 4 4 5 5 5 5 5 5 5 6
# Of Tables in
Database (NOTD) 0 0 0 0 0 0 0 0 0 0
# Of <uses
permission> (NOP) 8 8 12 8 o 9 o 9 9 9

Since we combined actual metric values of different ranges in the computation of the
quality characteristics,normalization of these metric values was necessary.
Thereforewe normalized the metric values. We used Miax Normalization that is

the processonvertingdata to a value between 0 and 1.

We calculatedite normalized value ahe metric value Xn theiy, row as [59:

% - R
Xi,Otol_ X _)12

Max Min

where
Xmin = the minimum value for variable X
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Xmax= the maximum value for variable X

We did the normalization of the valuestbfeeapplications separately becaukest
independent vendors have depdd the applications. Table94.Table 410 and
Table 4.11show the normalized metric values for Android Applications.

Table 4.9: NORMALIZED METRIC VALUES FOR ADBLOCK PLUS

5 |3 |5 |3 |5 |3 |5 |3 |5 |53
o o o o o o o o o o
18518 |35 Bl Bl B3 |34
S o= o Sl oNl o™ oY o o<l o
2C 20|l ol o o] g o< aN| oaN| 2™
I T 29| 2| IS IF| T 29| 29| IS

# Of Classes (NOC) 0,067 | 0,067 | 0,067 | 0,033| 0,050| 0,050| 0,050 O 0 1

Depth of Inheritance

Tree (DIT) 1 1 0 0,25 (0,25 (0,25 | 0,25 | 0,25 | 0,25 | 0,25

Instability (COP) 0 0 1 0,053 0,053| 0,076 | 0,053| 0,011 | 0,011 | 0,099

1 / Lack of Cohesion o

Methods (COH) 0,843| 0,843 0,322 0,936 1 1 0,968 | 0,874| 0,874| O

# Of Attributes (NOAT) | 0 0 0 0 0 0 0 0,320] 0,320 1

# Of Methods (NOM) 0 0 0 0 0,004 | 0,004 | 0,008 0,017| 0,017 | 1

McCabe Cyclomatiq

Complexity (CYC) 0,962| 0,961 | 1 0,983| 0,961 | 0,961 | 0,957 0,881| 0,881 | O

# Of Activities (NOAC) |0 0 1 1 1 1 1 1 1 1

# Of Services (NOS) 0 0 0 0 0 0 0 0 0 0

# Of Broadcast Receivel

(NOBR) 0 0 0 0 0 0 0 0 0 1

# Of ContentProviders

(NOCP) 0 0 0 0 0 0 0 0 0 0

# Of Dialogs (NOD) 0 0 0 0 0 0 0 0 0 0

# Of Threads (NOT) 1 1 1 1 1 1 1 1 1 0

android:minSdkVersion

(MSDK) 0 0 0 0 0 0 0 0 0 1

android:targetSdkVersio

(TSDK) 0 0 1 1 1 1 1 1 1 1

# Of Intents (NOI) 0 0,142 | 0,428 | 0,571 | 0,571 | 0,571 | 0,642 | 0,785| 0,785| 1

# Of Tables in Databag

(NOTD) 0 0 0 0 0 0 0 0 0 0

# Of <usegpermission>

(NOP) 0 0 0,5 0,5 0,5 0,5 0,5 0,5 0,5 1
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Table 4.10: NORMALIZED METRIC VALUES FOR KEEPASSDROID

S S S S S o S S i) o
e e e e e e o o e e
a) a) e e a) a) o) o) a) a
) ) )] )] 0 0 (7)) (7)) 0 )]
] ] 1] 1] %] %] (2] o (2] o)) %] %]
colfolf S |8, |SaEg|S | &2
T 5| e To| %o BT 58| | To
MR RVASR VAR I ASE I S I S B ASE BV ASE EVANE VAN
# Of Classes (NOC) | 0 0,082 | 0,166 | 0,125 | 0,128 | 0,766 | 0,935 | 0,946 | 0,984 | 1
Depth of Inheritance
Tree (DIT) 0 0,25 0,5 0,75 1 1 1 1 1 1
Instability (COP) 1 0,581 (0,465 | 0 0,367 | 0,411 | 0,449 | 0,468 | 0,474 | 0,455
1/ Lack of Cohesion
of Methods (COH) 0 0,207 | 1 0,82 | 0,612 | 0,748 | 0,725 | 0,748 | 0,772 | 0,796
# Of Attributes
(NOAT) 0 0,091 | 0,168 | 0,074 | 0,783 | 0,799 | 0,917 | 0,927 | 0,993 | 1
# Of Methods (NOM)| 0 0,06 | 0,118 0,033 | 0,703 | 0,735| 0,926 | 0,959 | 0,985 | 1
McCabe Cyclomatic
Complexity (CYC) 0,163 | 0,266 | 0,147 | O 0,92 0,9 (084 | 0,88 | 0,9 1
# Of Activities
(NOAC) 0 0,272 | 0,363 | 0,363 | 0,454 | 0,727 | 0,909 | 0,909 | 0,909 | 1
# Of Services (NOS) 1 1 1 1 1 1 1 1
# Of Broadcast
Receivers (NOBR) 0 0 0 0 0 0 0 0 0
# Of Content
Providers (NOCP) 0 0 0 0 0 0 0 0 0 0
# Of Dialogs (NOD) | 0 0,2 0,8 1 1,2 1 1 1 1 1
# Of Threads (NOT) | 0 0 0 0 0 0 0 0 0 0
android:minSdkVersi
on (MSDK) 0 0 1 1 1 1 1 1 1 1
android:targetSdkVer
sion (TSDK) 0 0 0 0,333 | 0,666 | 0,666 | 1 1 1 1
# Of Intents (NOI) 0,607 | 0,607 | 0,5 0,607 0,857 | 0,785 1 0,964 | 1
# Of Tables in
Database (NOTD) 0 0,093 | 0,093 | 0,187 | 0,5 0,593 0,812 0,843 | 1 1
# Of <uses
permission> (NOP) 0 0 0 0.5 0.5 0.5 1 ! ! !
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Table 4.11: NORMALIZED METRIC VALUES FOR COSYDVR

@ @ @ @ o o @ x x x
2 |80 8e|8 |8 |3 |8<|Bw|8a|BE
20| 50| 23| o | aa| 2o | 2o | 5o | 5o | Bm
33/835|85|85|85|85|835|85|85|8%
# Of Classes (NOC) 0 0| 0,054| 0,054 | 0,054| 0,054| 0,054| 0,054| 0,081 1
Depth of Inheritance
Tree (DIT) 1 1 1 1 1 1 1 1 1
Instability (COP) 1 1 1 1 1 1 1 1 1 0
1/ Lack of Cohesion
of Methods (COH) 0,807 | 0,807| 0,937| 0,937| 0,937 0,937| 0,937 | 0,937 1 0
# Of Attributes
(NOAT) 0| 0,025| 0,062 | 0,062 | 0,075 0,1 0,1| 0,125 0,212 1
# Of Methods (NOM) 0 0| 0,024| 0,024| 0,028 | 0,032| 0,032| 0,032| 0,028 1
McCabe Cyclomatic
Complexity (CYC) 0,362 0,383| 0,552| 0,552| 0,620 0,612 | 0,612 | 0,722 1 0
# Of Activities
(NOAC) 0 0 0 0 0 0 0 0 0 0
# Of Services (NOS) 0 0 0 0 0 0 0 0 0 0
# Of Broadcast
Receivers (NOBR) 0 0 0 0 0 0 0 0 0 0
# Of Content
Providers (NOCP) 0 0 0 0 0 0 0 0 0 0
# Of Dialogs (NOD) 0 0 0 0 0 0 0 0 0 0
# Of Threads (NOT) 0 0 0 0 0 0 0 0 0 0
android:minSdkVersi
on (MSDK) 0 0 0 0 0 1 1 1 1 1
android:targetSdkVer
sion (TSDK) 0 0 0 0 0 0 0 0 0 0
# Of Intents (NOI) 0 0 0,5 0,5 0,5 0,5 0,5 0,5 0,5 1
# Of Tables in
Database (NOTD) 0 0 0 0 0 0 0 0 0 0
# Of <uses
permission> (NOP) 0 0 1 0 0,25| 0,25| 0,25| 0,25| 0,25| 0,25

4.5 ANALYZING RESULTS

We calculated the values of identified nine quality characteristics by using the
computation formulas stated in Table 3.4. We used normalized values of the metrics
for each of the formula. Table £21Table 4.B and Table 4.14hows the computed
values of nine quality characteristics for theee Android applications based on the
normalized metric values.
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Table 4.12 COMPUTED QUALITY CHARACTERISTICS FOR ADBLOCK PLUS

8 g 8 8 3 3 g g 8 8
o o o o o o o o o o
S S S S S S S S S S
9S o< | o o |l oN I o™ | oY | o o< | o
2 g9 o< | ||| g | aN | a®™
Y| |2F 2T || T |2 F |2 T |25 |2
Functional
Suitability 0,291 0,305 0,281 | 0,473 | 0,482 | 0,479 | 0,486 | 0,491 | 0,491 | 0,715
Reliability 0,210 0,210 | 0,080 | 0,408 | 0,424 | 0,418 | 0,416 | 0,483 | 0,483 | 0,412
Performance | - - - -
Efficiency 0,447 | 0,447 | 0,158 | 0,025 | 0,044 | 0,044 | 0,046 | 0,020 | 0,020 | 0,375
Portability 0,187 | 0,210 | 0,092 | 0,146 | 0,152 | 0,152 | 0,165 | 0,173 | 0,173 | 0,371
Maintainabili
ty 0,289 | 0,289 | 0,149 | 0,312 | 0,315 0,311 | 0,315 | 0,315 | 0,315 | 0,441
Data
Integrity 0,255 | 0,268 | 0,427 | 0,432 | 0,439 | 0,441 | 0,442 | 0,473 | 0,473 | 0,481
Usability 0,133 0,151 | 0,249 | 0,263 | 0,265 | 0,265 | 0,275 | 0,327 | 0,327 | 0,5
Security 0,182 | 0,210 | 0,463 | 0,418 | 0,435 | 0,440 | 0,444 | 0,501 | 0,501 | 1,019
Compatibility | 0,258 | 0,297 | 0,304 | 0,333 | 0,342 | 0,345 | 0,357 | 0,423 | 0,423 | 0,468
Table 4.13 COMPUTED QUALITY CHARACTERISTICS FOR KEEPASSDROID
S S S S S S S S i) i)
(@] (@] (@] (@] (@] (@] (@] (@] (@] (@]
A & [a [a & [a A A & a
? ? ? ? ? ? 7 7 ? ?
S 6o 6. 6. 608,158 83 5,852
O | oN | 0O | O | 00| 0O | O | 0 | 09 | ©O
velee e |2d|ed|gF|eF|eT|eY¥ | 2¢d
Functional
Suitability -0,1 0,199 | 0,438 | 0,511 | 0,630 | 0,768 | 0,864 | 0,893 | 0,914 | 0,934
Reliability -0,25 | 0,116 | 0,300 | 0,286 | 0,257 | 0,284 | 0,298 | 0,301 | 0,322 | 0,335
Performance | - - - - - - - - -
Efficiency 0,081| 0,636 | 0,979 | 1,049 | 2,066 | 1,718 | 1,587 | 1,620 | 1,736 | -1,75
Portability 0 0,358 | 0,107 | 0,118 | 0,340 | 0,613 0,724 | 0,774 | 0,811 | 0,825
Maintainabilit
y -0,2 0,111 | 0,107 | 0,178 | 0,002 | 0,188 | 0,256 | 0,254 | 0,286 | 0,309
Data Integrity | 0,09 | 0,308 | 0,420 | 0,368 | 0,583 | 0,683 | 0,758 | 0,788 | 0,810 | 0,832
Usability 0 0,289 | 0,402 | 0,324 | 0,546 | 0,673 | 0,684 | 0,717 | 0,729 | 0,75
Security 0,2 0,088 | 0,267 | 0,135| 0,34 | 0,526 | 0,622 | 0,672 | 0,634 | 0,650
Compatibility | 0,14 | 0,341 0,481 | 0,396 | 0,626 | 0,737 | 0,766 | 0,838 | 0,863 | 0,875
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Table 4.14 COMPUTED QUALITY CHARACTERISTICS FOR COSYDVR

LN LR LN AN E
(40] © — Ko} (o)) —
2215821581521 5y 521551535052
— — — — — — — — — —
S5>18>18>18>18>18>|8>|8>|8>|8"
Functional
Suitability 0,080 | 0,080 | 0,151 | 0,151 | 0,151 | 0,252 | 0,252 | 0,252 | 0,260 | 0,4
Reliability - - - - - - - - -
0,298 | 0,292 | 0,250 | 0,250 | 0,247 | 0,240 | 0,240 | 0,234 | 0,197 | 0,25
Performance | - - - - - -

Efficiency 0,681 | 0,697 | 0,514 | 0,764 | 0,739 | 0,741 | 0,741 | 0,802 | -0,95 | 0,312
Portability

0,165 0,165 | 0,269 | 0,269 | 0,269 | 0,059 | 0,059 | 0,059 | 0,051 | 0,33

Maintainabili - - - - - - -
ty -0,4 -04 |0,394|0,394| 0,394 | 0,395| 0,395| 0,395| 0,389 | O
Data
Integrity 0,252 | 0,254 | 0,317 | 0,317 0,318 | 0,321 | 0,321 | 0,323 | 0,336 | 0,27
Usability -

0 0,003 | 0,045 | 0,08 | 0,05 | 0,054 | 0,054 | 0,057 | 0,071 | 0,468
Security 0,361 | 0,366 | 0,715 | 0,515 | 0,568 | 0,574 | 0,574 | 0,579 | 0,614 | 0,85

Comepatibility | 0,392 | 0,396 | 0,559 | 0,559 | 0,561 | 0,565 | 0,565 | 0,568 | 0,589 | 0,42

In order to identify the categories of quality characteristics of the releases,
changed the ranges of computed quality characteristics to [0, 10]. We stated the
formula used for changing the ranges of quality characteristi@sdtion 4.1.

When all quality characteristiagere converted to the range of [0, 10], we applied
our rating scale to these values. The rating scale corgedrtategories: 4 Very
Poor, 13 Poor, 35 Fair, 57 Good, 79 Very Good and9-10 Excellent. We
illustrated the rating scale in Section 4.1.1.

Table 4.5, Table 4.16and Table 4.1 shows the changed values of nine quality

characteristics for théhree Android applications based on the ranges of [0,10] and
the categories they entered according tadigtermined rating scale.
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Table 4.15 COMPUTED QUALITY CHARACTERISTICS FOR ADBLOCK PLUS
WITHIN THE RANGE [0, 10] AND THE CATEGORIES OF THE VALUES

g g g 8 8 8 g g g 3

o o o o o o o o o o

S S S S S S S S S S

S o | o o | oN | o™ | oY | © o | o

20 | 29 | o< | | g | o< | N | N | g™

IF|2FT || 2SR F|&F|2F|2F|2F |2
Functional 3,507 | 3,607 | 3,435 | 4,807 | 4,871 | 4,85 | 4,9 4,935| 4,935 | 6,535
Suitability

Fair | Fair Fair Fair Fair Fair Fair Fair Fair Good
Reliability 355 | 355 |29 454 | 462 | 459 |458 |4,915|4,915]| 4,56

Fair | Fair Poor | Fair Fair Fair Fair Fair Fair Fair
Performance| 5,132 | 5,132 | 6,645 | 6,312 | 6,36 | 6,36 | 6,365 | 6,2 6,2 7,187
Efficiency Good | Good | Good | Good | Good | Good | Good | Good | Good | Very

Good

Portability 3,133| 3,272 | 2,557 | 2,884 | 2,921 | 2,921 | 3 3,048 | 3,048 | 4,248

Fair Fair Poor | Poor | Poor | Poor | Fair Fair Fair Fair
Maintainabil | 3,827 | 3,827 | 3,05 | 3,955| 3,972 | 3,95 | 3,972 | 3,972 | 3,972 | 4,672
ity Fair Fair Fair Fair Fair Fair Fair Fair Fair Fair
Data 255 | 268 |427 (432 |439 |4,41 |4,42 | 4,73 | 4,73 |4,81
Integrity Poor | Poor | Fair Fair Fair Fair Fair Fair Fair Fair
Usability 2,064 | 2,208 | 2,992 | 3,104 | 3,12 | 3,12 | 3,2 3,616 | 3,616 | 5

Poor | Poor | Poor | Fair Fair Fair Fair Fair Fair Good
Security 3,554 | 3,681 | 4,831 | 4,627 | 4,704 | 4,727 | 4,745 | 5,004 | 5,004 | 7,359

Fair | Fair Fair Fair Fair Fair Fair | Good | Good | Very

Good

Compatibilit | 2,58 | 2,97 | 3,04 | 3,33 | 3,42 | 3,45 |357 |4,23 | 4,23 | 4,68
y Poor | Poor | Fair Fair Fair Fair Fair Fair Fair Fair
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Table 4.16: COMPUTED QUALITY CHARACTERISTICS FOR KEEPASSDROID
WITHIN THE RANGE [0, 10] AND THE CATEGORIES OF THE VALUES

S S S S S S S S S S
o o o o o o o o o o
) ) ) ) a ) a a a a
7 7 7 7 7 7 7 3 7 3
| &o | & 5 5 5 S| a8 g o
vO | oN | 090 | o9 | 090 | 09 | 09 | 0O | 0O | ©©O
C2 LS LS LT LT LT LT 2T |2 |28
Functional | 0,714| 2,85 | 4,557 | 5,078 | 5,928 | 6,914 | 7,6 7,807 | 7,957 | 8,1
Suitability Very | Poor | Fair | Good | Good | Good | Very | Very | Very | Very
Poor Good | Good | Good | Good
Reliability 1,25 | 3,08 |4 3,93 |3,785|3,92 |3,99 |4,005|4,11 | 4,175
Poor | Fair Fair Fair Fair Fair Fair Fair Fair Fair
Performance 6,047 | 4,66 | 3,802 | 3,627 | 1,085 | 1,955 | 2,282 | 2,2 1,91 | 1,875
Efficiency Good | Fair Fair Fair Poor | Poor | Poor | Poor | Poor | Poor
Portability 2 4,169 | 2,648 | 2,715 | 4,060 | 5,715 | 6,387 | 6,690 | 6,915 | 7
Poor | Fair | Poor | Poor | Fair | Good | Good | Good | Good | Very
Good
Maintainabil | 1,111 | 2,838 | 2,816 | 3,211 | 2,233 | 3,266 | 3,644 | 3,633 | 3,811 | 3,938
ity Poor | Poor | Poor | Fair Poor | Fair Fair Fair Fair Fair
Data 0,9 3,08 | 4,2 3,68 |583 |683 |758 |7,88 |81 8,32
Integrity Very | Fair | Good | Fair | Good | Good | Very | Very | Very | Very
Poor Good | Good | Good | Good
Usability 1 3,312 | 4,216 | 3,592 | 5,368 | 6,384 | 6,472 | 6,736 | 6,832 | 7
Poor | Fair Fair Fair | Good | Good | Good | Good | Good | Very
Good
Security 3,636 | 3,127 | 3,940 | 3,340 | 4,272 | 5,118 | 5,554 | 5,781 | 5,609 | 5,681
Fair Fair Fair Fair Fair Good | Good | Good | Good | Good
Compatibilit | 1,4 341 | 481 |39 |6,26 |737 |7,66 |838 |863 |8,75
y Poor | Fair Fair Fair | Good | Very | Very | Very | Very | Very
Good | Good | Good | Good | Good
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Table 4.17. COMPUTED QUALITY CHARACTERISTICS FOR COSYDVRVITHIN
THE RANGE [0, 10] AND THE CATEGORIES OF THE VALUES

AE LR LN E NN E
™ © — Lo (o] -

25 198]85/84/84 84 (85(858 25|85

= = = (= (= (= = = (= =
8>|8>]8>18>|8>|8>|8>]8>|83>|8"~

Functional 2 2 2,507 | 2,507 | 2,507 | 3,228 | 3,228 | 3,228 | 3,285 | 4,285
Suitability Poor | Poor | Poor | Poor | Poor | Fair | Fair | Fair | Fair | Fair

Reliability 1,01 1,04 |125 |1,25 |1,265|1,3 1,3 1,33 | 1,515 | 3,75
Poor | Poor | Poor | Poor | Poor | Poor | Poor | Poor | Poor | Fair
Performance | 4,547 | 4,507 | 4,965 | 4,34 | 4,402 | 4,397 | 4,397 | 4,245 | 3,875 | 7,03

Efficiency Very

Fair Fair Fair Fair Fair Fair Fair Fair Fair Good
Portability 3 3 3,630| 3,630 | 3,630 | 1,642 | 1,642 | 1,642 | 1,690 | 4

Poor | Poor | Fair Fair Fair Poor | Poor | Poor | Poor | Fair
Maintainabili | O 0 0,033 | 0,033 | 0,033 | 0,027 | 0,027 | 0,027 | 0,061 | 2,222
ty Very | Very | Very | Very | Very | Very | Very | Very | Very

Poor | Poor | Poor | Poor | Poor | poor | Poor | Poor | Poor | Poor
Data 252 | 254 |317 |3,17 |3,18 |321 |3,21 |323 |33 |27
Integrity Poor | Poor | Fair Fair Fair Fair Fair Fair Fair Poor
Usability 1 1,024 064 |164 |14 1,432 | 1,432 | 1,456 | 1,568 | 4,744

Very Very

Poor | Poor | Poor | Poor | Poor | Poor | Poor | Poor | Poor | Fair
Security 4,368 | 4,390 | 5,977 | 5,068 | 5,309 | 5,336 | 5,336 | 5,359 | 5,518 | 6,590

Fair Fair Good | Good | Good | Good | Good | Good | Good | Good
Compatibility | 3,92 | 3,96 | 559 |559 |561 (565 |565 |568 |589 |42
Fair Fair Good | Good | Good | Good | Good | Good | Good | Fair

We drew the plots of quality characteristics based on these computed Wdues.
provided he plots of quality characteristics of Adbloelus KeePassDroiénd
CosyDVRapplications in Figure 4,3 igure 4.4and Figure 4.

6 =d=Functional Suitability
=“=Reliability

5 - , P—
= . .—,/H_H\ _— Performance Efficienc
V. mmm— - — > ¥
4 / -7 =w=Portability
R—— s "
D"—‘—‘-&'ﬂ?\/ V4 =¥=NMaintainability
P W 4 )
3 ‘}i.:/f . : 3 C Data Integrity
' Usability
2 Security
Compatibility

Adblock Adblock Adblock Adblock Adblock Adblock Adblock Adblock Adblock Adblock
Plus 1.0 Plus1.0.1 Plus1.1 Plus1.1.1 Plus 1.1.2 Plus 1.1.3 Plus 1.1.4 Plus 1.2 Plus1.2.1 Plus1.3

Figure 4.3: Plots Of Quality Characteristics Of Adblock Plus
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Quality scores of all quality characteristics, which are Functional Stufiyabil
Reliability, Performance Efficiency, Portability, Maintainability, Data Integrity,
Usability, Securityand Compatibility, ofAdblock Plusapplicationincreased.

Quality Score of Functional Suitability: According to the Functional
Suitability formula in Table 3.4,hte increase itNumber of Classes (NOC),
Depth of Inheritance Tree (DIT), Degree of Cohesion (COH), Number of
Methods (NOM), Number of Activities (NOAC), Number of Services (NOS)
Number of Broadcast Receivers (NOBR), Number of Thse@dOT),
Android Min SDK Version (MSDK), Android Target SDK Version (TSDK),
Number of Intents (NOI) and Number of Tables in Database (NOTD) metrics
affects characteristic positivelyjumber of Content Providers (NOCRhd
Degree of Coupling (CORNetrics dfect the characteristic negativelylhe
metric values of NOC, COP, NOM, NOAC, NOBR, MSDK, TSkitad NOI
increaed; DIT, COH, and NOTdecreased fronthe first releaseto the last
release othe application.The changesn the values of metriceaused the
increase in total.

Quality Score of Reliability: According to the Reliability formula in Table
3.4,the increase iDepth of Inheritance Tree (DIT) and Degree of Coupling
(COP) metrics affects Functional Suitability characterisegatively;Degree

of Cohesion (COH), Number of Attributes (NOAT), Number of Services
(NOS), Number of Broadcast Receivers (NOBR), Number of Content
Providers (NOCP) and Number of Threads (NOT) metrics affect the
characteristic positively. The metric value§ COP, NCGAT, and NOBR
increasedDIT, COH, and NOTdecreased fronthe first releaseto the last
release othe application. The changes the values of metriceaused the
increase in total.

1. The reasorior the sudde decrease in the quality scoadsReliability
characteristidbetween Adblock Plus v1.0.1 and v1.1 is the decrease in
the degree of coupling, which was identified as Instability (COP)
metric in our study. COP value is 0.331 in Adblock Plus v1.0.1 and
0.593 in Adblock Plus v1.1.

The main reason dhe decrease in Instability (COP) metric nisost
probably the decrease in Depth of Inheritance Tree (DIT) metric.
Developers of Adblock Plus probably decreased the maximum length
of a path from a class to the root class in the inheetdmerarchy to
reduce the complexity of the application. When DIT metric was 8 in
Adblock Plus v1.0.1, it was more difficult to make chang&hout
impacting the rest of the application. Application was more stable.
DIT metric was 4 in Adblock Plus vl.Imeans making changes on
application became easier. Instability of application increased.

As can be understood frothe formulaof Reliability, COP metic
affects quality score of the characteristiegatively. The increase in
this metric value reduced thequality score of Reliability
characteristic
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2. The reasonfor the decrease in the quality scores of Reliability
between Adblock Plus v1.2.1 and v1.3 is tleerease in the value of
Cohesion (COH) and increase in the value of Instability (COP). COH
metric dfects the quality score positively and COP metric affects
negatively. The changes in the values of metrics caused the decrease
in total.

It is impossible to arrive any definite outcome about the main reason
of the decrease in the value of COH metid the increase in the
value of COP metridlt is probablybecause ofhe decrease in linearly
independent paths through source code. McCabe Cyclomatic
Complexity (CYC) measures the linearly independent paths. The
decrease in CYC metric indicates thas¢ dependency increased. The
increase of dependency may be the reason of the decrease in cohesion.
Apart from that, the increase in class number and method number may
also the reason for the decrease of cohesion. Because cohesion
measures how well the mett®of a class are related to each other.
Low cohesion ofte correlates with high couplinf46]. The main
reason of the increase in COP metric may be the decrease in COH
metric.

- Quality Score of Performance Efficiency:According to the Performance
Efficiency formula in Table 3.4he increase iMNumber of Classes (NOC),
Number of Content Providers (NOCP), Number of Threads (NOT) and
Number of Permissions (NOP) metrics affélse characteristicpositively;
Depth of Inheritance Tree (DIT), Number of Attribat (NOAT), McCabe
Cyclomatic Complexity (CYC), Number of Services (NOS), Number of
Dialogs (NOD), Number of Tables in Database (NOTD) affect the
characteristic negativelyThe metric values oNOC, NOAT, and NOP
increasedDIT, CYC, and NOTdecreased fronthe first releaseto the last
release othe application. The changens the values of metriceaused the
increase in total.

- Quality Score of Portability: According to the Portability formula in Table
3.4, he increase in Number of Classes (NOC), Degthnberitance Tree
(DIT), Number of Methods (NOM), Number of Services (NOS), Number of
Content Providers (NOCP), Number of Intents (NOI), Number of Tables in
Database (NOTDjnetricsaffect the characteristic positivelyAndroid Min
SDK Version (MSDK) metric affects the characteristic negatively. The
metric values of NOC, NOMMSDK, and NOlincreased,DIT decreased
from thefirst releasedo the last release aheapplication. The changes the
values of metricgaused the increase in total.

1. The reasorior the sudden decrease in the quality scores of Portability
between Adblock Plus v1.0.1 and v1.1 is the decrease in the value of
Depth of Inheritance Tree (DIT) metric. DIT value is 8 in Adblock
Plus v1.0.1 and 4 in Adblock Plus v1.1. As DIT metric affecislity
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score of Portability positively, the decrease in this metric value
reduced the quality score of Portability characteristic.

The main reason of the decrease in the value of DIT metric is

probably thepreference of the developeevelopers of Adblok

Plus probably decreased the maximum length of a path from a class to
the root class in the inheritance hierarchy to reduce the complexity of
the application.

Quality Score of Maintainability: According to the Maintainability formula

in Table 3.4, thencrease in Number of Classes (NOC), Depth of Inheritance
Tree (DIT), Number of Activities (NOAC), Number of Services (NOS),
Number of Content Providers (NOCP), Number of Threads (NOT) and
Number of Tables in Database (NOTMDjetrics affect the characteristi
positively, Degree of Coupling (COP) and Number of Methods (NOM)
metricsaffect the characteristic negativeljhe metric values of NOGCOP,
NOM, and NOACincreasedDIT and NOTdecreased frorthe first release

to the last release ofhe application.The changesn the values of metrics
caused the increase in total.

1. The reasonfor the sudden decrease in the quality scores of
Maintainability characteristic between AdbloB#us v1.0.1 and v1.1
is the decrease in the degree of coupling, which was identified as
Instability (COP) metric in our study. COP value is 0.331 in Adblock
Plus v1.0.1 and 0.593 in Adblock Plus v1.1.

The main reason of the decrease in Instability (C@Biric is most
probably the decrease in Depth of Inheritance Tree (DIT) metric.
Developers of Adblock Plus probably decreased the maximum length
of a path from a class to the root class in the inheritance hierarchy to
reduce the complexity of the applicat. When DIT metric was 8 in
Adblock Plus v1.0.1, it was more difficult to make changes without
impacting the rest of the application. Application was more stable.
DIT metric was 4 in Adblock Plus v1.1; means making changes on
application became easienstability of application increased.

As can be understood from the formula of Maintainability, COP
metric affects quality score of the characteristics negatively. The
increase in this metric value reduced the quality score of
Maintainability characteristi

Quality Score of Data Integrity: According to the Data Integrity formula in
Table 3.4, the increase iDepth of Inheritance Tree (DIT), Degree of
Coupling (COP), Degree of Cohesion (COH), Number of Attributes (NOAT),
Number of Methods (NOM), Number dAictivities (NOAC), Number of
Threads (NOT), Number of Intents (NOfetrics affect the characteristic
positively. The metric values of COP, NOAT, NOM, NOA@nd NOI
increased; DIT, COH, and NOT decreadeuin the first releaseto the last
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release othe application. The changes the values of metriceaused the
increase in total.

Quality Score of Usability: According to the Usability formula in Table 3.4,
the increase in Number of Classes (NOC), Number of Attributes (NOAT),
Number of Methods (NOM), Nuber of Activities (NOAC),Number of
Services (NOS), Number of Content Providers (NOCP), Number of Dialogs
(NOD), Number of Threads (NOT), Number of Intents (N@igtricsaffect

the characteristic positivelfjNumber of Permissions (NOP) metric affects the
characteristic negativelyThe metric values dNOC, NOAT, NOM, NOAC,
NOI, and NOPincreased; NOT decreaséwm the first releaseto the last
release othe application. The changes the values of metriceaused the
increase in total.

Quality Score of Security: According to the Security formula in Table 3.4,
the increase in Number of Classes (NOC), Degree of Coupling (COP),
Degree of Cohesion (COH), Number of Attributes (NOAT), Number of
Content Providers (NOCP), Number of Intents (NOI) and Number of
Pemissions (NOP) metrics affect the characteristic positively; Number of
Services (NOS), Number of Tables in Database (NOTD) metrics affects the
characteristic negatively. The metric values of NOC, COP, NOAT, NOM,
NOI, and NOP increased; CO#ecreased fronthe first releaseto the last
release othe application. The changen the values of metriceaused the
increase in total.

Quality Score of Compatibility: According to the Compatibility formula in
Table 3.4, the increase iDepth of Inheritance Tree (DIT), Degree of
Coupling (COP), Degree of Cohesion (COH), Number of Attributes (NOAT),
Number of Intents (NOI), Number of Tables in Database (NOTD) metrics
affects the characteristic positiveljhe metric values oc€OP, NOAT, NQ,

and NOTDincreasedDIT and COH decreased fronthe first releaseo the

last release aheapplication. The changés the values of metricsaused the
increase in total.
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Figure 4.4: Plots Of Quality Characteristics ®kePassDroid

Quality scores of Functional Suitability, Reliability, Portability, Maintainability,
Data Integrity, Usability, Security and Compatibility characteristics of KeePassDroid
application increased; Performance Efficiency characteristic KdePasBroid
application decreased.

- Quality score of Performance Efficiency According to the Performance
Efficiency formula in Table 3.4, the increase in Number of Classes (NOC),
Number of Content Providers (NOCP), Number of Threads (NOT) and
Number of Permissions (NOP) metrics affect the characteristic positively;
Depth of Inhetiance Tree (DIT), Number of Attributes (NOAT), McCabe
Cyclomatic Complexity (CYC), Number of Services (NOS), Number of
Dialogs (NOD), Number of Tables in Database (NOTD) affect the
characteristic negatively. The metric valuesN®C, DIT, NOAT, CYC,
NOS, NOD, NOTD, NOPincreasedrom the first release tdhe last release
of the application. The changes the values of metriceaused thelecrease
in total.

1. The reasorior the sudden decrease between KeePassDroid v1.0 and
v1.6 is thethree times increase iMNumber of Attributes (NAO)
metric; this degree of changid not occur in other metric values.
NOA value is 190 in KeePassDroid v1.0 and 640 in KeePassDroid
v1.6.

The main reason of the increase in attribute number is most probably
the increase in class number and method number. Developers of
KeePassDroid added neslasses and methods the applicatiorto
update the applicationThese new classes and methods catlsed
increase in the number of attributes.
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As NOA metric affects quality score of Performance Efiicg
characteristic negativelyh¢ increase in this metric value reduced the
quality score of Performance Efficiency characteristic.

Quality Score of Fundional Suitability: According to the Functional
Suitability formula in Table 3.4, the increase in Number of Classes (NOC),
Depth of Inheritance Tree (DIT), Degree of Cohesion (COH), Number of
Methods (NOM), Number of Activities (NOAC), Number of ServicBOES),
Number of Broadcast Receivers (NOBR), Number of Threads (NOT),
Android Min SDK Version (MSDK), Android Target SDK Version (TSDK),
Number of Intents (NOI) and Number of Tables in Database (NOTD) metrics
affects characteristic positively; Number of @amt Providers (NOCP) and
Degree of Coupling (COP) metrics affect the characteristic negatively. The
metric values of NOC, DIT, COH, NOM, NOAC, NOS, MSDK, TSDK,
NOI, and NOTD increased; COdecreased frornthe first releaseo the last
release othe appliation. The changem the values of metriceaused the
increase in total.

Quality Score of Reliability: According to the Reliability formula in Table
3.4, the increase in Depth of Inheritance Tree (DIT) and Degree of Coupling
(COP) metrics affects Funchial Suitability characteristic negatively; Degree
of Cohesion (COH), Number of Attributes (NOAT), Number of Services
(NOS), Number of Broadcast Receivers (NOBR), Number of Content
Providers (NOCP) and Number of Threads (NOT) metrics affect the
characterist positively. The metric values @IT, COH, NOAT, and NOS
increased;COP decreased fronthe first releaseto the last release othe
application. The changés the values of metricsaused the increase in total.

Quality Score of Portability: According to the Portability formula in Table
3.4, the increase in Number of Classes (NOC), Depth of Inheritance Tree
(DIT), Number of Methods (NOM), Number of Services (NOS), Number of
Content Providers (NOCP), Number of Intents (NOI), Number of Tables i
Database (NOTD) metrics affect the characteristic positively; Android Min
SDK Version (MSDK) metric affects the characteristic negatively. The
metric values oNOC, DIT, NOM, NOS, MSDK, NQland NOTDincreased

from thefirst release tdhe last releasefahe application. The changes the
values of metricgaused the increase in total.

1. The reason for the sudden decrease in the quality scores of Portability
between KeePassDroid v0.2.0 and v0.6 is the increase in the value of
Android Min SDK Version ISDK) metric. MSDK value is;

- 1 (supported by platform versioh.0) in KeePassDroidv0.2.0,
which was developed on May 14, 2009

- 3 (supported bylatform versions 1)5in KeePassDroid v0.6, which
was developed o8ep 25, 2009

The change in MSDK value isonnected with the changes on
Android releases, because Android Wvas released on Sep 23, 2008
and Android 1.5 (Cupcake) was released on Apr 30, PBBJOWhen
developers of KeePassDroidevelopedthe 0.2.0 versionof the
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application, Android 1.0 platfon dominated the Android market.
Four months later, they developed KeePassDroid a@d updated
the MSDK value to be supported by Android 1.5 platforfime
developers of CosyDVR application probably changed the MSDK
value to update their application inder to keep up with the latest
developments.

As MSDK metric affect quality score of Portability negatively, the
increase in this metric value reduced the quality score of Portability
characteristic.

Quality Score of Maintainability: According to the Maitainability formula

in Table 3.4, the increase in Number of Classes (NOC), Depth of Inheritance
Tree (DIT), Number of Activities (NOAC), Number of Services (NOS),
Number of Content Providers (NOCP), Number of Threads (NOT) and
Number of Tables in Databag®OTD) metrics affect the characteristic
positively; Degree of Coupling (COP) and Number of Methods (NOM)
metrics affect the characteristic negatively. The metric valué$QsE, DIT,

NOM, NOAC, NOS and NOTDincreased;COP decreased fronthe first
releaseto the last release othe application. The changaa the values of
metricscaused the increase in total.

Quality Score of Data Integrity: According to the Data Integrity formula in
Table 3.4, the increase in Depth of Inheritance Tree (DIT), Degree of
Coupling (COP), Degree of Cohesion (COH), Number of Attributes (NOAT),
Number of Methods (NOM), Number of Activities (NOAC), Number of
Threads (NOT), Number of Intents (NOI) metrics affect the characteristic
positively. The metric values ddIT, COH, NOAT, NOM, NOAC, NOS,
NOI, and NOTDincreasedCOP decreasedrom the first releaseo the last
release othe application. The changens the values of metriceaused the
increase in total.

Quality Score of Usability: According to the Usability formula in TabdBB.4,

the increase in Number of Classes (NOC), Number of Attributes (NOAT),
Number of Methods (NOM), Number of Activities (NOAC), Number of
Services (NOS), Number of Content Providers (NOCP), Number of Dialogs
(NOD), Number of Threads (NOT), Number ofdnts (NOI) metrics affect

the characteristic positively; Number of Permissions (NOP) metric affects the
characteristic negatively. The metric valuesN®C, NOAT, NOM, NOAC,
NOS, NOD, NOJ and NOP increased frothefirst release tdhelast release

of theapplication.The changem the values of metricsaused the increase in
total.

Quality Score of Security: According to the Security formula in Table 3.4,
the increase in Number of Classes (NOC), Degree of Coupling (COP),
Degree of Cohesion (COH), Number of Attributes (NOAT), Number of
Content Providers (NOCP), Number of Intents (NOI) and Number of
PermissiongNOP) metrics affect the characteristic positively; Number of
Services (NOS), Number of Tables in Database (NOTD) metrics affects the
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characteristic negatively. The metric valuesNSDC, COH, NOAT, NOM,
NOS, NOI, NOTD and NOP increased; CQiecreased frorthefirst releag
to the last release ofhe application. The changes the values of metrics
caused the increase in total.

Quality Score of Compatibility: According to the Compatibility formula in
Table 3.4, the increase in Depth of Inheritance Tie€r)( Degree of
Coupling (COP), Degree of Cohesion (COH), Number of Attributes (NOAT),
Number of Intents (NOI), Number of Tables in Database (NOTD) metrics
affects the characteristic positively. The metric valueBldf, COH, NOAT,
NOI, and NOTDincreasedCOP decreased frorthe first releaseo the last
release othe application. The changes the values of metriceaused the
increase in total.

1. The reasonfor the sudden decrease in the quality scores of
Compatibility between KeePassDroid v0.6 and v4.the decrease in
the values ofCOP, NOAT and NOI metrics. Becaus€OP, NOAT
and NOI metrics affect quality seiof Compatibilitypositively, the
decrease in these metric values reduced the quality score of
Compatibility characteristic.

The main reason of the decrease in COP metric is most probably the
decrease in Depth of Inheritance Tree (DIT) metric. Developers of
KeePassDroigirobably decreased the maximum length of a path from
a class to the root class in the inheritance hierarchiedace the
complexity of the application. When DIT metric was 8 in
KeePassDroid vO0.6, it wasasierto make changes without impacting
the rest of the application. Application was maorstable. DIT metric

was 9 in KeePassDroid v1.0; means making gharm application
became more difficultinsiability of application decreasedhe main
reason of the decrease in NOAT and NOI metrics is probably the
preference of the developers. Developers of KeePassDroid probably
decreased the attribute number and intamiimer to simplify the
application.
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Figure 4.5: Plots of Quality Characteristics of CosyDVR

Quality Score of Functional Suitability: According to the Functional
Suitability formula in Table 3.4, the increase in Number of Classes (NOC),
Depth of Inheritance Tree (DIT), Degree of Cohesion (COH), Number of
Methods (NOM), Number of Activities (NOAC), Number of Services (NOS),
Number of Bradcast Receivers (NOBR), Number of Threads (NOT),
Android Min SDK Version (MSDK), Android Target SDK Version (TSDK),
Number of Intents (NOI) and Number of Tables in Database (NOTD) metrics
affects characteristic positively; Number of Content Providers (R)Oéhd
Degree of Coupling (COP) metrics affect the characteristic negatively. The
metric values of NOC, NOM, MSDK and NOI increased; DIT, COP and
COH decreased from the first release to the last release of the application.
The changes in the values of niedrcaused the increase in total.

Quality Score of Reliability: According to the Reliability formula in Table

3.4, the increase in Depth of Inheritance Tree (DIT) and Degree of Coupling
(COP) metrics affects Functional Suitability characteristic negatisgree

of Cohesion (COH), Number of Attributes (NOAT), Number of Services
(NOS), Number of Broadcast Receivers (NOBR), Number of Content
Providers (NOCP) and Number of Threads (NOT) metrics affect the
characteristic positively. The metric values of NOAitreased; DIT, COP,

and COH decreased from the first release to the last release of the application.
The changes in the values of metrics caused the increase in total.

Quality Score of Performance Efficiency:According to the Performance
Efficiency forrmula in Table 3.4, the increase in Number of Classes (NOC),
Number of Content Providers (NOCP), Number of Threads (NOT) and
Number of Permissions (NOP) metrics affect the characteristic positively;
Depth of Inheritance Tree (DIT), Number of Attributes (NOAMcCabe
Cyclomatic Complexity (CYC), Number of Services (NOS), Number of
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Dialogs (NOD), Number of Tables in Database (NOTD) affect the
characteristic negatively. The metric values of NOC, NOAT, &P
increased; DIT, and CY@ecreased from the first ealse to the last release of

the application. The changes in the values of metrics caused the increase in

total.

Quality Score of Portability: According to the Portability formula in Table

3.4, the increase in Number of Classes (NOC), Depth of Inherifarese
(DIT), Number of Methods (NOM), Number of Services (NOS), Number of
Content Providers (NOCP), Number of Intents (NOI), Number of Tables in
Database (NOTD) metrics affect the characteristic positively; Android Min
SDK Version (MSDK) metric affects theharacteristic negatively. The
metric values of NOC, NOM, MSDK, and NOI increased; DIT decreased
from the first release to the last release of the application. The changes in the
values of metrics caused the increase in total.

2.

The reason for the suddencdease in the quality scores of Porliapi
between CosyDVR v1.2 and v1.3 is the increasdhe value of
Android Min SDK Version (MSDK metric MSDK value is;

- 11 (supported by platform version 3.0.x) in CosyDVR v1.2, which
was developed on 29 July 2014.

- 16 (supported by platform versions 4.1 and 4.1.1) in CosyDVR v1.3,
which was developed on 13 Nov 2014.

The change in MSDK value is unconnected with the changes on
Android releases, because Android 3.0 (Honeycomb) was released on
10 May 2011 and Android.1 (Jelly Bean) was released on 9 July
2012 [63]. The developers of CosyDVR application probably changed
the MSDK value to update their application in order to keep up with
the latest developments.

As MSDK metric affects quality score of Portability neégaly, the
increase in this metric value reduced the quality score of Portability
characteristic.

Quality Score of Maintainability: According to the Maintainability formula

in Table 3.4, the increase in Number of Classes (NOC), Depth of Inheritance
Tree (DIT), Number of Activities (NOAC), Number of Services (NOS),
Number of Content Providers (NOCP), Number of Threads (NOT) and
Number of Tables in Database (NOTD) metrics affect the characteristic
positively; Degree of Coupling (COP) and Number of MethoN©N)
metrics affect the characteristic negativéhe metric values of NOGNOM,

and NOAC incresed; DITand COPdecreased from the first release to the
last release of the application. The changes in the values of metrics caused the
increase in total.

Quality Score of Data Integrity: According to the Data Integrity formula in
Table 3.4, the increase in Depth of Inheritance Tree (DIT), Degree of
Coupling (COP), Degree of Cohesion (COH), Number of Attributes (NOAT),
Number of Methods (NOM), Number of Actiles (NOAC), Number of
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Threads (NOT), Number of Intents (NOI) metrics affect the characteristic
posiively. The metric values dNOAT, NOM, NOAC, and NOI increased,;
DIT, COP, and COHlecreased from the first release to the last release of the
application. The changes in the values of metrics caused the increase in total.

- Quality Score of Usability: According to the Usability formula in Table 3.4,
the increase in Number of Classes G)QNumber of Attributes (NOAT),
Number of Methods (NOM), Number of Activities (NOAC), Number of
Services (NOS), Number of Content Providers (NOCP), Number of Dialogs
(NOD), Number of Threads (NOT), Number of Intents (NOI) metrics affect
the characteristipositively; Number of Permissions (NOP) metric affects the
characteristic negatively. The metvialues of NOC, NOAT, NOMNOI, and
NOP increased; NOT decreased from the first release to the last release of the
application. The changes in the values ofriog caused the increase in total.

- Quality Score of Security: According to the Security formula in Table 3.4,
the increase in Number of Classes (NOC), Degree of Coupling (COP),
Degree of Cohesion (COH), Number of Attributes (NOAT), Number of
Content Proiders (NOCP), Number of Intents (NOI) and Number of
Permissions (NOP) metrics affect the characteristic positively; Number of
Services (NOS), Number of Tables in Database (NOTD) metrics affects the
characteristic negativel The metric values of NOGNOAT, NOM, NOI, and
NOP increasedCOP andCOH decreased from the first release to the last
release of the application. The changes in the values of metrics caused the
increase in total.

- Quality Score of Compatibility: According to the Compatibility formulan
Table 3.4, the increase in Depth of Inheritance Tree (DIT), Degree of
Coupling (COP), Degree of Cohesion (COH), Number of Attributes (NOAT),
Number of Intents (NOI), Number of Tables in Database (NOTD) metrics
affects the characteristic positivelyhe metric values oNOAT, and NOI
increased; DIT, COP an@OH decreased from the first release to the last
release of the application. The changes in the values of metrics caused the
increase in total.

The expected increase in quality scoms quality chaacteristics verifies the
prediction that these quality characteristics should increase in the new releases of
Android applicationsMost of the quality scores of the last releases of the Adblock

Plus and KeePassDroid applications are in the categories timmmeor equal to
AFairo On the other hand quality scores
mostly |l ess than or equal to fAFairo.
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The number of downloads and reviews of théblock Plus,KeepassDroidand
CosyDVR applicationsare consistent withthe quality scoresof the applications
evaluated by our Android Applications Quality Modatcording to the reviews of
users, star values of AdbloéNus and KeePassDroid dnggh; on the contrarystar
value of CosyDVR is lown Google Play StoreThe number of downloads and the
star values of the applications in Google Play Store are:

- Adblock Plus [6Q: The number of downloads is in the range of 1,000,000
5,000,000. According to reviews of 41,503 users, the application has 4.1 stars
out of 5.0.

- KeePassDroid [61 The number of downloads is in the range of 1,000;000
5,000,000. According teeriews of 31,305 users, the application has 4.6 stars
out of 5.0.

- CosyDVR [62]: The number of downloads is in the range of 1@DO.
According to reviews of 6 users, the application has 2.5 stars out of 5.0.



CHAPTER V

5 CONCLUSION AND FUTURE WORK

The increase in mobile devices causes the number of mobile applications to grow
dramatically. As thesumber ofmobile applicabnsis increasing at a very high rate,
quality of the applications has become an important issue. As quality is the
composition of many characteristics, it is usually captured in a model that represents
thequality characteristics and their relationships. f@uaModels guide developers in

the process of improving and maintainithg quality of their mobile applicationdn

this chapter of the thesis, the model development process concluded. We discuss the
limitations encountered in our study in the secondi@ecIn third section, we
present the future study directions.

5.1 GONCLUSION

In this thesis studywe proposed a quality model for Android applications. In the
process of AndroidApplications Quality Mvdel development, we have analyzed
traditional quality characteristics, which are described in ISO/IEC SQuaRE Software
Quality Standard and selected applicable quality characteristics. Afterwes tiave
identified new Androigspecific source code metriasd quality characteristics.

We have determinedthe relationship of source code metrics and quality
characteristics by conducting a survey to Android Developers. We have developed
our Android ApplicationsQuality Model, validated our Quality Model angpied

this model to different releases tiréeopensource Android applications in a case
study to show the applicability of the mod&le developed ayjeneral model for
Android applicationsAndroid developers can modifhe quality model according to
specific applicationghey prefer tapply.

Mobile software qualityassessmenis a recent disciplineln this study, v have
started the assessment from the bottymdentifying the source code metrics, and
developed a quality model for Android applicatso

5.2 UMITATIONS

There are some limitations of this study. First of all collecting data from mobile
application developers was a painful processnmasny developerslo nd prefer to
participate in surveys, it was difficult to increase the numbepasficipants.We
emailed our survey to several IT Companies in Turkey and our personal connections.
One of the threads to validity in this study is abouthiaes ofselection.To mitigate

this issue ad include developers out of ocontact network we enlad our survey

to Android Developer Groups in Social Media (Facebook, LinkedB8)random
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Android deelopers participated the surve$econdly, reaching participants from
different countries was difficult. We used social media to reach them, but camyinci
those developers to participate the survey was hard to acAgeresult, b of the
developersvho participated the surveyere from TurkeySince the characteristics

of Turkish developers could be different from those from other countiegyverall
results may change when developers from other countries participate the survey. We
plan to overcome this limitation in future workhirdly, all participants have the
ability to develop Android applications butome than half ofthe participans
developedone to four Android applications.lt was difficult to include more
developers who developed more thian applications in the studfs Android was

born an 2007 and started to become widespread on 2@®B), finding participants

who havebeen working on this domain for a long time was diffictii. mitigate this

issue, we emailed our survey to all major mobile application development companies
in Turkey. As a result,5 out of 33 developers whdeveloped more than ten
applicationgparticipated the surveyastly, finding evaluators and including them in

our study were hard to achieve. We overcame this limitatiomging evaluators

t hrough 't he Andetwork tb indwe théno pnedelsvalidation
processWe included three evators in our study.

5.3FUTURE WORK

As a future work, some improvements will be made on this quality model. We plan
to do avalidated and statistically detailed analysis of source code metrics in the large
scope of mobile applications. Véan toincludedifferent types ofnobile platforms

(e.g. 10S, Windows Mobile) in the quality modé&Ve will perform the model
developmentwvith the data gathered from more mobile application developées.

plan to reach more mobile applicati developers from different countrids. this
manner, the results about the system will be more efficient. In additienyill
include more evaluators iour study to validate the quality model. The increase in
evaluator number will enhance the relighil of the model
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Android Applications Quality Model Survey

*Required

1. 1- How many years of work experience do you have in IT and software development

industries? *
Mark only one oval.
) 0
) 1-4
) 510
) 10+

2. 2- How many Android Projects are you involved in development? *
Mark only one oval.

~ 0
1 1-4

) 5-10

10+

3. 3- Do you develop software for your company or for yourself? *
Mark only one oval.

() Company
) Myself
) Both

Explanation About Following Questions

We are investigating the effect of ISO SQuaRE Quality Attributes on the quality of Android
Mobile Applications. The Quality Attributes are Functional Suitability, Reliability, Performance
Efficiency, Portability, Maintainability, Data Integrity/Persistance, Usability, Security,

Compatibility.

For each of the Quality Attribute in the questions below, please indicate the effect of factors.

(Negative, Positive, No Effect)

https:fdocs google comvformsid/ 1 lowy NDEOO BrG XOXImriH6x Y S2q56cTHIy ZvPMdKqC4/edit Niva
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4. 4- Select the degree of effects for each factors on the FUNCTIONAL SUITABILITY of
Mobile Application. *
FUNCTIONAL SUITABILITY: Degree to which a product or system provides functions
that meet stated and implied needs when used under specified conditions.
Mark only one oval per row.

Strongly  Somewhat No  Somewhat Strongly
Negative Negative  Effect  Positive Positive

1 Num of Classes O ) ) O O
1 Num of Acw.mes { ). D O C) D
1 :um sz Services ( ) C) ) Q D
1 Num =N
BroadcastReceivers D D p— Q D
1 Num of ' ( b
ContentProviders - — O O -
1 Number of Dialogs £ =) C2 ) L) [@D)
t Number of Threads £ ) C 2 €3 L) 4B
t android:minSdkVersion () €D kg ) ¢ 2
; = =
android:targetSdkVersion Q C —) G D
1 Num of Tables in C) O :\ C D
Database
‘TI' rl:;:pth of Inheritance D 3 O D D
1 Degree of Coupling (_ ) ¢ D (—) -3 > (D)
1 Degree of Cohesion ¢ ) C ) £ g =)
1 Num of Aftributes ( ) (—) C ) ( (_)
1 Number of Methods =) (:) O ¢ ) C )
1 Number of Intents C ) C ) 3 &) )
1 Cyclomatic Complexity () &) 3 & €2
Num of -
pomissons O O O O O
5. What other factors would you offer that
affects FUNCTIONAL SUITABILITY?
tps:iidocs. google comforms/d/ ewy NDSOOXBG XOXImriH6x Y 52956cTHIy ZvPMAKqC4editNiva | 210
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6. 5- Select the degree of effects for each factors on the RELIABILITY of Mobile
Application. *
RELIABILITY: Degree to which a system or component performs specified functions
under specified conditions for a specified period of time.
Mark only one oval per row.

Strongly  Somewhat No Somewhat Strongly
Negative Negative  Effect Positive Positive
1 Num of Classes ' ] '
1 Num of Activities
1 Num of Services
t Num of
BroadcastReceivers
1 Num of
ContentProviders
1 Number of Dialogs
1 Number of Threads

1 android:minSdkVersion

0

;ndroid:targetSdeersion
1 Num of Tables in
Database

1 Depth of Inheritance
Tree

1 Degree of Coupling

1 Degree of Cohesion

1 Num of Attributes

1 Number of Methods

1 Number of Intents

1 Cyclomatic Complexity
1 Num of <uses- o
permission>

00000000/0,00000|00a0

OO0 01000000 1000
00000000|0,00000/0000
00000000|0/00000,0030
0000000 00/00000 0000

7. What other factors would you offer that
affects RELIABILITY?

https:Aidocs google.com/Tarms/d/ 1 lowy NDSOOXBrG XOXImriH6x Y 52q56c THIyZvPMAK gC4/edit duive | o
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9. What other factors would you offer that
affects PERFORMANCE EFFICIENCY?

of Mobile Application. *

8. 6- Select the degree of effects for each factors on the PERFORMANCE EFFICIENCY

PERFORMANCE EFFICIENCY: The performance relative to the amount of resources

used under stated conditions.
Mark only one oval per row.

1 Num of Classes

1 Num of Activities

1 Num of Services

1 Num of
BroadcastReceivers
1 Num of
ContentProviders

1 Number of Dialogs
1 Number of Threads

1 android:minSdkVersion

;nd(oid:targetSdeersion
1 Num of Tables in
Database

1 Depth of Inheritance
Tree

1 Degree of Coupling

t Degree of Cohesion

1 Num of Attributes

t Number of Methods

1 Number of Intents

1 Cyclomatic Complexity
1 Num of <uses-
permission>

Strongly ~ Somewhat No  Somewhat

Negative

)
()

Negative

10,0000

AN IS

Y

/

00

O

-
CY

&=

"

000000

"
AN

4

~
A\

O

Effect

)00 0000

-
.

O

1111wy NDSOOXBIG XOXImriH6x Y 52q56cTHIy ZyPMdKqC/edi v |
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Positive Positive

(@)

00000000/0,00000000
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10. 7- Select the degree of effects for each factors on the PORTABILITY of Mobile
Application. *

PORTABILITY: Degree of effectiveness and efficiency with which a system, preduct or
component can be transferred from one hardware, software or other operational or usage
environment to another.

Mark only one oval per row.

Strongly Somewhat No  Somewhat Strongly
Negative Negative  Effect Positive Positive
t Num of Classes ) 2
1 Num of Activities 3
1 Num of Services
t Num of '
BroadcastReceivers
1 Num of
ContentProviders
t Number of Dialogs
t Number of Threads

1 android:minSdkVersion

000000
000000

)

i
=

00000000

1
android:targetSdkVersion
t Num of Tablesin
Database

t Depth of Inheritance
Tree )

t Degree of Coupling

t Degree of Cohesion

1 Num of Attributes

t Number of Methods

1 Number of Intents

1 Cyclomatic Complexity
1 Num of <uses-
permission>

0000000100

«
N

0000000 0|0|00000 100
00000000/0,00000/0000

00000000000
00000030|0 0f

0

11. What other factors would you offer that
affects PORTABILITY?

hitps:Afdocs google conviorms/d/ 1 lowy NDEOOx BrG XOXImriH6x Y 52q56¢ THIy ZvPMdKqC4edit daive | 5110
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1 Num of Classes

1 Num of Activities

1 Num of Services

t Num of
BroadcastReceivers
t Num of
ContentProviders

1 Number of Dialogs
t Number of Threads

1 android:minSdkVersion

T
android:targetSdkVersion
t Num of Tables in
Database

1 Depth of Inheritance
Tree

1 Degree of Coupling

t Degree of Cohesion

1 Num of Attributes

1 Number of Methods

1 Number of Intents

1 Cyclomatic Complexity
1 Num of <uses-
permission>

Android Applications Quality Madel Survey

12. 8- Select the degree of effects for each factors on the MAINTAINABILITY of Mobile
Application. *
MAINTAINABILITY: Degree of effectiveness and efficiency with the product can be
modified.
Mark only one oval per row.

Stongly  Somewhat
Negative  Negative

.

(@) (@)
D k)
&) (@)
€D )
C) )
(@) ==
(@) D
) D
) )
() (@)
() )
-
¢ S
(@) )
) (@)

13. What other factors would you offer that

affects MAINTAINABILITY?

google.

No Somewhat Strongly

00000000 0[000000000 §

00

Mforms/d/ LewyNDSOOx BrG XOXImriHbx Y 52q56c THIyZvPMdKqC4/edin daivs |
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Positive

00000

r“\[
g

~
A

(

~
)

0/0[01

4

00000

Positive

g

)

00

-

00
L AN_AN

00000000 0|0
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1 Num of Classes

1 Num of Activities

1 Num of Services

1 Num of
BroadcastReceivers
1 Num of
ContentProviders

1 Number of Dialogs
1 Number of Threads

1 android:minSdkVersion

;ndroid:targetSdeersion
't Num of Tables in
Database

1 Depth of Inheritance
Tree )

1 Degree of Coupling

t Degree of Cohesion

1 Num of Attributes

t Number of Methods

1 Number of Intents

1 Cyclomatic Complexity
1 Num of <uses-
permission>

14. 9- Select the degree of effects for each factors on the DATA INTEGRITY of Mobile
Application. *
DATA INTEGRITY: Ability to keep information even after mobile application is paused or
killed.

Mark only one oval per row.

Strongly  Somewhat No  Somewhat Strongly
Positive Positive

Negative  Negative
£ c D
¢ ) (D),
2 -3
O (@D
==
O
-) [,
==
@) O
(@) o
C C)
= g
)
= )

15. What other factors would you offer that
affects DATA INTEGRITY?

Effect

00000000 10|00000 0000

hitps:iidocs. google.com/farmsid! lewy NDSOOXBrG XOXImriH6x Y Sag56cTHIyZy PMAKqC4/edi Maive |
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Android Applications Quality Model Survey

16. 10- Select the degree of effects for each factors on the USABILITY of Mobile

Application. *
USABILITY: Degree to which a product or system can be used by specified users to
achieve specified goals with effectiveness, efficiency and satisfaction in a specified
context of use.

Mark only one oval per row.

1 Num of Classes

1 Num of Activities

t Num of Services

1 Num of
BroadcastReceivers

1 Num of
ContentProviders

1 Number of Dialogs

t Number of Threads

1 android:minSdkVersion

aderoid:targetSdeersion
1 Num of Tables in
Database

1 Depth of Inheritance
Tree

t Degree of Coupling

1 Dégree of Cohesion

1 Num of Attributes

t Number of Methods

1 Number of Intents

t Cyclomatic Comblexity
1 Nur_n qf <uses-
permission>

Strongly  Somewhat No  Somewhat

Negative  Negative

00000000|0|00000|00C0
0000000 00|0000000C0

0

17. What other factors would you offer that

affects USABILITY?

69

Effect

000000000000 /0000

0

HewyNDSOOXBrG X0 XImriH6x Y52956c THIyZvPMdKqC4editMiv= 1

Strongly

Positive Positive

(0

C

0000000 0|0[00A00 0

(10|0/00000/0000

0000C0

810
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19. What other factors would you offer that
affects SECURITY?

1 Num of Classes

1 Num of Activities

1 Num of Services

1 Num of
BroadcastReceivers

1 Num of
ContentProviders

t Number of Dialogs

t Number of Threads

t android:minSdkVersion

T
android:targetSdkVersion
t Num of Tables in
Database

+ Depth of Inheritance
Tree

t Degree of Coupling

1 Degree of Cohesion

t Num of Attributes

t Number of Methods

1 Number of intents

t Cyclomatic Complexity
1 Nur_n of <uses-
permission>

Android Applications Quality Model Survey

18. 11- Select the degree of effects for each factors on the SECURITY of Mobile
Application. *
SECURITY: Degree to which a product or system protects information and data so that
persons or other products or systems have the degree of data access appropriate to their
types and levels of authorization.
Mark only one oval per row.

Strongly Somewhat No  Somewhat Strongly

Negative Negat

00000000j0|0000010000
000000 00,00000/0000

70

Effect

9

00000000 0000000000

00000000|0,000000

B
J

0000000 0|0j00A00|0C

lewyNDSOOXBrGXOXImrH6x Y5256 THIyZvPMdKgC4edit Maiva L

D
i

8
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20. 12- Select the degree of effects for each factors on the COMPATIBILITY of Mobile
Application. *

COMPATIBILITY: Degree to which a product, system or component can exchange
information with other products, systems, or components, andior perform its required
functions, while sharing the same hardware or software environment.

Mark only one oval per row.

Strongly  Somewhat No  Somewhat Strongly
Negative Negative  Effect Positive Positive

()

3 £

1 Num of Classes

1 Num of Activities

1 Num of Services

1 Num of
BroadcastReceivers

1 Num of
ContentProviders

t Number of Dialogs

t Number of Threads

t android:minSdkVersion

~
A
/\[/\

00
00000

\_/Ix_/

)
-

0

1
android:targetSdkVersion
t Num of Tables in
Database

t Depth of Inheritance
Tree

1 Degree of Coupling

1 Degree of Cohesion

t Num of Attributes

t Number of Methods

1 Numbqr of Intents

1 Cyclomatic Complexity
1 Nur_n of <uses-
permission>

l

0|

00

J

(U000 010

N
A
'
9

00000000 0]00000|00C0

000000000 00000|0
00000000|0/00000|000C

0
0

21. What other factors would you offer that
affects COMPATIBILITY?

Powered by

.GoodeForms

htsps:/fdocs.google com/arms/d/ lewy NDSOOXBrG XOXImriH6x Y 52q56¢ THIyZvPMAKqC4/edi Naiva | 10010
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UYCULAMALI ETIK ARASTIRMA MERKEZ!
APPLIED ETHICS RESEARCH CENTER

CUMLUPINAR BULVARI 06800
CANKAYA ANKARA/TURKEY
T:+8031221022 81

F:+90 312 210 75 59
vearn@metu.ecu.tr

wwn Uede metu ecu tr

Sayi: 28620816 /24, UD

Gonderilen: Dog.Dr. Aysu BETIN CAN
Biligim Sistemleri

Ganderen: Prof. Dr. Canan SUMER
insan Arastirmalan Kom

ilgi: Etik Onayi

| ORTA DOGU TEKNIK UNIVERSITESI
' MIDDLE EAST TECHNICAL UNIVERSITY

isyonu Bagkan

21 ARALIK 2015

Sayin Do¢.Dr. Aysu BETIN CAN damismanligini yapugimz Merve Vildan SIMSEK'in “Android

Uygulamalanmin  Kalite Ozelliklerinin Belirlenmesi isimli arastirmasi insan  Arastirmalan

Komisyonu tarafindan uygun gériilerek gerekli onay 01.01,2015-01.06.2016 tarihleri arasinda gegerli

olmak uzere verilmigtir.

e
Prof. Dr. Canan SUMER

Uygulamali Etik Arastirma Merkezi

insan Arastirmalari Komisyonu Baskani
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BU BOLUM, ILGILI BOLUMLERI TEMSIL EDEN iINSAN ARASTIRMALARI
ETIK ALT KURULU TARAFINDAN DOLDURULACAKTIR.

Protokol No: 2015-FEN-071
e —————— P ——— B —
IAEK DEGERLENDIRME SONUCU

Saym Hakem,

Aga@ida yer alan fi¢ segenckten birini isaretleyerek degerlendirmenizi tamamlayiniz. Liitfen
“Revizvon Gereklidir” ve “Ret” degierlendirmeleri igin gerckli agiklamalan yapiniz.,
Degerlendirme Tarihi: 19.12.2015

Ad Soyad:

S — e —————— e —

@ Herhangi bir degisiklie gerek yoktur. Veri toplama/uygulama baslatilabilir.

O Revizyon gereklidir
O Goniillo Katilim Formu yoktur,

L1 Goniilli Katthm Formu eksiktir.
Gerekgenizi ayninuli olarak agiklayimiz:

1 Katihm Sonras: Bilgilendirme Formu yokiur.

O Katilim Sonras: Bilgilendirme Formu eksiktir.
Gerekgenizi ayrintili olarak agiklayimiz:

1 Rahatsizlik kaynag olabilecek sorular/maddeler ya da prosediirler igerilmektedir.
Gerekgenizi ayrintili olarak agiklayiniz:

[ Diger.

Gerekgenizi ayrintili olarak agiklayimz:

[ Ret

Ret gerekgenizi aynintil olarak agiklaymniz:
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mefve.vildan.s'lnsek@;gmai .com_v
(m!?!:i« form

33 responses

View all responses Publish analytics

Summary

1- How many years of work experience do you have in IT and software

development industries?
0 5

14 16
A =
v 10+ 4

2- How many Android Projects are you involved in development?
0 0

1-4 19
510 9
10+ 5

3- Do you develop software for your company or for yourself?

Company 9 273%
Myself 16 48.5%
Both 8 242%

htspszfidocs. google comdformsd/ Hewy NDEOOx BrG XOXImniH6x Y 52q56c THIy ZvPMdK gCdviewanalytics

75

15.2%
48.5%
242%
121%

0%
57.6%
27.3%
16.2%
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Android Applications Quality Model Survey « Google Forms

Explanation About Following Questions

1 Num of Classes [4- Select the degree of effects for each factors on the
FUNCTIONAL SUITABILITY of Mobile Application.]

Strongly Neg...
Somewhat N...

No Effect
Somewhat P...

Strongty Posi...

0.0 10.0

(%)
v
[
(=]
-~
(7.

»

Strongly Negative 12.1%
Somewhat Negative 5 15.2%
No Effect 7 212%

Somewhat Positive 12 36.3%

(&)
N
o

Strongly Positive 5 1

1 Num of Activities [4- Select the degree of effects for each factors on the
FUNCTIONAL SUITABILITY of Mobile Application.]

Strongly Neg...
Somewhat N....
No Effect

Somewhat P_..

Strongly Posi... [
0.0 25 5.0 7.5 10.0

w

9.1%
Somewhat Negative 4 12.1%
No Effect 8 24.2%
Somewhat Positive 12 36.4%

Strongly Negative

Strongly Positive 6 18.2%

1 Num of Services [4- Select the degree of effects for each factors on the
FUNCTIONAL SUITABILITY of Mobile Application.]

hteps:/idocs google comfformsid/ Lewy NDSOOx BrG XNOXImriHbx Y 52q56c THIyZvPMAKqC4viewanalytics
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Strongly Neg. .
Somewhat N...
No Effect
Somewhat P._..
Strongly Posi...
0.0 35 7.0 10.5 14.0
Strongly Negative 3 9.1%
Somewhat Negative 5 152%
No Effect 4 121%
Somewhat Positive 6 18.2%
Strongly Positive 15 45.5%
t Num of BroadcastReceivers [4- Select the degree of effects for each
factors on the FUNCTIONAL SUITABILITY of Mobile Application.]
Somewhat N....|
No Effect|
SomewhatP_..|
Strongly Posi_..|
0.0 35 7.0 10.5 14.0
Strongly Negative 1 3%
Somewhat Negative 5 15.2%
No Effect 7 21.2%
Somewhat Positive 15 45.5%
Strongly Positive 5 15.2%
1 Num of ContentProviders [4- Select the degree of effects for each
factors on the FUNCTIONAL SUITABILITY of Mobile Application.]
Somewhat N...
No Effect
Somewhat P._..
Strongly Posi...
0.0 25 5.0 75 10.0
hitps:/idocs.google.comifarms/d/ 1wy NDSOOx BrG XOXImriH6x Y 52q56c THIyZvPMdKqC4fviewanalytics 3t
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Strongly Negative
Somewhat Negative
No Effect
Somewhat Positive
Strongly Positive

Android Applications Quality Model Survey « Google Forms

30.3%
36.4%
12.1%
15.2%

6.1%

1 Number of Dialogs [4- Select the degree of effects for each factors on
the FUNCTIONAL SUITABILITY of Mobile Application.]

Strongly Neg...
Somewhat N....
No Effect

Somewhat P...

Strongly Posi...
0 4 8 12

Strongly Negative 4 12.1%
Somewhat Negative 6 18.2%
No Effect 16 48.5%
Somewhat Positive 4 121%
Strongly Positive 3 9.1%

1 Number of Threads [4- Select the degree of effects for each factors on
the FUNCTIONAL SUITABILITY of Mobile Application.]

Strongly Neg...
Somewhat N...

No Effect
Somewhat P...

Strongly Posi...
0 4 8 12 16

Strongly Negative 1 3%

Somewhat Negative 2 6.1%
No Effect 6 18.2%
Somewhat Positive 18 54.5%
Strongly Positive 6 182%
hitpsziidocs. google comfforms&d/ Hewy NDSOOx BrGXOXImriHox Y 52q56c THIyZvPM K qC4viewanalytics am

78



1162016 Android Applications Quality Model Survey « Google Forms
t android:minSdkVersion [4- Select the degree of effects for each factors
on the FUNCTIONAL SUITABILITY of Mobile Application.]
Somewhat N...
No Effect
Somewhat P...
Strongty Posi...
0.0 35 7.0 10.5 14.0
Strongly Negative 1 3%
Somewhat Negative 2 6.1%
No Effect 7 21.2%
Somewhat Positive 15 45.5%
Strongly Positive 8 242%
t android:targetSdkVersion [4- Select the degree of effects for each
factors on the FUNCTIONAL SUITABILITY of Mobile Application.]
Strongly Neg...
Somewhat N...
No Effect
Somewhat P...
Strongly Posi...
0 4 8 12 16
Strongly Negative 3 91%
Somewhat Negative 1 3%
No Effect 8 242%
Somewhat Positive 17 51.5%
Strongly Positive 4 12.1%
1 Num of Tables in Database [4- Select the degree of effects for each
factors on the FUNCTIONAL SUITABILITY of Mobile Application.]
https:iidocs. google.comfformsid! 1 lowy NDSOOXBG XOXImriH6x Y 5256 THIyZvPMJKqC4/viewanalytics 511
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Strongly Neg...
Somewhat N...
No Effect
Somewhat P_..
Strongly Posi...
0 4 8 12
1 Depth of Inheritance Tree [4- Select the degree of effects for each
factors on the FUNCTIONAL SUITABILITY of Mobile Application.]
Strongly Neg...
Somewhat N...
No Effect
Somewhat P...
Strongly Posi...
0 4 8 12
Strongly Negative 2  6.1%
Somewhat Negative 2 6.1%
No Effect 8 24.2%
Somewhat Positive 16 48.5%
Strongly Positive 5 15.2%
t Degree of Coupling [4- Select the degree of effects for each factors on
the FUNCTIONAL SUITABILITY of Mobile Application.]
Strongly Neg...
Somewhat N...
No Effect
Somewhat P_..
Strongty Posi...
0.0 35 7.0 10.5
Strongly Negative 5 15.2%
Somewhat Negative 14 42.4%
hitps:/idocs google comyTorms/d! 1 ewy NDSOOX BrG X0 XImriH6x Y 52q56¢ THIy ZvPMdKqC4fviewanalytics 671
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No Effect 5 15.2%
Somewhat Positive 4 121%
Strongly Positive 5§ 15.2%

1 Degree of Cohesion [4- Select the degree of effects for each factors on
the FUNCTIONAL SUITABILITY of Mobile Application.]

Strongly Neg...
Somewhat N...

No Effect
Somewhat P...

Strongty Posi...
0 q 8 12

Strongly Negative 3 9.1%
Somewhat Negative 2 6.1%
No Effect 4 121%
Somewhat Positive 16 48.5%
Strongly Positive 8 242%

1 Num of Attributes [4- Select the degree of effects for each factors on the
FUNCTIONAL SUITABILITY of Mobile Application.]

Strongly Neg...
Somewhat N....
No Effect|}

Somewhat P... .

Strongly Posi... § |
0 4 8 12 16

Strongly Negative 1 3%
Somewhat Negative 2 6.1%
No Effect 17 51.5%
Somewhat Positive 8 242%
Strongly Positive 5 15.2%

1 Number of Methods [4- Select the degree of effects for each factors on
the FUNCTIONAL SUITABILITY of Mobile Application.]

hitps:/idocs google comfformsid/ Hewy NDSOOx BrG X0 X ImrH6x Y 52q56c THIyZvPMdK gC4viewanalytics

81

mi



U1i&2016

Android Applications Quality Model Survey « Google Forms

Strongly Neg...
Somewhat N...

No Effect
Somewhat P....

Strongly Posi...
0 4 8 12

12.1%
6.1%

Strongly Negative
Somewhat Negative
No Effect 12.1%
Somewhat Positive 21.2%
Strongly Positive 16 48.5%

N AN s

1 Number of Intents [4- Select the degree of effects for each factors on the

FUNCTIONAL SUITABILITY of Mobile Application.]

Somewhat N....
No Effect|
Somewhat P...

Strongly Posi...

0 4 8 12 16

Strongly Negative 4 12.1%
Somewhat Negative 3 9.1%
No Effect 5 15.2%
Somewhat Positive 17 51.5%
Strongly Positive 4 12.1%

1 Cyclomatic Complexity [4- Select the degree of effects for each factors

on the FUNCTIONAL SUITABILITY of Mobile Application.]

htsps:/idocs.google.comforms/d! 1wy NDROOXBG XOXImriH6x Y 52g56¢ THIyZvPMAKqC4fviewanalytics
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Strongly Neg...

Somewhat N....
No Effect
Somewhat P_..

Strongly Posi...

o
&
[*-]

12 16

1 Num of <uses-permission> [4- Select the degree of effects for each
factors on the FUNCTIONAL SUITABILITY of Mobile Application.]

Strongly Neg...
Somewhat N...

No Effect
Somewhat P...

Strongty Posi...

(=]
=
o

12 16

Strongly Negative 3 9.1%
Somewhat Negative 4 121%
No Effect 18 54.5%
Somewhat Positive 3 9.1%
Strongly Positive 5 15.2%

What other factors would you offer that affects FUNCTIONAL
SUITABILITY?

Utility

1 Num of Classes [5- Select the degree of effects for each factors on the

RELIABILITY of Mobile Application.]

Strongly Neg...
Somewhat N...

No Effect
Somewhat P...

Strongly Posi...
0 3 6 9 12

hitps:lidocs google comfforms&d/ Hewy NDSOOx BsG XOXImriHéx Y 52q56c THIyZvPMdK qC4viewanalytics
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Strongly Negative 3 9.1%
Somewhat Negative 4 12.1%
No Effect 13 39.4%
Somewhat Positive 5 152%
Strongly Positive 8 242%
1 Num of Activities [5- Select the degree of effects for each factors on the
RELIABILITY of Mobile Application.]
Somewhat N...
No Effect
Somewhat P...
0.0 35 7.0 10.5
Strongly Negative 3  9.1%
Somewhat Negative 6 18.2%
No Effect 14 42.4%
Somewhat Positive 6 18.2%
Strongly Positive 4 12.1%
1 Num of Services [5- Select the degree of effects for each factors on the
RELIABILITY of Mobile Application.]
Somewhat N...
No Effect
Somewhat P...
Strongly Posi...
0.0 35 7.0 10.5
Strongly Negative 3 9.1%
Somewhat Negative 4 12.1%
No Effect 8 24.2%
Somewhat Positive 14 42.4%
Strongly Positive 4 12.1%
hisp google comyformsid/ 1 lcwy NDSOOXBrG XOXImriH6x Y S2q56¢ THIyZvPMAKqC4viewanalytics 1071
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t Num of BroadcastReceivers [5- Select the degree of effects for each
factors on the RELIABILITY of Mobile Application.]

Strongly Neg... i |
Somewhat N... y ‘
No Effect|

Somewhat P....

Strongty Posi...
0.0 35 7.0 10.5 140

Strongly Negative 2 6.1%
Somewhat Negative 2 6.1%
No Effect 6 182%
Somewhat Positive 15 45.5%
Strongly Positive 8 24.2%

1 Num of ContentProviders [5- Select the degree of effects for each
factors on the RELIABILITY of Mobile Application.]

Strongly Neg...
Somewhat N....
No Effect

Somewhat P_..

Strongly Posi...
0.0 35 7.0 105 14.0

Strongly Negative 4 12.1%
Somewhat Negative 5 15.2%
No Effect 5§ 15.2%
Somewhat Positive 15 45.5%
Strongly Positive 4 12.1%

1 Number of Dialogs [5- Select the degree of effects for each factors on
the RELIABILITY of Mobile Application.]

https:iidocs google comforms&d/ Hewy NDSOOx BrG XOXImrHox Y 52q56¢ THIyZvPMAKqC4viewanalytics
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Strongly Neg...
Somewhat N...
No Effect
Somewhat P...
Strongly Posi...
0 4 8 12
1 Number of Threads [5- Select the degree of effects for each factors on
the RELIABILITY of Mobile Application.]
Strongly Neg...
Somewhat N...
No Effect
Somewhat P...
Strongly Posi...
0.0 3.5 7.0 10.5 14.0
Strongly Negative 4 12.1%
Somewhat Negative 4 12.1%
No Effect 4 12.1%
Somewhat Positive 15 45.5%
Strongly Positive 6 18.2%
1 android:minSdkVersion [5- Select the degree of effects for each factors
on the RELIABILITY of Mobile Application.]
Strongly Neg... b
Somewhat N...
No Effect[
Somewhat P...
Strongly Posi... il |
0.0 35 7.0 10.5 14.0
Strongly Negative 4 12.1%
Somewhat Negative 3 9.1%
hitps:iidocs google comfformsid/ Lewy NDSOOx BrGXOXImnH6x Y 52956 THIyZvPMAKqC 4 viewanalytics 1271
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No Effect 15 455%
Somewhat Positive 7 21.2%
Strongly Positive 4 12.1%

1 android:targetSdkVersion [5- Select the degree of effects for each
factors on the RELIABILITY of Mobile Application.]

Strongly Neg...
Somewhat N....

No Effect
Somewhat P...

Strongly Posi...
0.0 35 7.0 10.5 14.0

Strongly Negative 4 12.1%
Somewhat Negative 4 121%
No Effect 15 45.5%

Somewhat Positive 7 21.2%
Strongly Positive 3 9.1%

1 Num of Tables in Database [5- Select the degree of effects for each

factors on the RELIABILITY of Mobile Application.]

Strongly Neg...
Somewhat N...

No Effect
Somewhat P...

Strongly Posi...
0.0 25 50 75 10.0

Strongly Negative 4 12.1%
Somewhat Negative 5 152%
No Effect 8 24.2%
Somewhat Positive 12 36.4%
Strongly Positive 4 12.1%

1 Depth of Inheritance Tree [5- Select the degree of effects for each
factors on the RELIABILITY of Mobile Application.]

https:lidocs google comformsid/ e wy NDSOOx BrG XOXImriHex Y 52q56¢ THIyZvPMAKqC4viewanalytics
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Strongly Negative
Somewhat Negative
No Effect
Somewhat Positive
Strongly Positive

1 Degree of Coupling [5- Select the degree of effects for each factors on
the RELIABILITY of Mobile Application.]

Strongly Neg...

Somewhat N....

No Effect

Strongly Negative
Somewhat Negative
No Effect
Somewhat Positive
Strongly Positive

1 Degree of Cohesion [5- Select the degree of effects for each factors on
the RELIABILITY of Mobile Application.]

10
12
4
4
3

Android Applications Quality Model Survey « Google Forms

30.3%
36.4%
12.1%
12.1%

9.1%

15.2%
48.5%
15.2%
12.1%

9.1%

gt &/ Lewy NDSOOx BrGXOXImrH6x Y5256 THIyZvPMdAKqC4/viewanalytics
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Strongly Neg...
Somewhat N...

No Effect
Somewhat P_..

Strongly Posi...
0.0

1 Num of Attributes [5- Select the degree of effects for each factors on the

25

5.0 7.5

RELIABILITY of Mobile Application.]

Strongly Neg... |
Somewhat N... "

No Effect|}
Somewhat P_.. "‘A

Strongly Posi...
0

Strongly Negative
Somewhat Negative
No Effect
Somewhat Positive

Strongly Positive

1 Number of Methods [5- Select the degree of effects for each factors on

12.1%

9.1%
15.2%
51.5%

12.1%

the RELIABILITY of Mobile Application.]

Strongly Neg...
Somewhat N....

No Effect
Somewhat P...

Strongly Posi...
0

Strongly Negative
Somewhat Negative
No Effect
Somewhat Positive
Strongly Positive

https:Hidocs.google comformsid/ ewy NDEOOXBG XOXImriH6x Y 52q56c THIy ZvPMAKqC 4 viewanalytics
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4
16
7
3

9.1%
12.1%
48.5%
21.2%

9.1%

89
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1 Number of Intents [5- Select the degree of effects for each factors on the
RELIABILITY of Mobile Application.]

Strongly Neg...|
Somewhat N...
No Effect|

Somewhat P... |

Strongty Posi...
0.0 3.5 7.0 10.5 14.0

Strongly Negative 4 12.1%
Somewhat Negative 6 18.2%
No Effect 15 455%
Somewhat Positive 5 152%
Strongly Positive 3 9.1%

1 Cyclomatic Complexity [5- Select the degree of effects for each factors
on the RELIABILITY of Mobile Application.]

Strongly Neg...

Somewhat N...
No Effect
Somewhat P...

Strongly Posi...
0 4 8 12 16

Strongly Negative 3 9.1%
Somewhat Negative 4 12.1%
No Effect 19 57.6%
Somewhat Positive 3 9.1%
Strongly Positive 4 121%

1 Num of <uses-permission> [5- Select the degree of effects for each
factors on the RELIABILITY of Mobile Application.]

htsps:fidocs google comforms/d/ 1wy NDSOOXBG XOXImriH6x Y S2q56cTHIy ZvPMdKqC4fviewanalytics 1671
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Strongly Neg...
Somewhat N...

No Effect
Somewhat P....

Strongly Posi...
0
Strongly Negative
Somewhat Negative
No Effect
Somewhat Positive
Strongly Positive

4
3
4

19

3
4

Android Applications Quality Model Survey « Google Forms

8.1%
12.1%
57 6%

9.1%

12.1%

What other factors would you offer that affects RELIABILITY?

1 Num of Classes [6- Select the degree of effects for each factors on the
PERFORMANCE EFFICIENCY of Mobile Application.]

Strongly Neg...
Somewhat N...
No Effect
Somewhat P...
Strongly Posi...
0 4 8 12 16
Strongly Negative 3 9.1%
Somewhat Negative 4 12.1%
No Effect 5 152%
Somewhat Positive 4 12.1%

Strongly Positive 17 51.5%

1 Num of Activities [6- Select the degree of effects for each factors on the
PERFORMANCE EFFICIENCY of Mobile Application.]

https=iidocs google comfforms&d/ Hewy NDSOOx BrGXOXImriHbx Y 52956 THIyZvPMAKqC 4 viewanalytics
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Strongly Neg...
Somewhat N...
No Effect
Somewhat P...
Strongly Posi...
0 a 8 12 16
1 Num of Services [6- Select the degree of effects for each factors on the
PERFORMANCE EFFICIENCY of Mobile Application.]
Strongly Neg...
Somewhat N...
No Effect
Somewhat P....
Strongly Posi...
0.0 35 7.0 10.5 14.0
Strongly Negative 15 45.5%
Somewhat Negative 6 18.2%
No Effect 5 15.2%
Somewhat Positive 4 12.1%
Strongly Positive 3 9.1%
t Num of BroadcastReceivers [6- Select the degree of effects for each
factors on the PERFORMANCE EFFICIENCY of Mobile Application.]
Somewhat N...
No Effect B
Somewhat P...
Strongly Posi... )
0 4 8 12 16
Strongly Negative 2 6.1%
Somewhat Negative 5 15.2%
No Effect 17 51.5%
Somewhat Positive 6 18.2%
Strongly Positive 3 91%
htep google.convForms/d/ 1 lcwyNDSOOXBG X0 XImriH6x Y 5256¢ THIyZvPMdKqCAfviewanalytics
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1 Num of ContentProviders [6- Select the degree of effects for each
factors on the PERFORMANCE EFFICIENCY of Mobile Application.]

Somewhat N...
No Effect
Somewhat P...

Strongty Posi...
0 a 8 12 16

Strongly Negative 2 6.1%
Somewhat Negative 3 9.1%
No Effect 8 24.2%
Somewhat Positive 17  51.5%
Strongly Positive 3 9.1%

1 Number of Dialogs [6- Select the degree of effects for each factors on
the PERFORMANCE EFFICIENCY of Mobile Application.]

Somewhat N...
No Effect

Somewhat P....

Strongly Posi...
0 4 8 12 16

Strongly Negative 18 54.5%

Somewhat Negative 5 152%
No Effect 4 12.1%
Somewhat Positive 3 9.1%
Strongly Positive 3 9.1%

1 Number of Threads [6- Select the degree of effects for each factors on
the PERFORMANCE EFFICIENCY of Mobile Application.]

httpsziidocs google comiforms/d/ | ewy NDEOOx BrG X0 XImriHb6x Y 52q56c THIy ZvPMJK qC4viewanalytics
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Strongly Neg...

Somewhat N...
No Effect
Somewhat P...
Strongly Posi...
0 4 8 12 16

Strongly Negative 6 18.2%

Somewhat Negative 4 121%

No Effect 5 152%

Somewhat Positive 0 0%

Strongly Positive 18 54.5%

1 android:minSdkVersion [6- Select the degree of effects for each factors
on the PERFORMANCE EFFICIENCY of Mobile Application.]

Strongly Neg...
Somewhat N... | il

No Effect|l
Somewhat P_.. [}

Strongly Posi... I
0 5 10 15

Strongly Negative 3 9.1%
Somewhat Negative 4 12.1%
No Effect 20 60.6%
Somewhat Positive 2 6.1%
Strongly Positive 4 12.1%

1 android:targetSdkVersion [6- Select the degree of effects for each
factors on the PERFORMANCE EFFICIENCY of Mobile Application.]

Strongly Neg...
Somewhat N...

No Effect
Somewhat P._..

Strongty Posi...
0 4 8 12 16

Strongly Negative 3 9.1%
hitpsziidocs. google comfformsid/ Lewy NDEOOx BrGXOXImnH6x Y 52956 THIy ZvPMAK qC 4 viewanalytics
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Somewhat Negative 4 12.1%
No Effect 19 57.6%
Somewhat Positive 3 9.1%
Strongly Positive 4 12.1%
1 Num of Tables in Database [6- Select the degree of effects for each
factors on the PERFORMANCE EFFICIENCY of Mobile Application.]
Strongly Neg...
Somewhat N... =
No Effect
Somewhat P...
Strongly Posi...
0 4 8 12 16
Strongly Negative 17 51.5%
Somewhat Negative 1 3%
No Effect 4 12.1%
Somewhat Positive 5 152%
Strongly Positive 6 18.2%
1 Depth of Inheritance Tree [6- Select the degree of effects for each
factors on the PERFORMANCE EFFICIENCY of Mobile Application.]
Strongly Neg...
Somewhat N...
No Effect
Somewhat P
Strongly Posi...
0 4 8 12 186
Strongly Negative 17 51.5%
Somewhat Negative 1 3%
No Effect 7 21.2%
Somewhat Positive 3 9.1%
Strongly Positive 5 152%
1 Degree of Coupling [6- Select the degree of effects for each factors on
https:fidocs. google.comdformsid! ewy NDEOOXBG XOXImriH6x Y 5256 THIyZvPMdJKqC 4/ viewanalytics 2171
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the PERFORMANCE EFFICIENCY of Mobile Application.]

Strongly Neg...
Somewhat N...

No Effect
Somewhat P__.

Strongly Posi...
0 ) 8 12 16

Strongly Negative 3 9.1%
Somewhat Negative 3 9.1%
No Effect 19 57.6%
Somewhat Positive 4 12.1%
Strongly Positive 4 12.1%

1 Degree of Cohesion [6- Select the degree of effects for each factors on
the PERFORMANCE EFFICIENCY of Mobile Application.]

Strongly Neg...
Somewhat N...

No Effect
Somewhat P...

Strongly Posi...
0 4 8 12 16

Strongly Negative 3 9.1%
Somewhat Negative 4 12.1%
No Effect 19 57.6%
Somewhat Positive 5 152%
Strongly Positive 2 6.1%

1 Num of Attributes [6- Select the degree of effects for each factors on the
PERFORMANCE EFFICIENCY of Mobile Application.]

hitps:iidocs google comfformsid/ Lewy NDSOOx BrGXOXImnH6x Y 52956 THIyZvPMAK U4/ viewanalytics 2271
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Somewhat N...

No Effect

Strongly Posi...

(=]
o
L]
a3
>

t Number of Methods [6- Select the degree of effects for each factors on
the PERFORMANCE EFFICIENCY of Mobile Application.]

Somewhat N...
No Effect

Somewhat P...

Strongly Posi...
0.0 35 7.0 10.5 14.0

Strongly Negative 3  9.1%
Somewhat Negative 8 24.2%
No Effect 15 45.5%
Somewhat Positive 5 15.2%
Strongly Positive 2 6.1%

1 Number of Intents [6- Select the degree of effects for each factors on the

PERFORMANCE EFFICIENCY of Mobile Application.]

Somewhat N...|

No Effect|
Somewhat P... |

Strongty Posi... [
0.0 35 7.0 10.5 14.0

Strongly Negative 3 9.1%
Somewhat Negative 6 18.2%
No Effect 15 45.5%

httpszlidocs google comiforms/d/ | ewy NDSOOx BrG X0 XImriH6x Y 52q56c THIy ZvPMJK gC4iviewanalytics
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Somewhat Positive 5 152%
Strongly Positive 4 121%

1 Cyclomatic Complexity [6- Select the degree of effects for each factors
on the PERFORMANCE EFFICIENCY of Mobile Application.]

Strongly Neg...

Somewhat N....
No Effect
Somewhat P....

Strongly Posi...
0 ) 8 12 16

Strongly Negative 17 51.5%
Somewhat Negative 1 3%

No Effect 6 182%
Somewhat Positive 3 9.1%
Strongly Positive 6 182%

1 Num of <uses-permission> [6- Select the degree of effects for each
factors on the PERFORMANCE EFFICIENCY of Mobile Application.]

Strongly Neg...
Somewhat N...

No Effect
Somewhat P...

Strongly Posi...
0 4 8 12 16

Strongly Negative 2 6.1%
Somewhat Negative 3  9.1%
No Effect 6 18.2%
Somewhat Positive 18 54.5%
Strongly Positive 4 121%

What other factors would you offer that affects PERFORMANCE
EFFICIENCY?

htsps:/idocs google.comifarms/d! 1 lewy NDSOOX BeG XOXImriHéx Y S2q56¢ THIyZvPMAKgC4fviewanalytics
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1 Num of Classes [7- Select the degree of effects for each factors on the
PORTABILITY of Mobile Application.]

Somewhat N...
No Effect
Somewhat P...

Strongly Posi...
0 4 8 12 16

Strongly Negative 3 9.1%
Somewhat Negative 3 9.1%
No Effect 5 15.2%
Somewhat Positive 4 12.1%
Strongly Positive 18 54.5%

1 Num of Activities [7- Select the degree of effects for each factors on the
PORTABILITY of Mobile Application.]

Strongly Neg...
Somewhat N...

No Effect
Somewhat P_..

Strongly Posi...

o
>
®
]

16

Strongly Negative 3 9.1%
Somewhat Negative 4 12.1%
No Effect 17 51.5%
Somewhat Positive 5 152%
Strongly Positive 4 121%

1 Num of Services [7- Select the degree of effects for each factors on the
PORTABILITY of Mobile Application.]

https=iidocs google comfformsid/ e wy NDSOOx BrGXOXImriH6x Y Sag56c THIvZvPMdKqC4viewanalytics 2571
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16

1 Num of BroadcastReceivers [7- Select the degree of effects for each
factors on the PORTABILITY of Mobile Application.]

Strongly Neg...
Somewhat N...
No Effect

Somewhat P...

Strongly Posi...
0 4 8 12 16

Strongly Negative 4 12.1%
Somewhat Negative 4 12.1%
No Effect 17 51.5%
Somewhat Positive 6 18.2%
Strongly Positive 2  6.1%

1 Num of ContentProviders [7- Select the degree of effects for each
factors on the PORTABILITY of Mobile Application.]

Strongly Neg...

Somewhat N....
No Effect
Somewhat P_..

Strongly Posi...

Strongly Negative 3 91%
Somewhat Negative 2 6.1%

hitps:/idocs google com/forms&d/ e wy NDSOOx BrG XOXImnH6x Y 52g56c THIyZvPM K qC4viewanalytics
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No Effect 5 152%
Somewhat Positive 19 57.6%
Strongly Positive 4 12.1%

1 Number of Dialogs [7- Select the degree of effects for each factors on
the PORTABILITY of Mobile Application.]

Strongly Neg...

Somewhat N....
No Effect
Somewhat P_..

Strongly Posi...

(=)
PN
)
)

Strongly Negative 3 9.1%
Somewhat Negative 4 12.1%
No Effect 16 48.5%
Somewhat Positive 6 18.2%
Strongly Positive 4 12.1%

1 Number of Threads [7- Select the degree of effects for each factors on
the PORTABILITY of Mobile Application.]

Strongly Neg...
Somewhat N...

No Effect
Somewhat P...

Strongly Posi...
0 4 8 12 16

Strongly Negative 3 9.1%
Somewhat Negative 8 242%
No Effect 18 54.5%
Somewhat Positive 3 9.1%
Strongly Positive 1 3%

1 android:minSdkVersion [7- Select the degree of effects for each factors
on the PORTABILITY of Mobile Application.]

hitpsziidocs google comfformsid/ Lewy NDEOOx BrGXOXImnH6x Y 52956 THIyZvPMAK qC 4 viewanalytics 27171
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Strongly Negative 17 51.5%
Somewhat Negative 1 3%

No Effect 7 212%
Somewhat Positive 3 9.1%
Strongly Positive 5 15.2%

1 android:targetSdkVersion [7- Select the degree of effects for each
factors on the PORTABILITY of Mobile Application.]

Somewhat N...
No Effect
Somewhat P...

0.0 35 7.0 10.5

Strongly Negative 7 21.2%
Somewhat Negative 2 6.1%
No Effect 14 42.4%
Somewhat Positive 6 18.2%
Strongly Positive 4 12.1%

1 Num of Tables in Database [7- Select the degree of effects for each
factors on the PORTABILITY of Mobile Application.]

hisps:/docs google.com/ormsd! ewy NDSOOxBG X0 XImriH6x Y 52q56¢THIyZvPMdKqC Afviewanalytics 2871

102



/1672016

Android Applications Quality Model Survey » Google Forms

Strongly Neg...

Somewhat N....
No Effect
Somewhat P...

Strongly Posi....|

12

o
w
o
o

1 Depth of Inheritance Tree [7- Select the degree of effects for each
factors on the PORTABILITY of Mobile Application.]

Strongly Neg...
Somewhat N...

No Effect
Somewhat P...

Strongly Posi...
0 4 8 12 16

Strongly Negative 4 12.1%
Somewhat Negative 3 9.1%
No Effect 5 15.2%
Somewhat Positive 17 51.5%
Strongly Positive 4 12.1%

1 Degree of Coupling [7- Select the degree of effects for each factors on

the PORTABILITY of Mobile Application.]

Strongly Neg...
Somewhat N....

No Effect
Somewhat P...

Strongly Posi...
0.0 25 5.0 75 10.0

Strongly Negative 3 91%
Somewhat Negative 12 36.4%
No Effect 7 21.2%
Somewhat Positive 7 21.2%
Strongly Positive 4 12.1%

hitps:iidocs google comfforms&d/ Hewy NDSOOx BrGXOXImnH6x Y S2g56c THIyZv PMdKqC4viewanalytics
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t Degree of Cohesion [7- Select the degree of effects for each factors on
the PORTABILITY of Mobile Application.]

Strongly Neg...

Somewhat N...
No Effect
Somewhat P...
Strongly Posi...
0 2 4 6 8
Strongly Negative 3 9.1%
Somewhat Negative 8 24.2%
No Effect 8 24.2%
Somewhat Positive 9 27.3%
Strongly Positive 5§ 15.2%

1 Num of Attributes [7- Select the degree of effects for each factors on the
PORTABILITY of Mobile Application.]

Strongly Neg...
Somewhat N...

No Effect
Somewhat P...

Strongly Posi...

0 4 8 12 16

Strongly Negative 1 3%
Somewhat Negative 6 18.2%
No Effect 18 54.5%
Somewhat Positive 5 15.2%
Strongly Positive 3 9.1%

1 Number of Methods [7- Select the degree of effects for each factors on
the PORTABILITY of Mobile Application.]

https=lidocs. google convforms&d! Hewy NDSOOx BrG XOXImriHbx Y5256 THIyZvPMdKqC4hviewanalytics 3471
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Somewhat N...
No Effect
Somewhat P...
Strongly Posi...
0.0 35 7.0 10.5
Strongly Negative 4 121%
Somewhat Negative 3 9.1%
NoEffect 5 15.2%
Somewhat Positive 7 21.2%
Strongly Positive 14 42.4%
1 Number of Intents [7- Select the degree of effects for each factors on the
PORTABILITY of Mobile Application.]
Strongly Neg...
Somewhat N...
No Effect
Somewhat P...
Strongly Posi...
0.0 35 7.0 10.5 14.0
Strongly Negative 3 9.1%
Somewhat Negative 1 3%
No Effect 4 12.1%
Somewhat Positive 10 30.3%
Strongly Positive 15 45.5%
1 Cyclomatic Complexity [7- Select the degree of effects for each factors
on the PORTABILITY of Mobile Application.]
Strongly Neg...
Somewhat N...
No Effect
Somewhat P...
Strongly Posi...
0 4 8 12 16
https:fidocs google comfforms/d/lcwyNDSOOXBrG X0 XImriH6x Y 52q56¢ THIyZvPMdKqC4hviewanalytics 31m

105



162016

Android Applications Quality Model Survey « Google Forms
Strongly Negative 3 9.1%

Somewhat Negative 4 121%
No Effect 18 54.5%
Somewhat Positive 5 152%

Strongly Positive 3 9.1%

1 Num of <uses-permission> [7- Select the degree of effects for each
factors on the PORTABILITY of Mobile Application.]

Strongly Neg...

Somewhat N...
No Effect
Somewhat P...

Strongly Posi...
0 4 8 12 16

Strongly Negative 3 9.1%

Somewhat Negative 4 12.1%
No Effect 18 54.5%
Somewhat Positive 5 152%

Strongly Positive 3 9.1%

What other factors would you offer that affects PORTABILITY?

1 Num of Classes [8- Select the degree of effects for each factors on the
MAINTAINABILITY of Mobile Application.]

Strongly Neg...

Somewhat N...
No Effect

Somewhat P.._.

Strongly Posi...
0.0 35 7.0 10.5 14.0
Strongly Negative 4 121%
Somewhat Negative 4 12.1%
No Effect 5 15.2%
Somewhat Positive 5 15.2%

httpsziidocs. google comdformsd/ Hewy NDSOOx BrG XOXImnH6x Y52q56c THIyZv PMJKgC4viewanalytics 32
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Strongly Positive 15 45.5%

1 Num of Activities [8- Select the degree of effects for each factors on the
MAINTAINABILITY of Mobile Application.]

Strongly Neg...
Somewhat N...
No Effect
Somewhat P...
Strongty Posi...
0.0 35 7.0 10.5 14.0
Strongly Negative 4 12.1%
Somewhat Negative 4 12.1%
No Effect 5 152%
Somewhat Positive 5 152%

Strongly Positive 15 45.5%

1 Num of Services [8- Select the degree of effects for each factors on the
MAINTAINABILITY of Mobile Application.]

Strongly Neg...
Somewhat N...
No Effect,

Somewhat P...

Strongly Posi...
0 3 6 9 12

Strongly Negative 3 91%
Somewhat Negative 3 9.1%
No Effect 5 15.2%
Somewhat Positive 13 39.4%
Strongly Positive 9 27.3%

1 Num of BroadcastReceivers [8- Select the degree of effects for each

factors on the MAINTAINABILITY of Mobile Application.]

httpsfidocs google comfforms&d/ Hewy NDEOOx BrGXOXImnH6x Y 52g56c THIyZyvPMdK gC4hviewanalytics 33m
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Somewhat N...|
No Effect
Somewhat P....|

Strongly Posi....|

0 4 8 12 16

Strongly Negative 3 91%
Somewhat Negative 4 121%
No Effect 18 54.5%
Somewhat Positive 4 12.1%
Strongly Positive 4 121%

1 Num of ContentProviders [8- Select the degree of effects for each
factors on the MAINTAINABILITY of Mobile Application.]

Strongly Neg...
Somewhat N....

No Effect
Somewhat P...

Strongty Posi...
0 a 8 12 16

Strongly Negative 3 9.1%
Somewhat Negative 3 91%
No Effect 5 15.2%
Somewhat Positive 17 51.5%
Strongly Positive 5 152%

1 Number of Dialogs [8- Select the degree of effects for each factors on
the MAINTAINABILITY of Mobile Application.]

Somewhat N....
No Effect
Somewhat P...

Strongly Posi...
0 4 8 12 16

hitps=iidocs. google comforms&d/ Hewy NDSOOx BrG XOXImriHox Y 52g56¢ THIyZvPMdKqC4vie wanalytics
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Strongly Negative 4 12.1%
Somewhat Negative 4 12.1%
No Effect 18 54.5%
Somewhat Positive 4 12.1%
Strongly Positive 3 91%

t Number of Threads [8- Select the degree of effects for each factors on
the MAINTAINABILITY of Mobile Application.]

Strongly Neg...

Somewhat N...
No Effect

Somewhat P...

Strongly Posi...
12 16

o
EN
w

Strongly Negative 3 9.1%
Somewhat Negative 3 91%
No Effect 5 15.2%
Somewhat Positive 18 54.5%
Strongly Positive 4 12.1%

1 android:minSdkVersion [8- Select the degree of effects for each factors
on the MAINTAINABILITY of Mobile Application.]

Strongly Neg...
Somewhat N...

No Effect
Somewhat P...

0.0 35 7.0 10.5 14.0

Strongly Negative 5 15.2%
Somewhat Negative 3 91%
No Effect 15 45.5%
Somewhat Positive 9 27.3%
Strongly Positive 1 3%

htsps:/idocs.google comiforms/d/ 1wy NDEOOXBrG XOXImriHéx Y 52q56c THIyZvPMdK U4 viewanalytics 351
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1 android:targetSdkVersion [8- Select the degree of effects for each
factors on the MAINTAINABILITY of Mobile Application.]

Strongly Neg...

Somewhat N...
No Effect
Somewhat P_..

Strongly Posi...
0.0 35 7.0 10.5 14.0

Strongly Negative 5 152%
Somewhat Negative 3 9.1%
No Effect 15 45.5%
Somewhat Positive 9 27.3%
Strongly Positive 1 3%

1 Num of Tables in Database [8- Select the degree of effects for each
factors on the MAINTAINABILITY of Mobile Application.]

Strongly Neg...
Somewhat N...
No Effect

Somewhat P_..

Strongly Posi...
0.0 35 7.0 10.5

15.2%

6.1%

Strongly Negative
Somewhat Negative
No Effect 12.1%
Somewhat Positive 24 2%
Strongly Positive 14 42.4%

@ & N O

1 Depth of Inheritance Tree [8- Select the degree of effects for each
factors on the MAINTAINABILITY of Mobile Application.]

htps:iidocs. google comfformsid/ Lewy NDEOOX BrGXOXImriHox Y 52g56c THIy ZvPMdK qC4/viewanalytics
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1 Degree of Coupling [8- Select the degree of effects for each factors on
the MAINTAINABILITY of Mobile Application.]

Strongly Neg...
Somewhat N....

No Effect
Somewhat P...

Strongly Posi...
0.0 25 50 7.5 10.0

Strongly Negative 8 24.2%
Somewhat Negative 11 33.3%
No Effect 7 21.2%
Somewhat Positive 4 121%
Strongly Positive 3 9.1%

1 Degree of Cohesion [8- Select the degree of effects for each factors on
the MAINTAINABILITY of Mobile Application.]

Somewhat N....
No Effect
Somewhat P._..

Strongly Posi...
0.0 35 7.0 10.5 14.0

Strongly Negative 5 152%
Somewhat Negative 4 121%

h

pslidocs google comyforms/d/ 1 kowy NDSOOx BrG X0 XImriH6x Y 52q56¢ THIyZvPMAKqC4fvie wanalytics
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No Effect 15 45.5%
Somewhat Positive 8 242%
Strongly Positive 1 3%

1 Num of Attributes [8- Select the degree of effects for each factors on the
MAINTAINABILITY of Mobile Application.]

Somewhat N...
No Effect

Somewhat P...

Strongly Posi...

o
o
o
-
N
-
o

Strongly Negative 3 9.1%
Somewhat Negative 5 152%
No Effect 17 51.5%
Somewhat Positive 4 12.1%
Strongly Positive 4 12.1%

1 Number of Methods [8- Select the degree of effects for each factors on
the MAINTAINABILITY of Mobile Application.]

Somewhat N....
No Effect

Somewhat P...

Strongly Posi...
0 4 8 12

Strongly Negative 16 485%

Somewhat Negative 4 12.1%

No Effect 4 12.1%
Somewhat Positive 7 21.2%
Strongly Positive 2 6.1%

1 Number of Intents [8- Select the degree of effects for each factors on the
MAINTAINABILITY of Mobile Application.]

hitps:/idocs. google comfforms/d? 1wy NDSOOxBrG XOXImriH6x Y S2q56¢ THIyZvPMdKqC4iviewanalytics
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Strongly Neg...
Somewhat N._...

No Effect

o
&
®
-
N
—
(2]

Strongly Negative 4 12.1%
Somewhat Negative 4 12.1%
No Effect 17 51.5%
Somewhat Positive 5 15.2%
Strongly Positive 3 9.1%

1 Cyclomatic Complexity [8- Select the degree of effects for each factors
on the MAINTAINABILITY of Mobile Application.]

Somewhat N....
No Effect

Somewhat P...

o
o
o
e

Strongly Negative 2 6.1%
Somewhat Negative 5 15.2%
No Effect 16 48.5%
Somewhat Positive 7 21.2%
Strongly Positive 3  9.1%

t Num of <uses-permission> [8- Select the degree of effects for each
factors on the MAINTAINABILITY of Mobile Application.]

htsps:iidocs google.comyfarms/dd 1 lewy NDSOOx BrG XOXImriH6x Y 52q56¢ THIy ZvPMdKqCAfviewanalytics
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Strongly Neg...
Somewhat N...
No Effect
Somewhat P...
Strongly Posi...
0 4 8 12 16
What other factors would you offer that affects MAINTAINABILITY?
1 Num of Classes [9- Select the degree of effects for each factors on the
DATA INTEGRITY of Mobile Application.]
Strongly Neg...
Somewhat N...
No Effect
Somewhat P...
Strongty Posi...
0 4 8 12 16
Strongly Negative 3 9.1%
Somewhat Negative 5 152%
No Effect 17 51.5%
Somewhat Positive 4 121%
Strongly Positive 4 12.1%
1 Num of Activities [9- Select the degree of effects for each factors on the
DATA INTEGRITY of Mobile Application.]
Strongly Neg...
Somewhat N...
No Effect|
Somewhat P...
Strongly Posi... |
0 a 8 12 16
Strongly Negative 4 12.1%
Somewhat Negative 3 9.1%
https:iidocs google comfforms/d/ Hewy NDSOOx BrG XOXImnH6x Y 52956 THIyZvPMJK qC4/viewanalytics AT
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No Effect 4 121%
Somewhat Positive 5 152%
Strongly Positive 17 51.5%
1 Num of Services [9- Select the degree of effects for each factors on the
DATA INTEGRITY of Mobile Application.]
Strongly Neg...
Somewhat N...
No Effect
Somewhat P...
Strongly Posi...
0.0 35 7.0 10.5 14.0
Strongly Negative 3 9.1%
Somewhat Negative 3 9.1%
No Effect 5 152%
Somewhat Positive 7 212%
Strongly Positive 15 45.5%
1 Num of BroadcastReceivers [9- Select the degree of effects for each
factors on the DATA INTEGRITY of Mobile Application.]
Strongly Neg... ‘
Somewhat N...
No Effect
Somewhat P...
Strongly Posi...
0 4 8 12
Strongly Negative 4 121%
Somewhat Negative 5 15.2%
No Effect 16 48.5%
Somewhat Positive 4 12.1%
Strongly Positive 4 12.1%
1 Num of ContentProviders [9- Select the degree of effects for each
factors on the DATA INTEGRITY of Mobile Application.]
htsps:/idocs.google comyforms/d/ e wy NDEOOxBrG XOXImriH6x YSag56c THIyZvPMdKqC4viewanalytics 4171
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Strongly Negative 4 12.1%
Somewhat Negative 4 12.1%
No Effect 9 27.3%
Somewhat Positive 4 12.1%

Strongly Positive 12 36.4%

1 Number of Dialogs [9- Select the degree of effects for each factors on
the DATA INTEGRITY of Mobile Application.]

Somewhat N...
No Effect
Somewhat P_..

Strongly Posi...
0 4 8 12 16

Strongly Negative 4 12.1%
Somewhat Negative 5 152%
No Effect 17 51.5%
Somewhat Positive 5 15.2%
Strongly Positive 2 6.1%

t Number of Threads [9- Select the degree of effects for each factors on
the DATA INTEGRITY of Mobile Application.]

hitsps:/idocs. google.comyforms/d/ 1wy NDROOX BsG XOXImriH6x Y 52q56¢ THIyZvPMAKqCAfviewanalytics
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Strongly Neg...

Somewhat N....
No Effect
Somewhat P_..

Strongly Posi...
0.0 35 7.0 105 14.0

1 android:minSdkVersion [9- Select the degree of effects for each factors
on the DATA INTEGRITY of Mobile Application.]

Strongly Neg...

Somewhat N_..|©

1

No Effect|
Somewhat P...

Strongly Posi... (= |
0.0 35 7.0 10.5

Strongly Negative 4 12.1%
Somewhat Negative 6 182%
No Effect 14 42.4%
Somewhat Positive 6 18.2%
Strongly Positive 3 9.1%

1 android:targetSdkVersion [9- Select the degree of effects for each
factors on the DATA INTEGRITY of Mobile Application.]

Strongly Neg...
Somewhat N...

No Effect
Somewhat P...

Strongly Posi...
0 4 8 12

Strongly Negative 3 9.1%
Somewhat Negative 6 182%
No Effect 16 48.5%
Somewhat Positive 6 18.2%
Strongly Positive 2 6.1%

htps:docs.google comvarms/d/ 1wy NDBOOx BrG XOXImriH6x Y 52q56¢ THIy ZvPMdKqCAviewanalytics
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1 Num of Tables in Database [9- Select the degree of effects for each
factors on the DATA INTEGRITY of Mobile Application.]
StronglyNeg...|
Somewhat N...|
No Effect|
Somewhat P...|
Strongly Posi... » ;
0.0 35 7.0 10.5 14.0
Strongly Negative 2 6.1%
Somewhat Negative 4 121%
No Effect 7 21.2%
Somewhat Positive 5 15.2%
Strongly Positive 15 45.5%
1 Depth of Inheritance Tree [9- Select the degree of effects for each
factors on the DATA INTEGRITY of Mobile Application.]
Somewhat N...
No Effect
Somewhat P...
Strongly Posi...
0 4 8 12
Strongly Negative 3  9.1%
Somewhat Negative 3  9.1%
No Effect 4 12.1%
Somewhat Positive 7 21.2%
Strongly Positive 16 48.5%
1 Degree of Coupling [9- Select the degree of effects for each factors on
the DATA INTEGRITY of Mobile Application.]
hepsziidocs google comfarmsid/ Hiewy NDSOOx BrG XOXImnH6x Y 52q56c THIy ZvPMJK qC4/viewanalytics 4471
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Strongly Neg...
Somewhat N....

No Effect
Somewhat P...

Strongly Posi...
0.0 as 7.0 10.5
Strongly Negative 4 121%
Somewhat Negative 4 121%
No Effect 7 212%
Somewhat Positive 14 42.4%
Strongly Positive 4 121%

1 Degree of Cohesion [9- Select the degree of effects for each factors on
the DATA INTEGRITY of Mobile Application.]

Strongly Neg...
Somewhat N...

No Effect
Somewhat P...

Strongly Posi...
0 4 8 12 16

Strongly Negative 2 6.1%
Somewhat Negative 2 6.1%
No Effect 9 27.3%
Somewhat Positive 17 51.5%
Strongly Positive 3 9.1%

1 Num of Attributes [9- Select the degree of effects for each factors on the
DATA INTEGRITY of Mobile Application.]

Strongly Neg... ||
Somewhat N... ¥
No Effect

Somewhat P_..

Strongly Posi... i
0 4 8 12 16

htepsziidocs.google comdforms/d/ e wyNDSOOx BrG XOXImriH6x Y 5256 THIyZvPMdKqC4viewanalytics 4571
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Strongly Negative 3 9.1%
Somewhat Negative 4 121%
No Effect 7 21.2%
Somewhat Positive 17 51.5%
Strongly Positive 2 6.1%

1 Number of Methods [9- Select the degree of effects for each factors on
the DATA INTEGRITY of Mobile Application.]

Strongly Neg...

Somewhat N...
No Effect
Somewhat P...

Strongly Posi...
0 4 8 12

Strongly Negative 3 9.1%
Somewhat Negative 5 152%
No Effect 6 18.2%
Somewhat Positive 16 48.5%
Strongly Positive 3 9.1%

t Number of Intents [9- Select the degree of effects for each factors on the
DATA INTEGRITY of Mobile Application.]

Strongly Neg...

Somewhat N...
No Effect
Somewhat P_..

Strongly Posi...

0.0 35 7.0 10.5 14.0

Strongly Negative 3 9.1%
Somewhat Negative 4 12.1%
No Effect 8 24.2%
Somewhat Positive 15 45.5%
Strongly Positive 3 9.1%

https:iidocs google comdfforms/d/ Hewy NDEOOXBrG XOXImnH6x Y S2q56¢ THIyZvPMdKqC4viewanalytics 26071
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1 Cyclomatic Complexity [9- Select the degree of effects for each factors

on the DATA INTEGRITY of Mobile Application.]

Somewhat N...
No Effect
Somewhat P....

Strongly Posi...
0 4 8 12

Strongly Negative 3 9.1%
Somewhat Negative 5 15.2%
No Effect 16 48.5%
Somewhat Positive 6 18.2%
Strongly Positive 3 9.1%

1 Num of <uses-permission> [9- Select the degree of effects for each
factors on the DATA INTEGRITY of Mobile Application.]

Strongly Neg...
Somewhat N....

No Effect
Somewhat P...

Strongly Posi...
0 4 8 12 16

Strongly Negative 5 15.2%
Somewhat Negative 5 15.2%
No Effect 17 51.5%
Somewhat Positive 4 12.1%
Strongly Positive 2 6.1%

What other factors would you offer that affects DATA INTEGRITY?

1 Num of Classes [10- Select the degree of effects for each factors on the

USABILITY of Mobile Application.)

hittps:/idocs google conyforms/d/ Hewy NDROOXBIG XOXImriH6x Y S2q56¢ THIyZvPMAKqC4hviewanalytics
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Strongly Neg...
Somewhat N....
No Effect

Somewhat P...

Strongly Posi...
0 3 6 9 12
Strongly Negative 2 6.1%
Somewhat Negative 4 121%
No Effect 7 21.2%
Somewhat Positive 7 21.2%

Strongly Positive 13 354%

1 Num of Activities [10- Select the degree of effects for each factors on
the USABILITY of Mobile Application.]

Strongly Neg...
Somewhat N....
No Effect|’
Somewhat P...
Strongly Posi... i
0.0 35 7.0 10.5 14.0
Strongly Negative 2 6.1%
Somewhat Negative 3 9.1%
No Effect 7 21.2%
Somewhat Positive 6 18.2%

Strongly Positive 15 455%

1 Num of Services [10- Select the degree of effects for each factors on the
USABILITY of Mobile Application.]

Strongly Neg...
Somewhat N...

No Effect
Somewhat P...

Strongly Posi...

0 4 8 12

https/idocs. google comfforms&d/ Hewy NDEOOx BrGXOXImnH6x Y 52g56c THIyZvPMdK gC4hviewanalytics 4871
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Strongly Negative 2 6.1%
Somewhat Negative 2 6.1%
No Effect 8 24.2%
Somewhat Positive 5 15.2%

Strongly Positive 16 48.5%

1 Num of BroadcastReceivers [10- Select the degree of effects for each
factors on the USABILITY of Mobile Application.]

Somewhat N...
No Effect

Somewhat P...

Strongly Posi...
0 a 8 12

Strongly Negative 3 9.1%
Somewhat Negative 6 18.2%
No Effect 16 48.5%
Somewhat Positive 5 15.2%
Strongly Positive 3 9.1%

1 Num of ContentProviders [10- Select the degree of effects for each
factors on the USABILITY of Mobile Application.]

Somewhat N...

No Effect
Somewhat P....

Strongty Posi...
0.0 35 7.0 10.5

Strongly Negative 1 3%
Somewhat Negative 2 6.1%
No Effect 8 24.2%
Somewhat Positive 14 42.4%
Strongly Positive 8 24.2%

hitps:Aidocs google com/forms/d/ ewy NDSOOXBrG X0 XImriH6x Y 52q56¢ THIyZy PMdKgCaviewanalytics 49771
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1 Number of Dialogs [10- Select the degree of effects for each factors on
the USABILITY of Mobile Application.]

V1&2016

Strongly Neg...
Somewhat N...

No Effect
Somewhat P...

Strongly Posi...
0.0 35 7.0

Strongly Negative
Somewhat Negative
No Effect
Somewhat Positive
Strongly Positive

D e W N
n
&

1 Number of Threads [10- Select the degree of effects for each factors on
the USABILITY of Mobile Application.]

Strongly Neg...

Somewhat N...
No Effect
Somewhat P_..
Strongly Posi...
0 a 8 12
Strongly Negative 1 3%
Somewhat Negative 4 12.1%
No Effect 8 242%
Somewhat Positive 4 121%
Strongly Positive 16 45.5%

1 android:minSdkVersion [10- Select the degree of effects for each factors
on the USABILITY of Mobile Application.]

htsps=/idocs.google.convorms/d!  lewy NDSOOx BrG X0 XImriH6x Y 52q56¢ THIyZvPMdKqC4fviewanalytics
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10.5 14.0

1t android:targetSdkVersion [10- Select the degree of effects for each
factors on the USABILITY of Mobile Application.]

Somewhat N...
No Effect

Somewhat P...

Strongly Posi...

Strongly Negative 3  9.1%
Somewhat Negative 6 18.2%
No Effect 16 48.5%
Somewhat Positive 6 18.2%
Strongly Positive 2  6.1%

1 Num of Tables in Database [10- Select the degree of effects for each
factors on the USABILITY of Mobile Application.]

Somewhat N....
No Effect
Somewhat P...

0.0 35 7.0 10.5

Strongly Negative 4 12.1%
Somewhat Negative 5 15.2%

https:2/idocs. google comiforms/d/ HewyNDEOOX BrG X0 XImnHx Y52q56c¢ THIvZvPMAKgC4viewanalytics sum
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No Effect 14 42.4%
Somewhat Positive 7 212%
Strongly Positive 3 9.1%

1 Depth of Inheritance Tree [10- Select the degree of effects for each
factors on the USABILITY of Mobile Application.]

Strongly Neg...
Somewhat N....

No Effect
Somewhat P...

Strongly Posi...
0.0 35 7.0 10.5

Strongly Negative 4 12.1%
Somewhat Negative 5§ 15.2%
No Effect 14 42.4%
Somewhat Positive 7T 21.2%
Strongly Positive 3 91%

1 Degree of Coupling [10- Select the degree of effects for each factors on
the USABILITY of Mobile Application.]

Strongly Neg...
Somewhat N...

No Effect
Somewhat P...

Strongly Posi...
0 4 8 12

Strongly Negative 4 121%
Somewhat Negative 4 12.1%
No Effect 16 48.5%
Somewhat Positive 6 18.2%
Strongly Positive 3 9.1%

1 Degree of Cohesion [10- Select the degree of effects for each factors on
the USABILITY of Mobile Application.]

htzps:z/idocs. google comdforms/d/ 1 e wy NDEOOX BrG XOXImriH6x Y 52q56¢ THIy ZvPMdK qCAvie wanalytics
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Strongly Negative
Somewhat Negative
No Effect
Somewhat Positive
Strongly Positive

1 Num of Attributes [10- Select the degree of effects for each factors on
the USABILITY of Mobile Application.]

Somewhat N...
No Effect
Somewhat P...

Strongly Posi...
0.0

Strongly Negative
Somewhat Negative
No Effect
Somewhat Positive
Strongly Positive

1 Number of Methods [10- Select the degree of effects for each factors on
the USABILITY of Mobile Application.]

hitps:/idocs google.comyfarmsdd! 1 ewy NDSOOxBrG XOXImriH6x Y 52q56c THIyZvPMdKqC4fviewanalytics
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12.1%
15.2%
45.5%
18.2%

9.1%

9.1%
12.1%
15.2%
18.2%
45.5%
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Somewhat N...

No Effect

Somewhat P...

Strongly Posi...
0.0 35 7.0 10.5 14.0

1 Number of Intents [10- Select the degree of effects for each factors on
the USABILITY of Mobile Application.]

Somewhat N__.|
No Effect

Somewhat P_..

Strongty Posi...
0 4 8 12

Strongly Negative 3 9.1%
Somewhat Negative 4 121%
No Effect 7 21.2%
Somewhat Positive 16 48.5%
Strongly Positive 3 9.1%

t Cyclomatic Complexity [10- Select the degree of effects for each factors
on the USABILITY of Mobile Application.]

Somewhat N....
No Effect

Somewhat P_..

Strongly Posi...

=3
w
@
©
)

Strongly Negative 4 121%
Somewhat Negative 5 15.2%
No Effect 13 39.4%
Somewhat Positive 10 30.3%

Strongly Positive 1 3%
formsdd! 1wy NDSOOXBrGXOXImrH6x Y S2q56¢THIyZvPMAKqCANviewanalytics
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1 Num of <uses-permission> [10- Select the degree of effects for each
factors on the USABILITY of Mobile Application.]

Strongly Neg...
Somewhat N...

No Effect
Somewhat P...

Strongly Posi...
0.0 35 7.0 10.5

Strongly Negative 14 42.4%
Somewhat Negative 4 12.1%
No Effect 6 18.2%
Somewhat Positive 8 242%
Strongly Positive 1 3%

What other factors would you offer that affects USABILITY?

1 Num of Classes [11- Select the degree of effects for each factors on the
SECURITY of Mobile Application.]

Strongly Neg...
Somewhat N...

No Effect
Somewhat P_..

Strongty Posi...
0.0 35 7.0 10.5 14.0

Strongly Negative 3 9.1%
Somewhat Negative 3 9.1%
No Effect 7 21.2%
Somewhat Positive 15 45.5%
Strongly Positive 5 152%

1 Num of Activities [11- Select the degree of effects for each factors on

the SECURITY of Mobile Application.]

httpsziidocs.google comforms/d/ Hewy NDSOOx BrG XOXImriH6x Y 52q56c THIyZvPMJKgC4/viewanalytics 551
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Somewhat N...
No Effect
Somewhat P_..
Strongly Posi...
0.0 35 7.0 10.5 14.0
Strongly Negative 4 12.1%
Somewhat Negative 5 152%
No Effect 15 45.5%
Somewhat Positive 8 24.2%
Strongly Positive 1 3%
1 Num of Services [11- Select the degree of effects for each factors on the
SECURITY of Mobile Application.]
Strongly Neg...
Somewhat N...
No Effect
Somewhat P...
Strongly Posi...
0 a 8 12
Strongly Negative 3 91%
Somewhat Negative 16 48.5%
No Effect 8 24.2%
Somewhat Positive 5 15.2%
Strongly Positive 1 3%
1 Num of BroadcastReceivers [11- Select the degree of effects for each
factors on the SECURITY of Mobile Application.]
hitps:fidocs google comiforms/d/ 1 lewy NDSOOXBIG XOXImriH6x Y 52q56¢ THIy ZvPMdKqC4viewanalytics 56071
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Somewhat N...|*
No Effect|
Somewhat P_..|
Strongly Posi....|
0.0 35 7.0 105 14.0
1 Num of ContentProviders [11- Select the degree of effects for each
factors on the SECURITY of Mobile Application.]
Strongly Neg...
Somewhat N....
No Effect
Somewhat P...
Strongly Posi...
0 3 6 9 12
Strongly Negative 2 6.1%
Somewhat Negative 4 12.1%
No Effect 9 27.3%
Somewhat Positive 13 39.4%
Strongly Positive 5 152%
1 Number of Dialogs [11- Select the degree of effects for each factors on
the SECURITY of Mobile Application.]
Somewhat N...
No Effect
Somewhat P...
Strongly Posi...
0 4 8 12
Strongly Negative 3 9.1%
Somewhat Negative 7 21.2%
No Effect 16 48.5%
Somewhat Positive 5 152%
Strongly Positive 2 6.1%
https:lidocs google com/farms/d/ 1wy NDSOOXBrG XOXImriH6x Y 52q56¢ THIyZvPMdKqC 4 viewanalytics 5171
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