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Abstract- Mobile app stores business model has made mobile apps available to millions of people anytime, anywhere. Developers
develop apps that are available to users in short periods of time. Mobile application are downloaded in their billions. Most of these apps
fail. Quality of the mobile applications is the major factor. Users can now use an app and give feedback by way of rating and leaving
comments. Negative comments affect the success of the mobile application. It is important for developers to act on the issues. This paper
aims to define mobile quality attributes that are important based on analyzing users’ reviews to understand the quality demanded.
ISO/IEC 25010 is the current standard to measure the quality of mobile applications. Applying this standard as leverage we determined
a relationship between what the customer quality demands are and the tool at hand to fulfil them using Quality Function Deployment.
This should assist developers in prioritizing user requirements and their resources for mobile applications which should get to the market
quickly.

Index Terms- Mobile app, Quality Function Deployment, quality attributes , app store.

l. INTRODUCTION

obile applications are so prevalent in our society that Apple store slogan “there is an app for that” best describes [1] the growth.

In 2019 Google Playstore has 2.1 million apps followed by Apple Store at 1.8 million according to Statistica com. This growth
can be attributed to the availability of smart device, ability of third parties to develop software and customers that are connected and on
the go who need apps to improve their lives. Billions of apps are downloaded each year from these stores. A new business model has
risen where development and distribution of mobile software is centralized [2]. Crowdsourcing has enable app stores to avoid the costs
associated with development and marketing the app products, while providing a large variety of apps to their users at little or no risk.
Quality of such a large number of applications is a challenge to guarantee with large numbers of users and developers scattered all over
the world. In order to ensure quality apps the app stores have set up policy and publishing guidelines [3] that must be followed by all
developers. Additionally the platform provides users with opportunity to give feedback for which developers are expected to act upon.

These paper proposes a way of measuring quality of mobile applications using customer requirements mined from app store reviews
against a standard quality 1SO 25010 through Quality Function Deployment.(QFD). QFD is a product development tool that focuses on
translating customer requirements into design requirements that software engineers can [4] understand and implement. The customer
requirement are captured from the mining users’ reviews which are comments left in the app stores by users of a particular application.
Review mining can be done manually or automatically. Negative reviews affect the users’ view of is quality leading to less downloads
and loss of revenue [5]. Other than increasing downloads, mining reviews and acting on the requests, can increase the rating of such
mobile applications[6] [7] in the future. It assists in the maintenance and evolution of the app through crowdsourcing of the reviews.

The quality of mobile software conformance to specification and ability to meet the user needs can be view in three dimensions as
proposed by [3] . These are the end user of the software product, the mobile environment where the software will execute and the
regulations of the mobile app markets. The user needs are important in the perception of quality to a product. Their experience and
overall satisfaction with the product plays a big role in determining the quality factors of a mobile software product. The mobile
environment is different from ordinary software environment. There are constraints the device and constraints on network technology.
Phones have smaller screens, limited power etc, while network technology like signal power, interoperability of different technologies
affects the use of an application. The ability of a mobile application to adopt to these constraints will determine its quality. Mobile
applications are now available in application markets like Google Playstore and 10S store. This app markets have regulations that have
to be met in order for application to be hosted by them. They provide a source for software quality of the mobile software application.

This paper proposes a way of defining the most important quality attributes of mobile applications based on customer requirements

mined from app stores and a standard quality tool that is at hand to fulfil them. Using QFD, we will prioritize quality attributes to help
developers use their limited resources of software development more efficiently.
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Il. LITERATURE REVIEW
2.1 Mobile Software Quality

Quality of mobile application is critical to its success in a very competitive market of app stores. Information, communication and leisure
are some of the activities supported by mobile applications [8]. He continues to say that the user acceptance of a mobile software product
depends on the users need and context and the perceived experience (Quality of experience) from using the product. He concluded that
factors affecting QOE are, application interface design, application performance, phone features, battery efficiency, user routine, cost of
application and connectivity we well as user’s lifestyle.

In a qualitative survey of mobile software developers by [9], user experience that was seen as most relevant was for an app to be
enjoyable, engaging, satisfying and helpful. They view the users of mobile applications to be different from those of desktop application.
The mobile app users are fast and immediate response to their interactions. Information is expected to be available immediately in easy
steps and interaction with other built in facilities like Bluetooth, GPS, Wi-Fi continue. Quality of mobile software as perceived by users
is different from the technical quality [10]. This is both for internal and external quality of the mobile software. Mobile software
applications quality can be seen as how the users performs and experiences the app under the constraints of the mobile application
environment. Mobile software quality (both internal and external) is critical, user perceptions and expectations of an app are key in its
economic success.

According to [11]. The lifespan of mobile applications is short. They are used for limited functionality. They add that complex
functionalities in the software has to interface with to telephony, cameras, locations and other features unique to mobile devices.
Usability issues can be raised by small screen displays, limited data input methods, context of use (mobile users that re affected by
geographical and meteorological conditions), and connectivity that can change with location.. Battery and memory is still more.limited
in mobile applications that software[12] . A mobile app needs to be transferable to many different platforms and their processing power
is till limited.

Mobile application development process should not just be a variation of classical processes but will require techniques, methods and
policies that address the new challenges it brings [13]. The development is happening in new unpredictable an unconventional settings
and scenarios. It is difficult to predict what will work in terms of innovation customer satisfaction and return on investment.

The need to develop mobile software faster, users that are impatient and demanding and the constraints of the mobile environment,
demand that developers prioritize user needs and put their limited resources where the will most effective.

2.2 Quality Function Deployment in software engineering

The use of QFD in software engineering is not a not new concept. In the mid-nineties the researchers [14][15] where looking in way of
incorporating QFD in software development process. They referred to it as Software QFD and attempted to capture user requirements
and associating with the Total Quality Management to rank their importance. Anang and others [16] apply QFD in Acceptance Driven
Development (ATTD) to develop software that met user requirements and was maintainable. Test driven development is an approach
of developing software, advocates for loosely couple codes for easy testability and maintainability.

Mobile software model is proposed by [17] by analyzing the published guidelines on quality by software quality mobile app store and
ranking them. QFD is used to associate the demanded quality from app stores by the use of a quality standard.

I, METHODOLOGY

The QFD to be used in this paper is in assisting the developers know which quality attributes matter most to the user. This is by gathering
the user requirements that have been mined from user reviews. This will based on paper by [5] that mined user reviews from 20 popular
app in Apple store. They manually analyzed 6390 reviews across 15 deferent categories. They found the most common complaints were
as shown in Table 1.
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Table 1: Customer Quality characteristics

Complaint type Rank Median (%0)
Functional Error 1 26.68
Feature request 2 15.13
App crashing 3 10.51
Network problem 4 7.39
Interface design 5 3.44
Feature removal 6 2.73
Hidden cost 7 1.54
Compatibility 8 1.39
Privacy and Ethical 9 1.19
Unresponsive app 10 0.73
Uninteresting content 11 0.29
Resource heavy 12 0.28
Not specific 13.25

The twelve identified quality issues from mobile app users will be used as the customer requirements for our QFD. We hope to be able
to associate these requirements with the current standard in place to measure them. The standard for this research will be ISO/IEC 25010,
which is the current standard for quality for all software including mobile applications.

ISO/IEC 25010 is built from the ISO/IEC 25000 series of standards know as SQuaRE (System and Software Quality Requirements and
Evaluation) in [18]. The standard is comprised of two models, the quality in use model and product quality model. The quality in use
model has five quality characteristics which are further subdivided into sub characteristics. The product quality model comprises of
eight characteristics that are further sub divided into sub characteristics.

Table 2: ISO/IEC 25010 software product characteristics

Product quality characteristics Product quality sub-attributes

Functional Suitability Functional completeness, Functional correctness, functional appropriateness

Performance efficiency Time behaviour, resource utilization, Capacity

Compatibility Co-existence, Interoperability

Usability Appropriateness recognisability, learnability, operability, User error protection , user
interface aesthetics, accessibility

Reliability Maturity, availability, fault tolerance and recoverability

Security Confidentiality, integrity, Non-repudiation, Authenticity, accountability

Maintainability Modularity, reusability, analysability, modifiability, testability

Portability Adaptability, Installability, replaceability

Table 3: ISO/IEC 25010 Quality in use characteristics

Quality in use characteristics Quality in use sub-characteristics

Effectiveness

Efficiency

Satisfaction Usefulness, Trust, Pleasure

Freedom from risk Economic risk mitigation, Health and safety risk mitigation, environmental mitigation
Context coverage Context completeness, flexibility

It is now possible to do a quantitative relationship between what the customers require from a mobile application and the ISO/IEC 25010
quality characteristics as outlined. We can then rank the relationship to provide us with the most important quality attributes to a mobile
application customer. The methodology as outline by [3] is implemented in five steps as explained in the next section.
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IV. RESULTS AND DISCUSSION

There are five major steps in implementing the QFD to ensure the quality requested by users is translated in the important quality
characteristics of the final product.

Step 1. Customer Quality requirements: in this quality requirements of the customer are captured. This is done through analyzing
customer reviews from apps stores. Twelve quality issues are reported as shown in table 1.. They are classified as “Customer Quality
requirements” (CQR) which in table 1 are the complaint type

Step 2. Rating the importance of the customer quality attribute which is done by calculating the frequency of complaints or requests on
particular quality attribute. This is captured by the paper written by [5]. There are 12 user complaints that are captured in Table 1.

Step 3. Standard quality: this describes the quality in terms of attributes that can be measured by a known standard. In this QFD the
quality standard is provided by the ISO/IEC 25010 that sets standards for all types of software including mobile application software.
Developers can use the thirteen quality characteristics and 42 quality sub-characteristics to measure the quality of the final product.
Step 4.Quality relationship matrix: A matrix is developed to determine the relationship between the customer quality requirement (CQR)
and the quality standard (SQR). It measures the relationship between what the customer wants and standards available to ensure they
get it. In QFD, a relationship value (RV) is calculated. The methodology define the relationships as strong that is assigned the value 9,
moderate that is assigned the value 3 and weak that is assigned the value 1. Where there is no relationship no value is given. The
relationship matrix is shown in table 3 and table 4.

Table 3: Relationship Matrix for software quality product standard
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Table 4: Relationship matrix for quality is use standard
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Step 5: Standard Quality characteristic weight by importance. The association between the customer quality requirements and the
standard quality to fulfil them can be calculated. First we calculate the Standard Quality Characteristic (SQR), which is given by the
sum of multiplying the relationship value (RV) with the customer quality relative weight (CQRW).
n
SQW=)_ (RV*CQRW)
SQ=1

Afterward we calculate the standard quality relative weight (SQRW). This indicates the weight of the standard quality characteristics
relative to other standard characteristics. This is then multiplied by 100.

SQRW= SQW

n

Y. (SQW)

SQ=1

The computed values for the standard quality characteristic and the standard quality relative weight are contained in Table nnn for the
software product characteristics and in Table mm for the quality in use characteristics.

Ranking of quality characteristic is done to show the most important quality attributes as demanded by users. They are ranked from the

most important to the least importance to make it easy to see what the users want at a glance. Figure 1 shows the software quality
characteristics while figure 2 shows the quality in use quality characteristics.
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Software Product Quality
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Functional completeness
User Error protection
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Adaptability
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User Interface Aesthetics
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Figure 1: Ranking of quality attributes in software product standard

The software quality characteristics that customers demand apps have recoverability, functional correctness and completeness, user error
protection and functional appropriateness as the most important quality attribute. Next tier of importance is adaptability, appropriateness
recognizability, capacity, resource utilization, fault tolerance and confidentiality. Quality attributes of portability and maintainability are
least important to users.
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Quality In Use
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Efficiency I
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Trust
Economic risk mitigation
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Environmental mitigation
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Figure 2: Ranking of quality attributes in quality of use standard

Quality in use characteristic are more important to users of mobile applications that software product quality characteristics in general.
Customers demand mobile apps that are foremost useful, pleasurable to use and effective. Freedom from risk are the least important
issues to mobile app users.

V. CONCLUSION
In identifying the most important quality characteristics of mobile applications, functional suitability, usability and reliability are the
most prioritized in the software product. Maobile app give least importance to portability and maintainability. In measuring the quality
of the product while in use users prioritized usefulness, pleasure and effective. Least priority was freedom from risk. In developing
software for mobile users, developers can use this knowledge in prioritizing resources when developing apps. Considering most
mobile applications are developed quickly and updated frequently, this knowledge can help developers avoid negative reviews that
affect the success of the mobile app in app markets.
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