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ABSTRACT

PRIORITIZING USE CASES FOR DEVELOPMENT OF MOBILE APPS
USING AHP: A CASE STUDY IN TO-DO LIST APPS

Yildirim, Onur
M.S., Department of Software Engineering
Supervisor : Asst. Prof. Dr. Serhat PEKER
Co-Supervisor : Prof. Dr. Ali YAZICI

September 2019, 33 pages

The intensity of use of mobile applications has increased significantly with the rapid
development of communication technologies. Every day many different types of To-
Do apps are uploaded to mobile application markets. However, it is very difficult for
the apps to stay competitive and survive in these marketplaces. One of the success
factors in the mobile application market is the functionality of mobile applications.
Identifying the functions of the application is very important for mobile application
developers. In this manner, this study aims to prioritize to the functionalities of mobile
apps. For this purpose, Analytic Hierarchy Process (AHP) is used to assess the use
cases for the development of mobile apps. The results of case study applied in to-do
list apps show that AHP can be used as an efficient tool to determine the importance

of the requirements in mobile apps.

Keywords: Analytic Hierarchy Process, Use case Prioritization, Requirements

Prioritization, Mobile Application, To-Do List Apps.
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AHP KULLANILARAK MOBIL UYGULAMALARIN GELISTIiRILMESI
ICIN KULLANIM DURUMLARINI ONCELIiKLENDIRME:
YAPILACAKLAR LISTESI UYGULAMALARINDA BiR VAKA
CALISMASI

Yildirim, Onur
Yiiksek Lisans, Yazilim Miithendisligi Bolimii
Tez Yoneticisi : Dr. Ogr. Uyesi Serhat PEKER
Ortak Tez Yoneticisi : Prof. Dr. Ali YAZICI

Eyliil 2019, 33 sayfa

Mobil uygulamalarin kullanim yogunlugu, iletisim teknolojilerinin hizli gelisimi ile
baglantili olarak 6nemli 6l¢lide artmistir. Her giin pek ¢ok farkli Yapilacaklar listesi
uygulamasi mobil uygulama pazarlarina yiiklenmektedir. Ancak, uygulamalarin
rekabet¢i kalmasi ve bu pazarlarda hayatta kalmasi ¢cok zordur. Mobil uygulama
pazarmdaki basar1 faktorlerinden biri mobil uygulamalarin islevselligidir.
Uygulamanin islevlerini dogru tanimlamak, mobil uygulama gelistiricileri tarafindan
pazar giiclinii etkiler. Boylece, bu ¢alisma mobil uygulamalarin islevlerine dncelik
vermeyi amaglamaktadir. Bu amacla, mobil uygulamalarin gelistirilmesine yonelik
kullanim durumlarini degerlendirmek i¢in Analitik Hiyerarsi Stireci (AHP) kullanilir.
Yapilacaklar listesi uygulamalarinda uygulanan durum incelemesinin sonuglari,
AHP'nin mobil uygulamalardaki gereksinimlerin dnemini belirlemek i¢in etkili bir

arag olarak kullanilabilecegini gostermektedir.

Anahtar Kelimeler: Analitik Hiyerarsi Siireci, Kullanim Durumlar1 Onceliklendirme,

Gereksinim Onceliklendirme, Mobil Uygulama, Yapilacaklar Listesi Uygulamalari.
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CHAPTER 1

INTRODUCTION

In recent years, smart phones and tablets have been used as an assistant for people’s
daily life. Mobile applications are common and popular for mobile devices, and people
need to use with these applications. There are many applications in the market. People
can easily upload apps to markets like Google Play or Apple App Store and many
applications continue to be uploaded and downloaded daily. Therefore, users will rely
more on mobile applications they use for features such as messaging or purchasing for
applications [1] [2]. Digital markets have evolved into popular platforms for mobile
applications and application developers can develop applications that can reach
millions in numbers [3] [4]. With the rapid rise and development of mobile service
systems in the world in recent years, the desire to find new customers provides a
significant source of income for mobile service providers, mobile network operators,
mobile content and application developers. With the rapid growth in the number of
users, a significant increase in the number of mobile content / implementation
developers is also seen. The mobile application market has become a rapidly growing
power thanks to the intense interest of users to the mobile applications. When the
mobile applications and computer applications are compared, the mobile applications
are rapidly developing, growing and the cost reducing, the ease of application
development and access to rising sector. Understanding the importance of
requirements in practice is often a difficult process. Many applications in terms of

review quality and user comments may show weakness [6].

Even though, many market applications faced difficulties. Developers and companies

are always in competition with each other. It is very difficult to reach considerable

number of users, so many developers and companies going to fail. Customer needs

and satisfaction must be the most important focus when evaluating. In a complex

situation, customer needs are important in making the right decision. The
1



misunderstanding of the requirements may reach out serious consequences on the
development process. In order to take the lead in this race, the companies should
consider these situations and choose the right use cases for the development of
applications to the least damage [7].

The systematic evaluation of the needs and objectives of the stakeholders should be
carried out with appropriate feature selection and feature model customization.
Moreover, user’s satisfaction is very important so quality and cost affect choice of

applications from users.

Therefore, in order to produce high quality mobile apps and to ensure customer
satisfaction, it is necessary to know the needs of customers, define their wishes and try
to do the best to satisfy them. For this purpose, it is very important to determine and
prioritize application requirements by users. In this manner, Analytic Hierarchy
Process (AHP) is a multi-criteria decision-making method by comparing pairwise

factors.



1.1. Purpose of the Study

This study aims to evaluate and prioritize use cases for mobile apps using Analytic
Hierarchy Process (AHP) technique. For this purpose, a case study is conducted in to-

do list apps and results are interpreted.

1.2. Significance of the Study

In this study we implement the use of Analytic Hierarchy Process (AHP) to rank the
importance of use cases in the application of mobile applications. This study provides
insights for researchers by showing that Analytic Hierarchy Process (AHP) is

applicable to prioritize use cases in domain of mobile apps.

1.3. Thesis Organization

The remainder of this study is structured as follows. In Section 2, literature survey is
provided. Section 3 describes methodology and analyses. Also, results carried out for

to-do list app category is presented. Finally, Section 4 presents concluding remark.



CHAPTER 2

LITRERATURE SURVEY

2.1. Requirement Prioritization

Requirement prioritization has many techniques in software engineering field. When
developing software, it is easier to prioritize the requirements, rather than examine
everything as a whole. [9]. One of the oldest software in systematic literature scans
may be requirement prioritization. Previous studies have shown that eight selected
computational requirement prioritization techniques were discussed in an objective
way for compare. In most of the mentioned requirement prioritization techniques, it
has been found that only the small-scale needs cluster is directly related. At the first
stage, it should be decided which requirements are applied and the elements to be
postponed or continued in the next process. Researchers, scientists and academicians
have already used these techniques and they have been able to achieve some results.
In a comprehensive review of the requirement prioritization [10], existing requirement
prioritization techniques and limitations of stakeholders involved in software
development contexts in the system development process determine the future of
requirement prioritization. Based on the developmental stage of the decision-making
process, the rationale for evaluation alone is insufficient. In addition, how the
connection between them is determined in practice affects the decision-making
process. There are many factors associated with complex problems. In the
measurements, the elements are determined by measuring each one by one. In [11],
Simpson's 1/3 rule, Simpson's 3/8 rule, trapezoid rule ... etc. have applied the rules.
With the mini software (digital integration, MSNI) developed to find the software
requirements, the existing techniques are more easily applied based on the value of the
given functions. In [12] developed a systematic mapping method specific to
requirement prioritization software for experimental studies, and when we look at the

basis of the studies, they mentioned that they are doing research to emphasize



requirement prioritization and technical methods of experimental research. The
classification was used to determine the type of the research indicated in [13].
Validation research, classification, evaluation researches, solution proposal
documents, opinion documents, philosophical documents and experiential documents
are seen to be separated. The only difference in this situation is to highlight the
examination documents instead of philosophical documents. A comprehensive review
of the requirement prioritization is the category of review papers. The reason for
choosing this category is the lack of philosophical documents. Dividing papers into
multiple categories can enable the mapping to become operational.

In [14], researchers applied web surveys for eliciting the software requirements. In the
dissemination of requirement prioritization techniques, current analysis of current
studies is applied. For researchers and practitioners, the method of analysis improves
presence. The best analysis of this time has been done and 49 techniques have been
analyzed. The properties and analyses of the conditions of the requirement
prioritization were analyzed. In the software development method, the importance of
requirement prioritization was evaluated, and a new perspective was determined.
Experimental methods for previously unapplied requirement prioritization techniques
and constraints were developed in [10]. The measurement scales were not based on
investigations and restrictions. He argued that there were difficulties with time

consumption, requirements and scaling.

2.2. Use Case Prioritization

Use case and activity diagrams were about a new approach to prioritization. The
researchers developed new approach which functions include creating and prioritizing
a test scenario. In [15] divided the prioritization of use cases into four parts. The first
step has identified actor priority as prioritizing the communication between the actor
and the user. The second step is to calculate the use cases priority from the use cases
diagrams and the highest value use case has the highest priority. The third step is
Customer input to achieve customer priority in case of use and to understand which
use case is more important for the customer. And the last step is to calculate the use

case priority. It is prioritized considering the technical requirements. There are a few
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studies in determining priority of use cases and there are not enough literature review
in this context. In [16] recommends a skeleton for prioritization scenarios and their use
cases. Within the infrastructure of the software development cycle, there are
requirements stages. In this context, business objectives, relations between use cases
and business objectives are subjected to a sample and priorities of use cases are
determined. There are two levels of recommended areas. First, it is used to determine
the importance of use in the model use case scenario and, in some cases, to determine
if it is successful and what effect the system functions have on targets. Second, it
determines the priority in use cases based on measurements such as the total number
of objects in each step of the use cases. [17], in the modelling of use cases, a set of
factors were used to determine the order of priorities in structural modelling and
specific frames were proposed. Systematic functionality based on criticality in sorting
is easy to determine and features such as error tolerance and quality assurance can be
considered. It is first used for critical system levels for use cases and then for lower

case use cases. This process is repeated until a sequential use case is created [18].

In [16] proposed that another use case prioritization method. They suggested
approaches to use case scenarios based on density. In the first instance, a System String
Scheme (SSD) is created in connection with the scenario, followed by a graphical
representation based on the system layout schema, and in the final step, priority is
given to the situation linked to the scenario graph. Each step in the Scenario Graph
represents the use case. In the Scenario Graph, the first depth search is applied to the
tree use case structure. The next step is to assign weight to each use case in relation to
the formulation. It is an easy and efficient approach for Stratified AHP that increases
and organizes expertise and product range of the model. Its main benefits are its
simplicity, practicality, and its ability to accommodate the desired use cases. In
addition, thanks to its simplicity, it is easy and inexpensive to develop the approach.
Stratified AHP proposes a two-dimensional comparison rather than the use case where
the scale is represented by a single value when comparing two samples [19]. In [20],
As a suggestion for software priority approximations, centrism is shown based on the
complexity in case of probability. Approaches can be applied in the first stage for
software requirements. In use case prioritization, analysts and software developers

need to further develop the facts or consider the features that are important to be able
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to benefit from the development of a specific software. In order to determine the order
of priority, the method of measurement for the network node center is applied to
calculate the method of production from feature prioritization and the prioritization to
the software requirements. Validation is determined by applying the three
recommended real model models. In [21], The approach is completely independent of
the analytical and the use case approach and independent of the system analyst's
contribution. In the use case template, it is possible to determine the data by
determining the cost measure for each use case. On the other hand, an enough test
input can be applied to test according to the cost scenario. Moreover, even a single
error in the scenario cost will have a large impact on system reliability in high-scenario
cost measurement. If the design steps of the approach have not been initiated, an early
scenario cost value can be calculated for the software development life cycle.
Therefore, based on scenario cost measurement, use cases such as reducing matches
and increasing compliance status are shown more in order to improve software quality.
They defines the critical components of the system and proposes a better software

method.

2.3.  Analytic Hierarchy Process

Analytic Hierarchy Process is a complex decision-making method involving personal
judgment. The Analytic Hierarchy Process method, which is more accurate and
powerful, has been chosen where the old methods are weak in complex decision
making. It is known that personal judgment and opinions do not find a clear solution
in complex problems. Until recently, it was very difficult to find a solution before the
Analytic Hierarchy Process method in decisive definitions and linguistic differences
[22]. In Analytic Hierarchy Process, problems proceed for a purpose and form a model
that lists the levels of elements that influence the goal. At this stage, the problems are
divided into hierarchy and sub-sections. Thus, it examines each element in more detail.
Analytic Hierarchy Process aims to make judgments about decision-making problems
and to make the best of alternative findings by evaluating them according to
preference, importance and probability order [23]. Analytic Hierarchy Process is used
to determine the information of decision makers, it cannot fully express the traditional

thinking structure [24]. Analytic Hierarchy Process is used to solve multifaceted and
7



layered problems in decision making methods. The level of knowledge and uncertainty
in people's reasoning resembles fuzzy set theory in complex decision-making methods.
The most important contribution of fuzzy set theory is to reveal uncertainty. The
combination of Analytic Hierarchy Process and fuzzy set theory ensures that the multi-
faceted decision-making process is effectively demonstrated [25]. The oldest known
study is the comparison of the fuzzy proportions of [26]. It is the method we always
need for research in decision-making processes. Many Analytic Hierarchy Process
studies have been proposed to calculate weights in the assessment [27] [28] [29]. The
preferred reason for the fuzzy Analytic Hierarchy Process approach is to reveal the
evaluation of decisions that have not been determined. When comparing the traditional
Analytic Hierarchy Process methods, a certain ratio scale is used. The scale, which
carries simplicity and ease of use, cannot define ambiguity with its opinion or
evaluation relationship. Moreover, it is a known fact that evaluations about the
relevance of personal needs do not always yield subjective and precise results. Fuzzy
Analytic Hierarchy Process (FAHP) method was found to be less time consuming and

easier to use than other methods [30].

In [16] prioritize the use cases, they have been conducted a new empirical study of the
use of neuro-fuzzy systems. In this study, Analytic Hierarchy Process is used with
fuzzy models to use case priorities. Prioritization studies quality, usability,
satisfaction, efficiency, availability, price, performance, effectiveness, acceptance,
security ... etc. are the general criteria for prioritization studies. However, prioritization
studies may vary according to the type of research conducted. For example, battery
life for smartphones, display quality or resolution for monitors, academic skills of
academics, and these can be further increased. The issues that are predominantly
selected by the users are weighted up and the less selected subjects are not taken into
consideration [31] [32].

In [9], Analytic Hierarchy Process provided scalability, computational complexity,
ease of use, reliability of results, and limitation of strategies, requirements, and
dependency issues in the business environment by improving existing prioritization
techniques. Analytic Hierarchy Process is a measurement theory that predicts the path
of binary comparisons. The decisions of the experts are used to obtain priority scales

and they measure the intangible assets relatively. Comparisons are a judicial scale,
8



which indicates that one element is more than the one given by [33]. In some cases,
decisions can be inconsistent, Analytic Hierarchy Process is activated to improve
decisions and achieve higher levels of consistency. Some steps are needed to make an
Analytic Hierarchy Process in an organized way. In order to compare, there is a need
for a number scale which shows how dominant and important an element is compared
to the other elements and For the comparison processes, Saaty’s nine-point scale is
employed [34]. The Analytic Hierarchy Process (AHP) has been tested in a variety of
settings to make decisions. When IBM designed the AS 400 computer in 1991, it chose
Analytic Hierarchy Process as a process. IBM has won the prestigious Malcolm
Baldrige Award for Excellence through this work. Bauer published a statement on how
Analytic Hierarchy Process should be compared [23]. Also, AHP has different use
cases and techniques. In [35] applied an even-step method to select requirements from
requirements groups. These applications are shaped according to the scope of the
project to increase the reliability and usability of the result. In [36], “The Institute
Exam System (IES)” has adopted a goal-oriented approach in calculating the costs and
necessity of needs and the effort spent in the process. By using the Analytic Hierarchy
Process, they determined the cost and requirements according to their priority. In [37],
FAHP is the first study to analyze user interfaces in the digital library and in an
evaluation model. Since the user page criteria are personal and focused on the person
and it is judged and integrated with the AHP to make the project where the problems
about the decision-making situation are planned. Researchers work in the process
which need to target user interfaces and improve quality. In digital library interfaces,
FAHP is based on the most important criteria and has high flexibility as well as
practical values. In the judgments composed of different types of human types, a
statistical procedure should be applied by calculating the alternative weights by

calculating the variation between the few individuals [38].

AHP forms the basis of decision-making and is a decision-based decision-making
process by dividing the problem into different sections [39]. The primary
distinguishing features of the AHP are to convert comparisons based on experimental
data to mathematical models with numerical data [40]. The use of AHP in mobile
applications has not been widely used in research and articles. In the AHP approach,

it would be correct to choose the determinative approach if it consists of groups that

9



interact with each other in the selection of the subject. The lack of this situation has
inspired the work of this article. Increasing the use of AHP in this area may lead to
more accurate results. In this article, prioritization studies, use and implementation of

AHP have been studied.
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CHAPTER 3

METHODOLOGY AND ANALYSES

In this study, the main objective is prioritizing the use cases for to-do List mobile
applications. Once mobile applications have been identified and 68 mobile
applications have been selected, the common use cases in all applications have been
selected. The use cases are specific for to-do list and shopping list applications so there
should be features such as create, read, list and delete (CRUD) functions and the

evaluators need to be selected as priority.

The evaluators of this study are 54 undergraduate software engineering students who
were the participants of the requirements engineering course. Also, activation score
was given to increase students’ motivation. The questionnaires were given to this
sample. This sample was selected since they were all knowledgeable about
requirements/use case prioritization and AHP usage in the process. This sample is also
important for the users of mobile apps. In order to ensure that all evaluators have
familiarity with the to-do lists apps, the evaluators were requested to actively use
Any.do, which is one of the popular mobile apps in this category, over a week prior to
data collection. The possible basic and common features of the to-do list applications
were determined and given to the evaluators for evaluation in the questionnaire in
Table 1.

11



Table 1 Use Cases

Use Case ID

Requirement/Functionality

UC1

Create list

uc2

Read/View List with its items

uC3

Update/Rename list

UC4

Delete list (with its items)

uC5

Clear List

ucCé

Add an item to list via keyboard

ucr

Add an item to list via voice

ucCs

Update a list item

uc9

Delete a list item

uC10

Mark a list item as important

UC11

Set a reminder for a list item

UC12

Set all list items as checked/unchecked

UC13

Set a list item as checked/unchecked

ucC14

Move an item from one list to another list

UC15

Share a list

UC16

Share a list item

UC17

Add attachment to a list item

uCi1s8

Add note to a list item

When evaluators finish this process, the data were entered in a MS Excel file which is
template of AHP in Table 1. The consistency check for each questionnaire was found
and then analyzed the results separately. Hence, Consistency Ratio (CR) was used and
then, if the value of evaluators are less than or equal to 0.1, he considered to have
consistent responses [23]. The weights of the use cases were calculated using AHP
method based on the assessments of respondents who passed the consistency test. By
taking the mean of individual evaluator scores, the aggregate values of relative
importance weights were calculated. For use cases, the weights calculated sum up to
1, then they were multiplied by 100 so that their aggregate would be 100. Finally, since

these scores out of 100, the use case prioritization and all interpretations were

performed.
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Figure 1 Comparison Matrix

The questionnaire given to the evaluators was given as scales as in the Figure 1 and
they were asked to evaluate them according to these scales. It requires a scale for the
expression of the reciprocal rating in the pairwise comparison and is consistent with
the main purpose of the prioritization order. We can easily find the significance of all
features between them each other. Therefore, the scale is used to express individual
preferences for comparison [34].
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Table 2 Importance levels for AHP

Fundamental Scale Importance
Extremely less important | 1/9

1/8
Very strongly less 1/7
important

1/6
Strongly less important 1/5

1/4
Moderately less 1/3
important

1/2
Equal important 1

2
Moderately more 3
important

4
Strongly more important | 5

6
Very strongly more 7
important

8
Extremely more 9

important

After the determination of mobile applications features, AHP study of the features in
to-do list applications were completed with the students. In the given document for
students, there are importance level whereas comparing features. The experiment form
has been prepared in Table 2. In addition to this, experiment form has requirements
list, description of study and the blank Pairwise Comparison Matrix is provided for

filling.

The values used in the comparison of each feature are numerical values, which are
"extremely more important” is equal to 9, "equally important" is equal to 1 and
"extremely less important” is equal to 1/9 [41]. This scale converts to a numerical
measure showing the relative importance of comparative substances corresponding to

each judgement.
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3.1  AHP Methodology

We employed four-stage approach to prioritize use cases for to-do List mobile
applications, see Figure 2. Firstly, definition of the use cases for the applications which
is selected by the most regular. Second stage is comparing the use cases with survey.
Third stage is to use Analytic Hierarchy Process (AHP) method for calculating the
importance weights of the use cases and rank them. The last stage is to sum up the total
weights of the use cases.

‘ Define use cases ‘

‘ Compare use cases with survey ‘

‘ Calculate the weights with AHP ‘

‘ Sum the weights of use cases ‘

Figure 2 Stages of Study

Stage 1- Define the use cases for the selected mobile application domain. The most
common functions of to-do lists and shopping list applications are selected. These

features are common in most applications.

Stage 2- Compare the use cases according to the survey. It was necessary to form
pairwise comparison matrices in order to determine the importance of all elements
relative to each other. The matrices were determined by comparing them in pairwise
between the criteria or options of the decision maker. It was decided whether the
structure of the use cases was appropriate for AHP. The definitions were determined

in a specific order of priority. The highest limit in the hierarchy is the main target and
15



the lowest limit was the alternative. In order to better identify the use cases, they must
separate them into components and organize each component in a hierarchical system.
If these elements have features that can affect the main target, different steps can be
added to the hierarchy. For each use case, a structured hierarchy model was established
from the objective, criteria and sub-criteria levels. When creating the hierarchy, it was

assumed that the same level of components was independent of each other.

Stage 3- Calculate the weights with AHP. Once the pairwise comparison matrices are
created and their consistency is determined, the values of the compared use cases are
found. For the calculation of the priority vectors of all use cases, the sum of each row
in the pairwise comparison matrix is calculated and divided by the sum of all rows.
Calculations are made by taking the sum of the evaluations made in the normalization

calculation.

Stage 4- Sum up the weights of use cases. The priority values of the use cases are
summed up and divided together, the use cases are sorted from the highest to the

lowest.

The Analytic Hierarchy Process (AHP) is a multi-layered decision-making method to
solve complex decision-making problems. Sort multiple options are in order of
importance by specific criteria. AHP was established in a systematic structure where
decision makers could be involved. AHP, it was revealed in 1974 by Saaty [34].
Criteria that can be evaluated are quantitative and qualitative, but also a decision-

making method that includes humanitarian judgment and criticism.

Based on alternative benchmarks, the AHP offers problems in a hierarchical structure
at multiple levels. A classifier structure is used to determine the purpose, criteria, and
options of the problem [23]. AHP helps the decision maker to solve multi-criteria and
layered decision problems. As an evaluation criterion, AHP is determined as an
alternative option to choose the right decision. In some cases, there are contradictions
in the criteria, so it is not the most appropriate of the right choice. AHP forms a weight
in comparison to the criteria of the decision-maker in the options it evaluates. For fixed
options, points are awarded based on the comparison of the options based on the

criteria of the decision makers. The higher the number of points, the better the

16



performance of the option. The sum of the criteria weights and the points of the score

are determined by an overall score system for each option.

AHP is one of the most common decision-making methods used for complex systems
[42]. The comparison results applied in this method are defined from 1 to 9 for each
pair of factors. The higher number of comparisons are compared with other factors.
For the calculation of the weights of the options, the sum of each number column in
matrix A is taken and divided. The relative weight of each option is then the average
for each line.

The relative significance weight is calculated by taking the average of the Eigen vector.
Eigen vectors are those vectors when a linear transformation (AHP comparison matrix)
is performed on them then their direction do not change. The sum of all points of the
priority vector is equal to 1. The consistency index (CI) is used to calculate the degree

of consistency [43].
Cl=Opax—m) / (n—1)

The number of criteria is expressed in n. In the X max is equal to the eigenvalue of
matrix A. After making binary comparison matrices, weight vectors are calculated
first. One of the important point is to determine the suitability of the desired direction.
Formulation calculations are carried out to determine the eigenvectors of the matrices
with the largest eigenvalues. Therefore, priority and order of eigenvalues and
eigenvectors are determined. The greatest eigenvalue of matrix A is consistent with
J_max being equal to n [23]. The highest eigenvalue 3 _max is calculated as shown
below [44].




In the formula, "c" represents the pairwise comparison matrix, and "v" represents the
matrix vector. " Cl " is the consistency index value. When this value is obtained, it can
be calculated by dividing by " Rl " the random index in Table 3 [45].

Table 3 Values of RI
n |1 2 3 4 5 6 7 8 9

IR |0 0 058 |09 |1,12 |124 |132 |141 |1,45

n |10 11 12 13 14 15 16 17 18

IR 11,49 |151 (154 |156 |157 |[158 |159 |16 |1,61

g
" RI

CR
Values of up to 10% are taken for acceptance of the consistency rate. If these values
exceed 10 (C.R> 0.10), inconsistency is detected. It must be checked again until it is
10% or less [44].

3.2.  AHP Implementation

One of the most practical ways of using the AHP method is to divide complex
problems into simple components. A large number of the use cases make the decision-
making process very complex. When problems are divided in the process, the solution
is approached more easily. In this case, the problem is divided by the pairwise
comparison method. Furthermore, it is not possible to ensure the relative weight of the
relative weights if no pairwise comparison is made. It is used to obtain the pairwise
comparison decision matrix for calculating the weights of each criteria received and

ranks them among themselves.

54 software engineering undergraduate students participated in the study and 41 of
them had CR scores less than 15% and 34 of them were less than 10%. Criteria were

compared until the consistency degree of the decision matrix was confirmed.
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U U U u u u U U U uc uc uc uc uc uc uc uc uc
Cl | C2|C3|C4|C5)|C6 | CT |cCB8 | C9 10 11 12 13 14 15 16 17 18

uc

1 3 1 1 3 3 9 1 1 2 1 5 3 9 9 9 5 2
uc

2 1/3 13 | 113 1 1 3 13 | 13 1/2 1/3 2 1 3 3 3 2 1/2
uc

3 1 3 1 3 3 9 1 1 2 1 5 3 9 9 9 5 2
uc

4 1 8 1 3 3 9 1 1 2 1 5 3 9 9 9 5 2
uc

5 1/3 1 13 | 13 1 3 1/3 | 13 1/2 1/3 2 1 3 3 3 2 1/2
uc

6 1/3 1 13 | 13 1 3 13 | 13 1/2 1/3 2 1 3 3 3 2 1/2
uc

7 19 | /3 | 1/9 | 1/9 | 113 | 13 19 | 19 1/5 1/9 1/2 1/3 1 1 1 1/2 1/5
uc

8 1 3 1 1 3 3 9 1 2 1 5 3 9 9 9 5 2
uc

9 1 3 1 1 3 3 9 1 2 1 5 3 9 9 9 5 2
uc

10 12 2 12 | 172 2 2 5 12 | 12 1/2 3 2 5 5 5 3 1
uc

11 1 3 1 1 3 3 9 1 1 2 5 3 9 9 9 5 2
uc

12 15 | 12 | 15 | 15 | 12 | 12 2 1/5 | 15 1/3 1/5 1/2 2 2 2 1 1/3
uc

13 1/3 1 13 | 13 1 1 3 13 | 13 1/2 1/3 2 3 3 3 2 1/2
uc

14 19 | /3 | 1/9 | 1/9 | 113 | 113 1 19 | 19 1/5 1/9 1/2 1/3 1 1 1/2 1/5
uc

15 19 | /3 | 1/9 | 1/9 | 113 | 1/3 1 19 | 19 1/5 1/9 1/2 1/3 1 1 1/2 1/5
uc

16 19 | /3 | 1/9 | 1/9 | 113 | 1/3 1 19 | 1/9 1/5 1/9 1/2 1/3 1 1 1/2 1/5
uc

17 15 | 12 | 15 | 15 | 12 | 12 2 1/5 | 1/5 1/3 1/5 1 1/2 2 2 2 1/3
uc

18 12 2 12 | 12 2 2 5 12 | 12 1 1/2 3 2 5 5 5 3

Figure 3 Decision Matrix of an Evaluator

Each column obtained was collected and then the values were divided by the column

sum to obtain the decision matrix like Figure 3. The relative weight of each section

was equal to the sum of the sequence values. The matrix eigenvector was multiplied

by the relative weights of each layer and the decision matrix and the results were

collected and calculated.
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Table 4 Weights of an Evaluator and the Results of Consistency

# of UC | Weights

h) 18,04674

max

Cl 0,002749

RI 1,61 12

CR 0,0017077 14

17 2,10%
18 6,00%

According to this information, the inputs of the evaluators are listed. The AHP method
was applied to determine the paired comparison matrix and relative weights. The CI
decision of the first evaluator was 0.002749, the CR value was 0.0017077 and the RI
value was 1.61 as show Table 4. This matrix was found to be consistent in the light of

results.
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Figure 4 Decision Matrix of an Evaluator
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Table 5 Weights of Evaluator and the Results of Consistency

#of UC Weights
1 17,60%
2 12,80%
3 12,80%
4 9,10%
5 9,10%
6 6,50%
7 6,50%
dae | 1964828 . T
cl 0,096958 9 4.60%
10 3,30%
RI 1,61 11 2,00%
12 1,80%
CR | 00602221 3 YT
14 1,90%
15 1,60%
16 1,60%
17 1,10%
18 1,00%

According to the results in Figure 4, the CI decision of the evaluator Il was 0.096958,
the CR value was 0.0602221 and the RI value was 1.61 as show Table 5. This matrix

was found to be consistent in the light of results.
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uc uc uc uc uc uc uc uc uc uc1 uc1 uc1 uc1 uc1 uc1 uc1 uc1 uc1
1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8
1 4 5 5 4 6 7 4 4 5 6 5 4 7 8 9 6 7
uc1
14 1 3 3 2 5 4 2 2 3 4 3 1 5 6 7 4 5
uc2
1/5 13 1 1 12 4 3 12 12 3 4 2 2 4 6 7 4 5
ucs3
1/5 13 1 1 3 5 4 12 13 2 3 3 1/3 4 5 6 3 4
UcC4
14 12 2 13 1 3 2 13 14 13 12 1/3 1/3 3 4 5 2 3
ucs
1/6 1/5 14 1/5 13 1 12 14 1/5 12 2 12 1/3 3 4 5 3 2
uce
U7 14 13 14 12 2 1 13 14 12 13 12 14 2 3 4 12 1
ucr
14 12 2 2 3 4 3 1 1 3 4 3 2 5 6 7 4 5
ucs
14 12 2 3 4 5 4 1 1 2 3 2 1 4 5 6 4 5
uc9o
uc1 1/5 13 13 12 3 2 2 13 12 1 3 2 12 4 5 6 3 4
0
uc1 1/6 14 14 13 2 12 3 1/4 13 1/3 1 12 1/3 2 3 4 1 2
1
uc1 1/5 13 12 13 3 2 2 13 12 12 2 1 12 3 4 5 2 3
2
uc1 14 1 12 3 3 3 4 12 1 2 3 2 1 4 5 6 3 4
3
uc1 U7 1/5 14 1/4 13 13 12 1/5 1/4 1/4 12 1/3 1/4 1 2 3 12 1
4
uc1 1/8 1/6 1/6 1/5 1/4 1/4 13 1/6 1/5 1/5 13 1/4 1/5 12 1 2 1/3 12
5
ucl 1/9 17 17 1/6 1/5 1/5 14 17 1/6 1/6 14 1/5 1/6 13 12 1 1/4 13
6
ucl 1/6 1/4 1/4 13 12 13 2 14 14 13 a 12 13 2 3 4 1 12
7
ucl 17 1/5 1/5 1/4 13 12 1 1/5 1/5 14 12 13 14 i 2 3 2 i
8

Figure 5 Decision Matrix of an Evaluator
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Table 6 Weights of Evaluator 111 and the Results of Consistency

#of UC Weights
1 20,00%
2 10,50%
3 7,20%
4 6,60%
5 4,20%
6 3,00%
7 2,40%
3 20,076535 8 9,10%
max ’ 9 8,60%
Cl 0,122149 10 5,30%
11 3,00%
RI 1,61 12 4,40%
13 7,50%
CR 0,075869
14 1,70%
15 1,20%
16 0,90%
17 2,40%
18 1,90%

Finally, the calculated values of the third evaluator in Figure 5 are: Cl value
0.1252149, CR value 0.075869 and RI value 1.61. It was observed as an acceptable
matrix, see Table 6.

3.3.  Prioritization of Use Cases in Mobile Apps

After performing the analysis of the received questionnaires for Any.Do application,

AHP weights and the priority rankings are presented.
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Table 7 AHP Weights Results

ID AHP Weights (%) | Rank
UC1l | 15,80% 1
uC2 | 10,50% 2
UC3 | 7,70% 5
UC4 | 8,10% 3
UC5 |6,90% 6
UucC6 | 7,90% 4
UC7 |5,20% 9
UC8 | 6,40% 7
UC9 |6,10% 8
UC10 | 3,80% 11
UC11 | 4,00% 10
UC12 | 3,00% 13
UC13 | 3,30% 12
UC14 | 2,80% 14
UC15 | 1,90% 17
UC16 | 1,80% 18
UC17 | 2,20% 16
UC18 | 2,60% 15

As shown in the Table 7, “Create list” is the most important use case accounting for
almost 16% of the total weights followed by “Read/View List with its items” and
“Delete list (with its items)” use cases. These use cases are fundamentals of to-do list
applications and are considered to be the most important by evaluators. Thus, those
use cases should be given priority when building an effective to-do list app. On the
other hand, the responders evaluated “Add attachment” and “Share a list item” use

cases as the least important ones for to-do list apps.
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AHP Weights (%)
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Figure 6 Use Cases Prioritization Chart

According to the answers of the evaluators, all use cases are compared with the others
and their values are shown that basic use cases are more important than the others.
Also, other features should also not be ignored to attract the user to the application.

As shown in Figure 6, the calculation of AHP method is consistent with the
comparison matrices of all double criteria. This is because the consistency ratio (CR)
of each matrix is less than 10% [46]. Figure 6 shows the weights of use cases. “Create
List” has the most important weight of 15,80%. “Read/View List with its items” is
10.50% and “Update/Rename List” is 7.70%. “Delete List (with its items)” takes the
value of 8,10% while “Clear List” is 6,90%. In the least important use cases, “Share a
list item” 1s 1.80%. Another less significant value is “Move an item from one list to
another list” 1.90%. This review can be improved by increasing the number of
applications and the number of applications for the importance and order of use cases.
Figure 6 shows the strong and weak levels of use cases. These results can be developed
in the future of productivity applications based on the values of these use cases.

Moreover, comparisons can be made by comparing the results with each other.
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CHAPTER 4

CONCLUSION

In this study, prioritization of the use of to-do list applications was done by applying
AHP method. A systematic method for use case prioritization using AHP was
presented. For this reason, 18 use cases are determined, these use cases are the most
common in to-do list applications. In these applications, the result indicates that the
evaluators view use cases regarding managing lists (e.g. “Create list”, “Read/View List
with its items”, “Delete list”) as the most important ones. The first four use cases,
which we have been prioritized with AHP methodology, have been found to be
successful in the applications with the most interest and the first examples of to-do list
applications in Google Play Store. Application developers should consider the
observed criteria. The most important issues to be considered when making to-do list
applications and application development should be highlighted in these features.
These use cases are the common features of the most popular applications. On the
other hand, they assess the use cases related to sharing such as “Share list” and “Share
a list item” as the least important ones for to-do list apps. These are the lowest ratings
available on the Google Play Store. These results can be useful to practitioners to
understand how to make the mobile apps fulfilling users’ wants, and preferences. This
study also provides insights for researchers by showing that AHP is applicable to
prioritize use cases in domain of mobile apps. In this study, the consistency of each
responder is checked. Consistency Ratio (CR) was used for this purpose, and if its
value is less than or equal to %10 for an evaluator, the responses are considered
consistent. The weights of the use cases are calculated based on the evaluations of

responders passing the consistency check by using AHP method.

Although the AHP method proved to be applicable to prioritize and select the use cases
in the mobile app development. Threads to validity problems are that it suffers from

the scalability problem which is due to more of use cases and the use of less use cases
27



is generally more accurate when AHP method is applied, and more comparisons are
needed when the number of requirements increases. Further, the approach was only
applied in to-do list apps, but it is essential to apply it in different mobile app categories
to ascertain its generalizability. Therefore, future research could replicate this study in

the development of different mobile app categories.
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