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Abstract—Impressive evolution of technology increased the
usage frequency of smart mobile phones, and hence abundance in
the quantity of available mobile applications has emerged as the
vital problem of inventing practical and efficient ways for
selecting suitable mobile applications for the desired use. Today,
there are almost three million apps only at the Google Play store.
Therefore, the need for an automated, effective, and less time-
consuming approach towards suitable mobile application
selection to choose the best alternative has gained more
significance than ever. Despite the sudden growth in mobile
learning applications, there exists a dearth of research in the
effective way of selecting a suitable mobile application in that
respect particularly in relation to mobile apps for Mathematics.
Moreover, using multi-criteria decision-making methods
(MCDM) is only recently applied in rare studies for that purpose.
This paper focused on ISO/IEC 25010 software quality standards
in selecting mobile Mathematics learning applications. Six highly
rated applications were evaluated by two experts. This paper
aims to apply the fuzzy Technique for Order Preference by
Similarity to Ideal Solution (TOPSIS) to retrieve the best
alternative among present applications. The results showed an
objective and flexible assessment for ranking to eliminate
ambiguity in decision-making. Results also identified significant
features thus rendering a useful and valuable tool for decision-
makers. The study assists users, teachers/instructors, students in
their decision-making processes regarding finding the most
suitable application for Mathematics.

Keywords—Fuzzy TOPSIS; ISO/IEC 25010 standards;
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I.  INTRODUCTION

The number of mobile applications developed each year is
growing exponentially. This increase is highly noticeable in
the area of digital learning objects [1]. These developments
are justifiable by ideas given by [2] which contend that new,
better, and effective learning platforms are needed to facilitate
learning. It is also clearly seen that developments in mobile
learning applications are concurrent with educational
developments. In such regard, one can contend that ideas in
[3] expressed gratitude to the development of mobile
mathematics learning applications. This stems from their
contribution towards learning algebra, statistics, geometry,
mathematical analysis, and other calculations. The authors of
the study in [4] also established that mobile learning
applications have made it easy to harness meta-cognitive
abilities and represent thoughts in a better way. Researchers in
[5] posts that mobile learning applications are essential in
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dealing with matters that involve a lot of problem-solving and
critical thinking. These contributions made by using mobile
learning applications are numerous and some are continuing to
be discovered with time. This is one of the major reasons why
it is important to conduct studies related to the use of mobile
learning applications especially in the field of mathematics.

Meanwhile, there exist different ways which can be used
to determine the quality of mobile learning applications as
well as their contributions towards improving user experience.
These standards include 1SO-25010, 1SO-9126, and FURPS
(Functionality, Usability, Reliability, Performance and
Supportability). They primarily focus on the software quality
aspects of the mobile learning applications [6], [7]. But most
of the existing studies that evaluate the quality of mobile
learning applications highly focus on technical aspects.

High-quality and improved user experience is not
guaranteed by the availability of numerous alternative mobile
learning applications for mathematics. The outcome of
numerous researches shows that some of the existing mobile
learning applications have not contributed much to learning
[8], [9]. This is highly true with regards to observations which
exhibit that quite a number of mobile learning applications for
mathematics have high ratings which do not match their
contributions towards improving learning [10].

The study conducted [6] strongly argues that some users
prefer not to use mobile Mathematics learning applications
(MMLAS). The primary reason is that they are not easy to use.
Another reason was given by [3] which contend that several
MMLAs involve a lot of manual selection. This is critical
because it increases the time users spend before starting to
have final access to the application. Matters are worsened by
the fact that there is a lot of dissatisfaction surrounding the use
of MMLAs. This is attributed to ideas which contend that
MMLAs are not much different from traditional mathematics
learning methods [6], [9]. That is, they are of low quality and
do not contribute much towards improving user satisfaction.

As a result, it can thus be seen that there is a huge need to
develop and select high-quality, user-friendly, and user-
enhancing experience MMLAs. Another challenge posed is
that this topic is a new and emerging one in the study of
MMLAs. Hence, more work is needed to study how
mathematics learning quality and user experience can be
improved notably by using multi-criteria decision-making
methods. These techniques can guarantee a high level of
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success in quality evaluation [11]. For this purpose, this study
thus seeks to use a fuzzy TOPSIS method to select high-
quality and user-enhancing experiences of mobile learning
applications for mathematics.

The main objective of this study is to use the fuzzy
TOPSIS approach to select high-quality and user-enhancing
experiences of mobile learning applications for mathematics.
This study also seeks to identify problems that are
undermining the use of MMLASs and offer solutions to deal
with such challenges.

The study aids in enhancing the use and effectiveness of
MMLAs. The outcomes of the study are believed to improve
learning across all platforms by addressing significant
challenges affecting the use of MMLAs. This study also
provides standards in relation to 1SO practices upon which the
quality and usability of MMLAs can be determined.
Moreover, it plays an important role to the study of mobile
applications through the use of Fuzzy TOPSIS.

That is, it contributes towards improving existing
empirical frameworks on Fuzzy TOPSIS. This technique is
otherwise known as the Fuzzy TOPSIS approach and came
into existence as a result of efforts to provide a framework for
choosing the ideal alternative [12]. The decision is made based
on the most and closest distance between the negative ideal
solution and the positive ideal solution [13].

The rest of the paper is organized as follows: The literature
review is discussed in Section Il. The decision-making
approach for evaluation is described in Section Il with the
introduction of sample mobile learning applications. The
fourth section is dedicated to the findings and the subsequent
discussion. The conclusion is discussed in Section V.

Il. RELATED WORK

There are circumstances that require a lot of decisions to
be made simultaneously. These decisions are most times
conflicting and require an objective criterion to help make the
best and relevant decision. This leads to Multi-Criteria
Decision Making (MCDM). MCDM primarily includes a
combination of expert views and the use of historical data to
make decisions [14]. It thus quantifies subjective judgments
and implies that the best MLAM must be part of MCDM.
MCDM is composed of a number of approaches which
include: VIKOR, TOPSIS, ELECTRE, PROMOTHEE, and
Analytic Hierarchy Process (AHP). The key to making the
right decision is to examine the weight of the choices which
vary in relation to their relative values. Hence, the challenges
of subjectivity and imprecision are bound to be encountered in
any MCDM activity. MCDM applies in a lot of circumstances
and areas. In Mathematics, the MCDM can be related to
quality, usability, costs, convenience, reliability, accuracy and
dependability, accessibility, etc. For students to highly benefit
from the use of MMLAS, these MCDM aspects are essential
and must be prioritized.

The growth and advancement in technological accessibility
and digital globalization over the past two decades have
greatly impacted learning. This has opened more opportunities
for learning by removing physical limitations. Hence, learning
is becoming increasingly mobile [15]. In general terms, a

Vol. 13, No. 2, 2022

mobile application is any software application that permits the
user to undertake certain tasks through the use of a mobile
(handheld or wireless) device such as tablets, smartphones.
This promotes accessibility at any point in time in respect to
the usual assigned position or location.

Using MLAs on handheld and wireless devices help
promote collaboration and individualization of the learning
process as hinted by [16]. This, therefore, means that students
can learn at their own convenience and pace. The importance
of this is heightened by the fact that learning is not hampered
when students do not have physical access to classroom
materials or desktop computers.

According to [17], mobile learning (m-learning) and
electronic learning (e-learning) are greatly influenced by the
existence of mobile learning devices (MLDs). Hence the
absence of MLDs can hamper both m-learning and e-learning.
This is further seen by insights provided by [18]. These
insights established that the lack of MLDs hindered the
growth, development, and use of mobile.

WELCOME (Wireless E-Learning and Communication
Environment) was used by [19] as part of m-learning
strategies to examine students’ experience and performance.
The results showed that m-learning is a desirable and essential
feature for contemporary education. It further established that
m-learning enhances the experience and effectiveness of
students. This was further improved with the integration of
WAP (Wireless Access Protocols).

Other researchers such as in [20] have focused on the
integration of m-learning with SMS technology in universities.
The study involved the use of whiteboards. In this study,
students asked questions, took part in classroom discussions,
and provided feedback. This feature greatly showed the need
for proper categorization of students into the entire learning
process by time, receiver, sender, etc. Such can also be
extended to the examination of MMLAs. The most interesting
development was by [17] and it involved the development of a
tutoring system that allows users to access it using handheld
and wireless devices. Such a system captured student
performance, records and included an assessment platform. In
addition, this has been a solid platform upon which MMLAs
and other learning applications have been developed.

From all these insights, deductions can be made that
mobile learning is an innovative approach to learning. This
inference stems from the numerous benefits that users or
learners are bound to get from using them. Mobile learning
applications can thus be said to enhance convenience,
accessibility, speed, interaction, collaboration activities in
learning.

However, this relies on quite a several factors such as the
availability of internet access and mobile devices. Also,
researchers in [20] established that lack of quality can hinder
the use of MLAs. Researchers in [19] noted the need to
enhance user satisfaction as another key aspect to enhancing
the use of MLAs. These issues are the driving motivation for
this study to identify the high quality MMLAS using the Fuzzy
TOPSIS approach.
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The integration of MLAs in mathematics is a great
innovative move that works towards improving learners’
knowledge and understanding of mathematical aspects.
Researcher in [21] posits that the use of MMLASs enhances
learners’ chances of being successful or performing better in
mathematics. As such, the whole process of learning
mathematics can be casual and unconstrained as users can use
any MLDs such as cell phones and tablets.

It was highlighted that MMLAs tend to deal with
arithmetic problems faced by learners [3]. This is because
MMLAs are designed to suit any individual irrespective of his
or her mathematical abilities and most of the modules
provided start from elementary aspects or basics of any
mathematics subject. Hence, MMLAs can be considered to
deal with deeper mathematical issues such as numerical
programming, critical thinking, geometrical constriction,
charts representation, etc.

Authors in [22] used Maths4Mobile to look at the use and
importance of arranged and social learning angles in learning
mathematics. Their results provided support of the additional
benefits obtained from using MMLAS over traditional learning
methods. The cited reasons pointed towards increased
coordination and engagement amongst the students.

A study that examined the situational learning
environment involved the use of Nokia mobile phones to learn
Mathematics [23]. Findings showed that the use of mobile
phones greatly encouraged students to participate in learning
mathematics. In addition, more students were observed to
have greatly improved in their academic performance with
regards to mathematics. Recommendations were made that the
use of mobile phones encourage unaided learning and hence
using MMLASs can play the same role too.

The use of MMLAs attracted and continues to attract the
attention of major and reputable bodies which are in support
of their use. For instance, the U.S. National Council of
Teachers of Mathematics in 2008 encouraged educational
institutions to allow students’ access to MLAs. Such
developments were said to foster speed, creativity, and
innovation in learning’.

The authors of the study in [24] gave different arguments
concerning the use of MMLAs citing that they can also
obstruct the learning process. This is considerably true as
students can shift focus towards non-educational activities on
mobile applications [25]. Despite the occurrence of these
problems, it is still being advocated that MMLAs play an
important role in mathematics [26]. Hence, we can expect
such a notion to play an important role in learning
mathematics as innovative developments continue to take
place in the foreseeable future.

It is worthy to note that user satisfaction and quality
enhancement are also important aspects to look at when
examining both the importance and drawbacks of using
MLAs. For instance, the use of MLAs does not guarantee user
satisfaction. Such can be seen in reviews that are given by
users who sometimes complain of using the MLAs. Hence, the
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number of users using the MLAs is often a good indicator of
determining if such MLA is good or bad and if it has problems
or not. Ratings are also another strategy that can be used to
examine the existence of drawbacks. That is, higher ratings
such as 4.5 and 5 or possibly more offer an indication that the
MLA has little or no problems affecting it.

Though MMLAs learning applications have a lot of
benefits that users can obtain from using them, they are still
prone to suffer or pose numerous drawbacks. For instance,
researchers in [6] established that most MLAs always fail to
live up to expectations.

The reason is that they fail to serve the intended purpose.
That is, not all MMLAs offer the desired mathematics learning
materials and some materials are relatively few and
inaccessible.

Meanwhile, applications are themselves part of the full
composition of what is termed software and hence any
problem that is surrounded by the use of software can affect
the use of MLAs. For instance, software crush problems can
make MLAs inaccessible and this can happen most when
users are in great need of the application. Most of them require
constant updates and may not work with certain mobile
devices. For instance, certain MLAs are restricted to 10S
while other work only on Android and Windows operating
systems.

From all these drawbacks, the development of high quality
and user enhancing MLAs has to consider all these challenges.
As a result, an assumption can be made that mobile
applications that have higher ratings such as 4.5 and 5 or
possibly more and a high number of users, offer an indication
that the MLA has little or no problems affecting it. However,
multiple MLAs might have high ratings despite their flaws. To
minimize this ambiguity, multi-criteria decision-making
methods were offered.

Researchers examined the use of fuzzy TOPSIS and FAHP
in addressing user satisfaction and quality issues involved in
using MMLAs [6]. The study focused on 5 MMLAs with
higher user ratings of 5 available on Google Play Store. The
findings revealed that the best and less time-consuming
MMLAs can be selected by using Fuzzy TOPSIS and FAHP.

Fuzzy TOPSIS approach is better when used to rank the
decisions while the FAHP works better in assigning weights
[27]. This entails that the Fuzzy TOPSIS approach works
more efficiently in ranking the best MMLAsS.

The study also used the Fuzzy TOPSIS and FAHP to
analyze the food industry’s product life cycles in Iran [28].
That study used MCDM methods to demonstrate that the best
cycle can be obtained with little or no effort. The FAHP was
noted to offer the best decision without using a lot of effort.
But the given recommendations pointed out that the Fuzzy
TOPSIS methods can offer better results when used in a
different context such as mobile apps.

Some studies advocate the combined use of Fuzzy TOPSIS
and FAHP methods [29]. But it was highlighted that this is
also conditional on the need to either assign weights or
ultimately rank the judgments. With little focus being given on
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the use of the Fuzzy TOPSIS approach to rank MMLAs, this
study, therefore, deems the use of the Fuzzy TOPSIS approach
is best suitable to developing a web application for ranking
MMLAs.

Researchers in [30] used the fuzzy TOPSIS to assess 34
systems to locate the most adequate business intelligence for
enterprise systems. This involved the computation of
evaluation scores and the assigning of ranks to the systems.
This approach was justified in its use citing that it allows
selection, assessment, and purchasing. The findings were in
line with this proposition and considerations can be made that
the same can be made with regards to MMLAs, whereas the
focus was primarily on quality and user-enhancing aspects of
the MMLAs.

A study analyzed the use of the Fuzzy TOPSIS and AHP
approaches to assign weights and rank alternatives
respectively [31]. The results showed that both approaches are
viable in dealing with MCDM issues. Hence, the same
expectations can be individually made with regards to the
Fuzzy TOPSIS approach.

MMLAs are an innovative approach and their integration
in education offers a widespread number of benefits. Such
benefits tend to be more when weighed against traditional
learning methods. One can thus contend that aspects relating
to convenience, easy access, mobility and time are major
beneficial attributes of using MMLAs. However, there are also
a series of problems that can undermine the use of MMLAS.
These problems relate to the purpose over actual results,
quality, reliability, user satisfaction, software, costs, and
accessibility (internet access) aspects of MMLAs. Any
challenge pertaining to these aspects can hinder the use of
MMLAs. The notable idea is that the use of the Fuzzy
TOPSIS which is deemed to be an optimal, viable solution to
select high-quality MLAs.

In this study, the application of the Fuzzy TOPSIS
approach can be based on determining the best MLAM which
is either reliable, fast, easy to use, of high quality, cheaper,
covers a lot of topics, etc. However, all these elements can be
embodied under user experience, and hence choosing the best
and high-quality MLAM that enhances user experience.

Well-known research issues have been shown to support
the need for increased development of quality and user
satisfaction models. These researches have also revealed that
existing MLAs have not greatly impacted learning. Numerous
observations which expose a mismatch between MLAMs user
ratings and their contributions to improving the learning
experience have further reinforced this. The quality of
MLAMs has also been confirmed to be below par in most
scenarios. There is a need for quality standards for the proper
evaluation of mobile Mathematics learning applications.

For this purpose, ISO/IEC 25010 was established in 2011.
It is a product quality standard that provides a platform where
developers can evaluate and choose the software properties
they wish to focus on. ISO 25010 considers the best software
as that which can meet at least eight of the stated quality
features.
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e Functional suitability: This ensures that the laid down
criteria are always met by the developed MMLAs. Sub-
characteristics such as functional completeness,
correctness, and appropriateness must also be met.
Hence, for the MMLAs to function properly they must
meet all the laid down objectives. The objectives and
tasks include assigning the needed results in the proper
way and with high precision. This ensures that
objectives are met and tasks completed.

To extent which a product or system offers the right
functionality is satisfied by some given sub-characteristics
under certain conditions. These sub-characteristics must show
the following:

e Functional completeness: All user objectives and
specified tasks must have a degree of functionality to be
satisfied. This is called functional completeness.

e Functional correctness: The product or system must also
provide the right results at a high degree of correctness.

e Functional appropriateness: Specified tasks and
objectives must be facilitated and accomplished to a
high degree.

e Performance efficiency: The developed software or
application is required to work efficiently at a rate that
does not involve the consumption of many resources.
This can be achieved by using a few and limited kinds
of resources when functioning. To be efficient, it must
provide a high degree of result at a minimum time —
that is, it should not take a long time to complete the
required task. Researcher in [32] has shown that an
application’s efficiency is shown by its ability to meet
required tasks at its maximum limits. This can also be
gauged by considering the performance in comparison
to the number of resources under the given conditions.
Performance efficiency includes:

e Time behavior: While executing its task to comply
requirements, a system time behavior is measured by
the extent to which the reaction and processing are put
in it.

e Resource utilization: While performing, it is measured
by the extent to which amounts and types of resources
are put into it.

e Capacity: It refers to extent which a system’s maximum
limits align with the given requirements.

e Compatibility: It is the degree which a system can
deliver information while performing its required
functions under shared conditions with other systems.
This feature includes:

e Co-existence: Sharing a same environment and
resources with other products can cause harm to a
product and prevent it from performing as intended.
The degree to which it can prevent this is called co-
existence.
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Interoperability: The use and exchange of information
between two or more systems are possible. The degree
to which they can do this is called interoperability.

Usability: This refers to how well a system may be
utilized by specific people to achieve specific
objectives. To do this it must be effective, efficient, and
satisfy the specified task. The usability includes:

Appropriateness recognizability: Users must see if their
system  meets their needs.  Appropriateness
recognizability is the measure of how well this can be
performed.

Learnability: This refers to the extent to which a system
may be used by a specific group of people. It signifies
that the user uses the system to attain certain learning
objectives. It provides effectiveness, efficiency, risk-
free operation, and satisfaction in a certain usage
environment.

Operability: This refers to how well a system is
designed to be simple to use, operate, and navigate.

User error protection: This refers to how well a product
or system protects users from making mistakes.

User interface aesthetics: This is the extent to which a
user interface allows for satisfying and enjoyable
engagement.

Accessibility: This refers to a product's or system's
ability to be utilized by people with a wide range of
features and abilities. It assists users in achieving a
certain goal in a specific setting.

Reliability: A system is considered reliable if it
performs specified functions to a certain degree under
given conditions for a specified period of time.
Reliability includes:

Maturity: This is the degree to which a system satisfies
reliability requirements under regular operation.

Availability: This is the degree to which a system is
operational and available for a certain task when it is
required.

Fault tolerance: This is the degree to which a system
can work even if it has defects in its hardware or
software.

Recoverability: In the event of an interruption or failure,
this is the degree to which a system recovers the data
directly damaged. It also brings the system back to its
original state.

Security: A system's information and data must be
properly protected in order for other systems to have the
right level of data access for their types and levels of
authorization. This is called security. Security includes:

Confidentiality: This is the degree to which a system's
data is exclusively available to those who have been
granted access.
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Integrity: Unauthorized users should not be able to
access or modify a system's programs or data, thus it
must be able to identify and prohibit them.

Non-repudiation: This is the degree to which a system's
actions or occurrences may be verified to have
occurred. This eliminates the possibility of future
repudiation for the events or actions.

Accountability: This is the degree to which a system'’s
actions may be traced back to another entity.

Authenticity: This is the degree to which a subject's or
resource's identification may be proven to be the one
asserted.

Maintainability: This shows how effective and efficient
a system is. This is done in order to improve, fix, or
adapt it to diverse environmental and other constraints.
Maintainability includes:

Modularity: This indicates how many separate
components make up a system. When one component is
changed, the effect on the other components is modest.

Reusability: This is the extent to which an asset can be
used in a variety of different assets. It can also be used
to construct or create new items.

Analyzability: There are times when one or more pieces
of a system or product need to be changed. This is done
to figure out what's wrong with the parts or what's
causing them to fail. It can also be used to locate pieces
that need to be fixed or modified. Analyzability refers
to the degree of efficacy and efficiency with which
something can be accomplished.

Modifiability: The capacity of a system to be modified
correctly without adding errors or degrading its existing
quality is referred to as modifiability.

Testability: This is the effectiveness and efficiency of a
system that is used to set test criteria. It also refers to
the extent to which tests can be performed to see if the
requirements have been met.

Portability: This refers to how easily a system, product,
or component may be moved from one piece of
hardware or software to another. It also demonstrates
how quickly it may be moved from one operational or
application setting to another. Portability includes:

Adaptability: This refers to how well a system can be
converted to new or changed hardware, software, or
other operational or usage settings successfully and
efficiently.

Installability: This is the level of efficacy and
efficiency with which a system can be successfully
installed and/or uninstalled in a given environment.

Replaceability: This is the degree to which one software
can be replaced by another for the same purpose in the
same environment or setting.
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e Flexibility: It is the ability of the software to adapt itself
easily to different user/system related requirements.

e Effectiveness: It is defined as the degree to which
software performs tasks properly.

As the reviewed relevant studies have implied that despite
the rapid expansion of mobile learning applications, there is a
paucity of research on the most effective methods for picking
a good mobile application, particularly for mobile apps for
mathematics. Furthermore, only a few researches have used
multi-criteria decision-making methods (MCDM) for that aim.
Therefore this study aims to fill this gap in the literature.

I1l. METHODOLOGY

A. Triangular Fuzzy Numbers(TFN)

The transformation process of fuzzy member functions is
based on the assumption or rule that an equal membership
function ranging from 0.25-0.30 can be assigned to each rank
(Torfi, Farahani & Rezapour, 2010). For instance, a low
triangular fuzzy member of 0.000 can be assigned to a very
low fuzzy variable (see Fig. 1) Table I shows the linguistic
variables used for the fuzzification of the criteria. Table Il
shows the linguistic variables used for the fuzzification of
weights.

VL L M H VH

0

0 01 02 0.3 04 05 06 07 08 09 1

Fig. 1. Fuzzy Triangular Membership Functions.
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B. Mobile Mathematics Learning Applications as Alternatives

Table 111 shows a total of six MMLAS with user ratings of
at least 4.2 and 100 000 downloads were selected from Google
Play Store and Apple Store. Thus, these six MMLAs
constitute a sample of MMLAs that were used in this study to
create a platform upon which the best mobile mathematics
applications in terms of high-quality and user enhancing
experience can be selected.

TABLE Ill.  ALTERNATIVES

Math
application Google Store Apple Store

User Downloads in | User Downloads in

ratings 2018 ratings 2018
yHomework
Math Solver 42 1000 000+ 4.6 3000 000+
Cymath 45 100 000+ 4.3 100 000+
Malmath 4.6 500 000+ N/A N/A
Math 42 4.6 500 000+ 45 3400 000+
MathPapa 4.7 500 000+ 4.7 500 000+
PhotoMath 4.7 50 000 000+ 4.8 100 000 000+

TABLE I. TRANSFORMATION FOR FUZZY MEMBERSHIP FUNCTIONS [31]

Rank Sub-criteria grade Membership function

Very low (VL) 1 (0.00,0.10,0.25)

Low (L) 2 (0.15,0.30,0.45)

Medium (M) 3 (0.35,0.50,0.65)

High (H) 4 (0.55,0.70,0.85)

Very high (VH) 5 (0.75,0.90,1.00
TABLE Il.  LINGUISTIC VARIABLES FOR THE WEIGHT

Rank Rating Membership function

Unnecessary (U) 1 (0,0.1,0.25)

Not Important (NI) 2 (0.15,0.30,0.45)

Important (1) 3 (0.35,0.5,0.65)

Very Important (V1) 4 (0.55,0.7,0.85)

Essential (E) 5 (0.75,0.9,1.0)

1) yHomework - math solver: Math Solver in Fig. 2
specifically focues on dealing with algebra issues but also
incorporates mathematicals topics involving the use of graphs,
solving inequalities and other types of equations. The
applications simply requires users to enter an equation and it
automatically computes the answer for the user.

23 P ;‘ common denomin <

3x1 *l

3‘7.
D700 ¢ Q7808
BD:+15:088 D +15:08
®i2300 - @230
20 o0 CHNEEN - ° 00

Fig. 2. Screenshot of yHomework - Math Solver.

2) Cymath: Cymath depicted in Fig. 3 solves math
problems such as algebra (eg. quadratic equations, complex
numbvers, exponents, logarityhms factoring etc.) and calculus
(eg. trigonometric substitution, integration, u-substitution,
chain rule etc.) using the same mathematical engines. As such,
it simply allows users to enter the mathematical problem and
then automatically computes the answer for them.

Enter your problem
using the math keyboard

Factor any expression

Solve calculus problems
and show steps i

with steps

Fig. 3. Screenshot of CyMath.
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3) Malmath: MalMath shown in Fig. 4 is used to solve
mathematical problems with graphical interface and
instructions. It is freely available working online and offline
together. It helps in dealing with topics involving the solving
of algebra, integrals, equations, derivatives, trigonometry,
logarithms, limits, etc. It provides solving process as well and
inteded for high school and university students and
instructors/teachers.

Fig. 4. Screenshot of MalMath.

4) Math42: Math42 given in Fig. 5 provides innovative,
step by step checking process guide to solving problems and it
also includes test center. It also includes features such as
autocomplete formula entry recommendations during problem
solving.

Fig. 5. Screenshot of Math42.

5) MathPapa: MathPapa depicted in Fig. 6 provides aid in
solving particularly linear equations and quadratic equations
and inequalities, graphs.

e cv.acclse  cv.sccles ]
¢ MathPapa & MathPapa & MathPapa < MathPapa

Fig. 6. Screenshot of MathPapa.

6) PhotoMath: PhotoMath shown in Fig. 7 provides guide
for solving mathematical problems. It includes monitoring for
assignments and exams. Photomath is freely available and
works online. It has scanned text and handwriting text
recognition feature.
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Edit using the smart calculator

Fig. 7. Screenshot of PhotoMath.

C. Fuzzy Technique for Order Preference by Similarity to
Ideal Solution (TOPSIS) Method

The steps taking in the research include:

Step 1: A survey was set and given to the decision makers.
The decision makers then evaluated the questions for six
alternative set for the selected criteria.

Let m be number of alternatives {Al, A2 ..., Am} (m > 2)
For this research, m=6.

Let n be the Number of Criteria {C1, C2... Cn} (n = 2)
For this research, n=12.

Let w be the vector of Criteria Weights (0 < w < 1), while
Z?Wi =1.

Let DM be the number of Decision Makers that assess the
alternatives (A) and all the Criteria (C) while {DM1, DM2,
..., DMK} (K > 2)

For the research, DM=2.

Step 2: The results from Step 1 were imputed into the web
based software for the matrix which thereafter, went through
the process of calculating the normalized fuzzy decision.

The Decision Making Matrix

k k k
Ay [x11 X1z 0 X1p |
k k k
Xk: A‘Z |x21 X2 o Xop I (1)
P S J
Am Xm1 Xmz2 " Xmn
Cy C, C,
The normalized fuzzy decision matrix
k k k
Ay [x11 X1z o X
k k k
Yk = A.Z X21 X2 vt Xon )
Anlxl, xk, - x4,]
() C, C,
Where
ak b k C k
(-2t i b )ijep
maxid "max;d_j 'max;d
k _ ij ij ij
yij - min;a_, min;a_ min;a g (3)
Xij *ij Xij .o .
’ ) lf] E C
L\ a7 b T e
ij ij ij
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Step 3: Thereafter, the result was imputed into another
matrix to obtain the weighted normalized fuzzy decision.

The weighted normalized fuzzy decision matrix

k k k
Ay vy vz ot Vin
A k koo k
vi=TE e P T e @
Am lv,’fm ZPRER Vr]fmJ
() C, v Cy
k _ k _ k k k
Where 'UL-]- = W}yu = (Wjai]-,ijij,WjCij)

The matrices v* form the basis of the f weighted
normalized fuzzy decision matrices for each alternative A;

Step 4: The next step was to determine the positive idea

solution, A* and the negative idea solution, A~ using the
following equations:
The positive ideal solution A*
DM, [vl“ vit .. v,}+]
WhereA"=D1:w2 v? vZ?Jr ' v’?+| (5)
DMy, [ph+ plt o it
G, C . Cp
While v+ = max;vf;
The negative ideal solution A~
DM, [vi™ w3~ - v
WhereA‘lef/I2 ”1?_ ”2?_ Va” (6)
DMy, [ph- ph= o k-]
G C .. C,

While v/~ = minvf;

Step 5: Finally, the system calculated the relative ideal
situation of each alternatives. Then it ranked the alternatives
accordingly starting from the closest to the ideal situation.
Then the results were obtained.

The distances of each alternative A; represented by matrix
W; from positive ideal solution (PIS);

df = 2FE dfvft )

The distances of each alternative A; represented by matrix
W; from negative ideal solution (NIS);
d; = I} d(vivf ) ®)
Using these distances, the relative closeness coefficients
RC; to PIS

& )

- o+
di +d;

Where RC; =

According to the descending values of RC;, all alternatives
A; are rank ordered and the best one is selected.
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D. Evaluation Criteria Framework and Ranking

The MCDM evaluation criteria were based upon the two
aspects that were adopted from ISO/IEC 25010. The criteria
are; Functional completeness (C;), Functional correctness
(C,), Functional appropriateness (Cs), Resource utilization
(Cy), Time behavior (Cs), Appropriateness recognizability
(Ce), Learnability (C;) . Confidentiality (Cg), Effectiveness
(Cy), Efficiency (Cyo), Flexibility (Cy;), Satisfaction in
Usefulness (Cy,). The alternatives are; yHomework Math
Solver(A;),Cymath(A;), Malmath(Az), Math
42(A,),MathPapa(As), PhotoMath(As).

Two decision-makers were involved in the evaluation
process of the alternatives. The first expert (DM,) has a
background in Educational technology. The second expert has
a background in computer information systems (DM,). The
rationale for involving the limited number of decision-makers
lies in the challenge of locating decision-makers with the
proper area of expertise who not only have knowledge and
experience on software quality standards but also have an
adequate background on how to evaluate the software.

IV. RESULTS

The ranking process starts with the two decision makers
evaluate six alternatives by using the twelve criteria derived
from ISO/IEC 25010 software quality standard metrics. The
linguistic scale given in Table | was used to evaluate criteria
by the experts. The two decision matrices of the evaluated
alternatives were given in Table IV and Table V respectively.
Later, the evaluation of the decision makers was converted
into fuzzy scales. Fuzzy decision matrices for decision maker
1 and decision maker 2 were shown in Table VI and Table
VII, respectively. By using the linguistic weights given in
Table II, the weighted decision matrix was calculated and is
specified in Table VIII. The weighted decision matrix is then
normalized and ideal solutions were calculated which were
given in Table IX. The normalized positive and negative ideal
solution matrices are shown in Table X and Table XI
respectively. The Table XII shows the closeness to the ideal
solutions from highest to lowest and the final ranking of the
alternatives. The results revealed that PhotoMath( Ag) >
Malmath (Az)> Math 42(A,)> Cymath(A,)> MathPapa(As)>
yHomework Math Solver (A;) where PhotoMath has the
highest rank whereas yHomework Math Solver has the lowest
rank in terms of selected criteria according to fuzzy TOPSIS
ranking procedure.

To authors’ knowledge, studies that employ MCDM
techniques to evaluate the quality of mobile apps particularly
for Mathematics are quite limited. This constitutes the
essential driving motivation to conduct such research. The
study has some superior features as compared to the earlier
studies in the literature. The authors of an earlier study in [6]
only considered five alternatives and merely one decision
maker whereas this research included six alternatives and two
decision makers. Another study applied ELECTRE 1 to five
alternatives with only one decision maker [11] whereas the
number of decision makers in this study is two and the number
of alternatives are more. It was inferred that fuzzy TOPSIS
method can be quite effortlessly employed. The fuzzy TOPSIS
procedure is a popular technique used in other studies where
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researchers used fuzzy TOPSIS methods to evaluate four
general learning applications with 175 students using 25
criteria [33]. Earlier relevant studies have integrated FAHP
and conventional TOPSIS techniques [6] or used TOPSIS to
evaluate 6 language learning apps with six experts and 17

Vol. 13, No. 2, 2022

criteria [34], [35] whereas in the absence of precise
performance ratings fuzzy TOPSIS is the prominent technique
over conventional TOPSIS which justifies the use of fuzzy
TOPSIS in this study.

TABLE IV. Dm; DECISION MATRIX

DM; C: C; Cs Cs Cs Cs C; Cs Co Cuo Cu Cu
Ay H H L VH M L VH L H M H VH
A, L VL VH H VH VL H L M VH M

As H M VH L VL H VL M VH M VH L
Ay VL VH M VH H H M VH H VL M

As VH H VL M VH M VH H VL VH VL VH
As H VL H VL M VH H VL L L VL H

TABLE V. DM, DECISION MATRIX

DM, C, C, Cs Cy Cs Cs C, Cs Co Cuo Cu Cp
AL VH M L L VH H H L M VH H H
A, H VH L VL H VL VH VH H M M
Az L M M M H VH VL VL VH VH
Ay M VL VH H VH VH VL M H M H M
As VH VH H M M H VH VL VH VH VL VL
As H L VL VH VL VL H H M H L VL

TABLE V1. Fuzzy Dm; DECISION MATRIX

w | E \Y NI E I NI E I I E \Y E
E/ll C1 Cz C3 C4 Cs CG C? CB Cg ClO Cll ClZ
(0.65,0.8, | (0.65,0.8, | (0,0.1,0.2 (035,05, | (0,0.1,0.2 (0.65,0.8, | (0.35,0.5, | (0.65,0.8,
A | 0.5) 0.95) ) 09.11) | g65) ) (09,11) | (00102) | §go 0.65) 0.95) 0.9,1,1)
0,0.1,02 0.65,0.8, 0.65,0.8, 0.35,0.5, 0.35,0.5, | (0.65,08,
A | 00y | 0911 | §8% | o1y | ooy | D0 | 002 | P 0911 | Gey " | s,
0.65,0.8, | (0.35,0.5, 0,0.1,0.2 0.65,0.8, 0.35,0.5, 0.35,0.5, 0,0.1,0.2
As E).gs) é.es) (09.1.1) ; (0001) 8_95) (0001) 8_65) 0.9.1,0) é_es) (0.9.1,1) §
(0.35,0.5, (0.65,0.8, | (0.65,08, | (0.35,05, (0.65,0.8, (0.35,0.5, | (0.35,0.5,
Ac | 0001) | (0911) | oge 091D | §os) 0.95) 0.65) (0911) | §g5) 0.001) | 565 65)
(0.65,0.8, (0.35,0.5, (0.35,05, (0.65,0.8,
As | 0811 | §ge 0001 | ¢gs) 0911 | ¢ 0911 | ¢ gs) 0,001) | (0911 |(0001) | (0.911)
(0.65,0.8, (0.65,0.8, (0.35,05, (0.65,0.8, (0,0.1,0.2 (0.65,0.8,
As | 0.95) 0001) | §g5) 0001) | 565 (09.11) | §o5) (0001) | (00102) | 0001) | gg5)
w | (07509, | (05507, | (0.150.3, | (0.750.9, | (0.35055 | (0.150.3, | (0.750.9, | (0.35055 | (0.350.55 | (0.7509, | (0.550.7, | (0.75,0.9,
1) 0.85) 0.45) 1) ,0.65) 0.45) 1) ,0.65) ,0.65) 1) 0.85) 1)
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TABLE VII. Fuzzy Dm2 DECISION MATRIX
W E Vi NI E | NI E | | E VI E
l’\j/lz C, C, Cs C, Cs Cs C, Cs Cq Cuo Cu Con
(035,05, | (0,0.1,0.2 | (0,0.1,0.2 (0.65,0.8, | (0.65,0.8, | (0,0.1,0.2 | (0.35,0.5, (0.65,0.8, | (0.65,0.8,
Ac | 0911) | g5 ) ) 0911 1§95 0.95) ) 0.65) 0910 1 ¢g5) 0.95)
(0.65,0.8, (0,0.1,0.2 (0.65,0.8, (0,0.1,0.2 (0.65,0.8, | (0.35,0.5, | (0.35,0.5,
A | 095 (0.9,1,1) ) (0,0,0.1) 0.95) (0,0,0.1) ) (0911 | (0.9,1,1) 0.95) 0.65) 0.65)
(0,0.1,02 | (0.3505, | (0.3505, | (0.6508, | (00.1,02 | (0.350.5, | (0.65,0.8,
(0.35,0.5, (0.65,0.8, (0.3505, | (0.6508, | (0.3505, | (0.65058, | (0.35,0.5,
A | 06s) (0001) | 0911) | g (0911 | 0911 | (0001 | ge 0.95) 0.65) 0.05) 0.65)
(0.650.8, | (0.350.5, | (0.35,0.5, | (0.65,0.8,
As | 091D | (091 | goo 0.65) 0.65) 05%) 0911) | (000.1) | (0911) | (09,11 | (000.1) |(0001)
(0.65,0.8, | (0,0.1,0.2 (0.65,0.8, | (0.65,0.8, | (0.35,0.5, | (0.65,0.8, | (0,0.1,0.2
As | 0.05) ) (0001) | 0911) | (0001) | 0001) | gon 0.95) 0.565) 0.95) ] (0,0,0.1)
TABLE VIIl. WEIGHTED DECISION MATRIX
D
M C: C, C; Cy Cs Cs C; Cs Cq Cuo Cn Cp
A, | 06509, | (035065 | 00.00. | (oo | 0350. | (004509 | (06509, | (0010. | (035065, | (0.350. | (065080 | (065091
) 0.95) 2) OO 75 1) 5) 1) 2) 0.95) 75,1) .95) )
(0,0.45,0. (0,055, | (0,04,09 | (0.65,0. (0,0450. | (0,055, | (0.35,0.75, | (0.65,0. | (0.35,0.5,0 | (0.35,0.65,
A2 | g5) ©051) |y 5) 9.1) ©0001) | g5 1) 1) 9.1) 65) 0.95)
(0,0450. | (0.35050 | (0.350. | (0,0.450. | (0,0.05, | (0.350.65, | (0,04,0.9 | (0.35,0. (0,0.25,
As | gg) 65) 751) | 95) 0.2) 0.95) 5) 751) | @051 | g5 | 0911 | (0.0.550)
A | 00250 | ooy | 0350, | 06509, | 0650. | (065091 | (00250. | (0350. | (065080 | (0.0.25, | (0.35065, | (0.35050
4| 65) 09, 75,1) 1) 9,1) ) 65) 75,1) .95) 0.65) 0.95) 65)
(0.65,09,1 | (0,0.4,0. | (0.35,0.5, | (0.35,0. (0.35,0.65, (0,0.4,0.
As | 0911 | %) 0.65) 75.1) 0.95) (0911 | gg) 0051 | (0911 | (0001 | (00521
(0.65,0.8, | (0,0.0502 | (0,0.4,0. (0,0.25, (0.65,0.8, | (0,0.4,0. | (0,0.3,0.65 | (0,045, | (0,0.0502 | (0,0.4,0.95
As | .95) ) 95) ©0051) | ggs) | 005D | 595 95) ) 095 |) )
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TABLE IX.  NORMALIZED WEIGHTED DECISION MATRIX WITH IDEAL SOLUTIONS
Id
ea | C; C, Cs Cy Cs Cs C, Cs Cq Cio Cu Cp
|
A | 04875, 51%51%236% (0,003,0. | (0,0.495, 51%2152%56% (0,0.1350. | (0.4875, | (0,0.0550 (50751%221%2 (8§$§51 (0.3575,0. | (0.4875,0
tlostte | g0 09) 1) 125085 | 4275) 0811 | .13) Sro 071 | s608075) | 8L1)

A | 00405, | (003508 | (0065, | (0,0.360 | (0.22750. | (0,0,0.045 | (0,0405, | (003020 | (0122504 | (0.4875 | (0.19250. | (326250
2| 0g5) | 5) 0.45) 95) 495,0.65) | ) 095 | .65) 125065) | 08L1) | 35.05525) |
A, | 00,405, | (0.19250. 000252 | 00405, | 00.0275, | 92201 00360 | 0222901 002750, | (0022 | (049507, | (0,045,

“|0ss) | ss0ss2s) | P04 | 0s) | 013 5 95) 125085 | 65) 50.65) | 0.85) 1)
A | 00225, | 003508 | Q02501 (04875 | (022750 | (0.00750. | (00225, | 01220 | (0207504 | (0022 | G320 (026050
+ | 065) | 5) 720045 oy | 405065 | 21045) | 05) | 0% | 40617 | 5065 | 0 45,0.65)
A | 06750, | (035750, | (00420, 804165% 5101'215%56% (1%;)%22’2% (0.6750. | (00.220. | (00.275,0. | (0675, | (0,0,0.085 | (0,0.451
5 | 91) 63085) | 4275) | 00 | 1129065 | 1000 9.1) 6175) 65) 091 |) )
A 80'7‘;8;% (0,00350. | (0,0.120. | (0,0.45.1 | (0,0.1375, | (0,0.15,0.4 (()0'7‘;8359' (0,022,0. | (0,0.1650. | (0,040 | (0,00350. | (0,0.36,0.
S SR D 21 |) 0.4225) | 5) 5409 | e1r9) 4225) 50.95) | 17) 95)
A | (06750. | (0.35750. (gégsgi,g (0.4875, | (0.2275,0. | (0.0525,0. | (0.675,0. 5101'2152%56% (0122504 | (0.675, | (0.495,0.7, | (0.4875,0
© 191 65085) | °0% | 0811) | 4ss065) | 195045) | o) yro08 | 125085 | 091) | 085) 81,1)
A | 00225, [ (000350, | (0.0.030. | (00360 | (000275, | (001350. | (00225, | (00050 | (00.1650. | 0022 | (50005 | ©0-360.
065 | 17) 09) '95) 0.13) 4275) 065 | .13) 4225) 5065 | (000 95)
TABLE X. NORMALIZED POSITIVE IDEAL SOLUTION MATRIX
FPI -
S C1 Cz C3 C4 Cs CG C? CB CQ ClO Cll ClZ d+i
A | 014077 | 022114 | 041054 | 042242 | 0.10237 | 0.07088 | 014077 | 063498 | 006388 | 032763 | 016645 | 000000 | 2.70190
t | 908 758 080 603 798 723 908 688 466 356 820 000 108
A | 034985 | 036414 | 0.06722 | 053312 | 000000 | 0.45052 | 063198 | 0.13077 | 0.00000 | 014077 | 0.49143 | 0.26457 | 342441
2 | 711 569 165 170 000 053 101 493 000 908 497 513 182
A, | 063198 | 043310 | 0.00000 | 049572 | 071148 | 0.02250 | 066781 | 0.00000 | 0.15462 | 085440 | 0.00000 | 0.42242 | 439405
s | 101 651 000 548 319 000 360 000 320 037 000 603 939
A | 085440 | 036414 | 0.00000 | 0.00000 | 0.00000 | 0.07937 | 085440 | 0.00000 | 007407 | 085440 | 030386 | 051862 | 390328
+ | 037 569 000 000 000 254 037 000 766 037 400 800 902
A | 000000 | 002000 | 011157 | 051862 | 010237 | 0.02250 | 000000 | 0.20764 | 0.15462 | 000000 | 107559 | 0.45696 | 2.66990
s | 000 000 957 800 798 000 000 051 320 000 286 690 902
A | 021501 | 093080 | 011157 | 045696 | 044363 | 0.05425 | 021501 | 020764 | 034353 | 063198 | 099312 | 053312 | 514747
s | 376 162 957 690 790 634 376 051 251 101 638 170 195
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TABLE XI.  NORMALIZED NEGATIVE IDEAL SOLUTION MATRIX

Fl ;

NS C1 Cz C3 C4 C5 Ce CS CQ ClO Cll ClZ d-i

A 0.73752 | 0.77146 | 0.00000 | 0.14396 | 0.65086 | 0.00000 | 0.73752 | 0.00000 | 0.28298 | 0.58988 | 0.93712 | 0.53312 | 5.38447
1 5423 5056 0000 1800 6410 0000 5423 0000 9988 8761 7704 1703 2269

A 0.34985 | 0.74941 | 0.38448 | 0.00000 | 0.71148 | 0.40562 | 0.34985 | 0.57589 | 0.34353 | 0.73752 | 0.59448 | 0.27128 | 5.47343
2 7114 6440 0169 0000 3193 4518 7114 6041 2507 5423 1567 1680 5765

A 0.34985 | 0.07366 | 0.41054 | 1.03495 | 0.00000 | 0.06722 | 0.32897 | 0.63498 | 0.25269 | 0.00000 | 1.07559 | 0.14396 | 4.37244
3 7114 3180 0802 2088 0000 1648 5683 6877 7942 0000 2860 1800 9993

A 0.00000 | 0.74941 | 0.40367 | 0.53312 | 0.71148 | 0.14798 | 0.00000 | 0.63498 | 0.36180 | 0.00000 | 0.86103 | 0.34794 | 4.75145
4 0000 6440 0638 1703 3193 6486 0000 6877 3929 0000 6197 9350 4812

A 0.56235 | 0.60924 | 0.34929 | 0.34794 | 0.65086 | 0.06722 | 0.85440 | 0.51466 | 0.25269 | 0.85440 | 0.00000 | 0.10295 | 5.16605
S 2490 8723 3931 9350 6410 1648 0375 6154 7942 0375 0000 6301 3698

A 0.64361 | 0.00000 | 0.34929 | 0.10295 | 0.31250 | 0.02704 | 0.64361 | 0.51466 | 0.00000 | 0.34985 | 0.09192 | 0.00000 | 3.03547
6 7705 0000 3931 6301 0000 1635 7705 6154 0000 7114 3882 0000 4426

TABLE XII. FINAL RANKING OF ALTERNATIVES

Rank d-i d+i D+i+D-i Cci Rank

yHomework Math Solver (A;) 2.701901083 5.384472269 8.086373351 0.334130143 6

Cymath(A,) 3.42441182 5.473435765 8.897847585 0.384858449 4

Malmath (As) 4.394059393 4.372449993 8.766509386 0.501232497 2

Math 42(A,) 3.903289017 4.751454812 8.654743829 0.450999948 3

MathPapa(As) 2.669909017 5.166053698 7.835962715 0.340725079 5

PhotoMath( Ag) 5.147471948 3.035474426 8.182946373 0.629048721 1

V. CONCLUSION

The user ratings of mobile applications found at the app
stores can sometimes be not sufficient for revealing the
essential quality of the mobile applications. Therefore precise
and easy techniques are desired. By developing a multi criteria
decision making evaluation to rank mobile mathematics
learning applications, this study intends to enhance the use and
effectiveness of mobile Mathematics learning applications
thereby improving the quality of learning across all learning
platforms. In addition, the study also helps in setting standards
in relation to ISO practices upon which the quality and
usability of MMLASs can be determined. It also contributes to
the research of mobile applications through the use of fuzzy
TOPSIS.

V1. FUTURE WORK

Tends to focus towards increasing the number of decision
makers, alternatives as well as comparing and contrasting the
efficiency of different MCDM methods applied to improve the
precision of the selection process. It is recommended that user
friendly interface or software could be initiated for the service
of decision makers.
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