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Abstract

This paper presents an empirical study based on a set of measures to evaluate the usability of mobile applications
running on different mobile operating systems, including Android, iOS and Symbian. The aim is to evaluate empiri-
cally a framework that we have developed on the use of the Software Quality Standard 1SO 9126 in mobile environ-
ments, especially the usability characteristic. To do that, 32 users had participated in the experiment and we have
used ISO 25062 and ISO 9241 standards for objective measures by working with two widely used mobile applications:
Google Apps and Google Maps. The QUIS 7.0 questionnaire have been used to collect measures assessing the users’
level of satisfaction when using these two mobile applications. By analyzing the results we highlighted a set of mobile
usability issues that are related to the hardware as well as to the software and that need to be taken into account by
designers and developers in order to improve the usability of mobile applications.
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Background

In 2012, the average use of smart phones increased by
81 % over 2011 and the average download of mobile
applications increased to 342 MB per month and per
smartphone, compared to 189 MB in 2011 (Cisco Vis-
ual Networking Index 2014) at an international level.
The Gartner group study (2014) reports a 2011 yearly
19 % rate of increase in sales of mobile devices. Further-
more, in 2013 nearly 102 billion of mobile applications
were downloaded, versus 64 billion in 2012. In 2017,
it is expected that this number will increase to 254 bil-
lion download (Gartner 2014). These statistics show that
smart phones and tablets have invaded the daily lives
of consumers: at home, at work, and in public places.
Indeed, according to the data provided by Sales Force
Marketing Cloud (2014), 85 % of people with smart
phones consider their devices an inseparable part of their
lives.
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and indicate if changes were made.

Consequently, the growing number of mobile users
automatically influences the growth of mobile applica-
tions (i.e., apps) that are available in the download plat-
forms, such as the App Store and the Play Store.

In our earlier framework on the use of the software
quality standard ISO 9126 in mobile environments, we
had identified several mobile limitations that may affect
the quality of apps, some of which often have a negative
effect on the usability of apps such as smaller screen size,
low display resolution, the context in which the mobile
device is used and low memory (Idri et al. 2013). There-
fore, the evaluation of usability of apps, which must be
initiated before the launch of the apps, is considered as a
new area of research, (Kjeldskov and Stage 2004). Usabil-
ity evaluation and remedial actions can help developers
to meet the needs of users by designing easy to use apps.

However, few studies have been carried out on the use
of ISO 25062 and ISO 9241 to evaluate the software qual-
ity of apps and to address the limitations of mobile envi-
ronments. Most have focused on evaluating the usability
of very specific types of apps, such as the Satnav applica-
tions (Hussain and Kutar 2009, 2012a), mobile geo-appli-
cations (van Elzakker et al. 2008), and mobile tourism
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applications (Ahmadi and Kong 2008; Geven et al. 2006;
Schmiedl et al. 2009; Shrestha 2007; Echtibi et al. 2009).

The aim of this study is to present an empirical evalu-
ation of our framework developed on the use of the soft-
ware quality standard ISO 9126 in mobile environments
(Idri et al. 2013), especially the influence of mobile limi-
tations of these environments on the usability of apps
running on existing operating systems (OS). To do that,
we have relied on the ISO 9241-11:1998, ISO 25062:2006
standards for the usability evaluation. Thirty-two users
have participated in the experiment with different types
of smart phones (Android, iOS, etc.). They have been
asked to perform a set of defined tasks for Google Apps
and Google Maps, which were selected as test cases to
investigate usability problems. The Questionnaire for
User Satisfaction Interaction (QUIS 7.0) (Hussain and
Kutar 2012a) was used to assess the user’s satisfaction
level.

The paper is structured as follows: “Using ISO 9126
for software quality in mobile environments” section
presents the challenges of mobile environments and
describes our earlier framework based on ISO 9126
to determine the software quality characteristics that
may be influenced by the mobile environments limita-
tions. “Usability evaluation of mobile applications” sec-
tion defines the usability evaluation of apps according to
ISO standards, presents the existing usability evaluation
methods, and describes the components of the context of
use as proposed by ISO 9241. “Experiment design” sec-
tion describes the design of the experiment. “Discussion
and interpretation” section discusses the results and pre-
sents a set of mobile usability issues that must be taken
into consideration by developers in the design of user-
friendly mobile applications in addition to the presenta-
tion of threats to validity. Finally, findings are discussed
and future works are presented in “Conclusion and future
work” section.

Using ISO 9126 for software quality in mobile
environments

In our previous study (Idri et al. 2013), we have developed
a framework in order to use the ISO 9126, particularly its
external quality model, to deal with mobile environments
limitations which are mainly decomposed into two sub-
categories: (1) mobile devices limitations such as, lim-
ited energy autonomy, limited user interface and limited
storage capacity; and (2) wireless networks limitations
which are as follows: frequent disconnection, lower and
variable bandwidth. The framework developed is based
on an analysis process which was designed to take into
consideration the limitations of mobile environments.
The process is applied to the six external quality char-
acteristics: functionality, reliability, usability, efficiency,

Page 2 of 15

maintainability, and portability and consists of three
steps as shown in Fig. 1 (Idri et al. 2013).

Table 1 shows the results of the application of the anal-
ysis process on the six characteristics of ISO 9126 exter-
nal quality. We noted that:

(1) Reliability is influenced by the following mobile
limitations: frequent disconnection, variable band-
width, and limited energy autonomy. Therefore,
during the evaluation of this characteristic, these
three mobile limitations must be supported using
the ISO 9126 measures or by providing other ones
specific to mobile environments. The same goes for
the Efficiency characteristic (lower bandwidth and
limited storage capacity), and the usability charac-
teristic (limited user interface).

(2) Usability is influenced just by limited user inter-
face, since we have observed that most of usabil-
ity external metrics are influenced by limited user
interface (21 of 39 metrics) (Idri et al. 2013).

(3) Functionality is not impacted by the mobile limita-
tions considering recommendations presented in
ISO 25010. Therefore, this characteristic can be
evaluated in the same way as in a fixed environment.

(4) Portability is impacted by limited storage capacity
and limited user interface. When evaluating this
characteristic these two limitations must be taken
into account by proposing new measures specific
to mobile environments.

(5) No recommendations have been made for the
maintainability characteristic. ISO 9126 should
provide additional measures, particularly for the
stability and testability attributes to decide whether
or not there is an influence relationship between
maintainability and mobile limitations.

This work presents an empirical validation of our
framework findings as shown in Table 1, especially those
concerning the usability characteristic. The choice was
made in the first place on the usability, since it is a key
characteristic for an application to be learned, attractive
and easy to use by final users. Therefore, we evaluate the
usability of mobile applications taking into consideration
the limited user interface since it is related to the usual
challenges of the apps. In contrast to the study in Idri
et al. (2013) that used the External Quality Model of ISO
9126 but without taking into consideration the context of
use, this empirical validation also take into account other
mobile limitations such as:

+ Mobile context it concerns “any information that
characterizes a situation related to the interaction
between users, applications, and the surrounding
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I I External Metrics

Step 1: Analyze of the External Metrics (E.M.)

! I Calculation of Basic Elements

Step 2: Checklists of Mobile Limitations (M.L) vs. External Metrics

ﬂ M.L. vs. E.Q.M. Checklists

Step 3: Calculate the Degrees of Influence

Influence Degrees

Fig. 1 Analysis process (Idri et al. 2013)

environment (Dey et al. 2001)” It includes every-
thing that can distract users’ attention such as envi-
ronment, persons, etc. It is not obvious to include
all possibility of the context in one mobile usability
evaluation (Longoria 2001).

o Network characteristics Limited and variable band-
width of networks is a common obstacle for mobile
applications (Longoria 2001) that affect the data
download time, the quality of audio and video
streams, in addition to the data transfer and the sig-
nal power which depends on the mobility of users
(Sears and Jacko 2000).

o Screen size The small size of mobile devices screens
has a significant impact on the usability of mobile
applications (Kim and Albers 2001).

o Display resolution Low display resolution of mobile
devices affects the display quality on the screen of
multimedia data and files. Therefore, different mobile
devices with different display resolution screens can
produce different results of mobile usability evalua-
tion.
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+ Limited storage capacity The memory capacity and
computing power of mobile devices are incompara-
ble to computers. Therefore applications that require
high-capacity memory for installation, graphics or
fast processing speed remain impractical on mobile
devices (Rakkolainen and Vainio 2001).

o Data entry techniques Small graphics like the small
buttons and labels reduces the input speed data
which increases the errors and therefore limit the
effectiveness and the efficiency of the user when
entering data (Longoria 2001; MacKenzie and Zhang
1999; Soukoreff and MacKenzie 1995).

Usability evaluation of mobile applications
According to ISO 9126, the usability characteristic is
defined as “the capability of the software product to be
understood, learned, used, and attractive for the user,
when used under specified conditions” (ISO 9126-2
2001); it is subdivided into four sub-characteristics:

1. Understandability: “the capability of the software
product to enable the user to understand whether the
software is suitable, and how it can be used for par-
ticular tasks and conditions of use”.

2. Learnability: “the capability of the software product
to enable the user to learn its application”

3. Operability: “the capability of the software product to
enable the user to operate and control it”

4. Attractiveness: “the capability of the software prod-
uct to be attractive to the user”.

ISO 25010 standard constitutes a revision of ISO 9126-
1: 2001. The revised ISO software product quality model
is composed of two parts: (1) the internal and external
software quality model and (2) the quality in use model
(ISO/IEC 25010-2 2008). It’s including the same char-
acteristics of the software quality with some modifica-
tions: more specifically, the quality of use that has been
divided into usability in use, flexibility in use and safety.

Table 1 Evaluation of the degree of influence of the mobile limitations on ISO 9126 characteristics (Idri et al. 2013)

Characteristic Frequent Low Variable Limited autonomy Limited capacity Limited user
disconnection bandwidth bandwidth of energy of storage interface

Functionality X X

Reliability X X X

Usability X

Efficiency X X

Maintainability
Portability

More external metrics should be provided, in particular for the attributes of stability and testability

X
More external metrics must be
proposed
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The usability in use includes the effectiveness in use, the
efficiency in use, the satisfaction in use and the usability
in use compliance (ISO/IEC 25010-2 2008).

In 2006, the Common Industry Format (CIF) for usa-
bility was adopted by ISO as part of the ISO 25000 series.
The CIF provides a set of standards, such as ISO 25060
for the specification and the evaluation of the usability
of interactive systems (ISO/IEC TR 25060 2010), and the
ISO 25062 as a standard method for reporting results of
usability evaluation (ISO/IEC 25062 2006). The report
components and format of the CIF are consistent with
the definition of usability according to ISO 9241-11
standard: “the extent to which a product can be used by
specified users to achieve specified goals with Effective-
ness, Efficiency and Satisfaction in a specified Context of
use” (ISO 1998).

« Effectiveness: “the accuracy and completeness with
which specified users can achieve specified goals in
particular environments”.

« Efficiency: “the resources expended in relation to the
accuracy and completeness of goals achieved”

« Satisfaction: “the comfort and acceptability of the
work system to its users and other people affected by
its use”

These definitions of effectiveness, efficiency and satis-
faction in ISO 9241 are similar to the definitions in ISO
9126. However, in ISO 9126, they are defined on the
basis of the software product, where as in ISO 9241-11
they are based on the users’ views and opinions (ISO/
IEC 25062 2006). These findings further justifies the use
of ISO 9241-11 for the usability evaluation; similarly,
Constantinos and Dan (2007) analyzed the dimensions
of usability measures and found that the main compo-
nents of usability evaluation are indeed effectiveness,
efficiency, and satisfaction with percentages of 62, 33 and
20 % respectively, in addition to the context of use which
is also an important component to consider when evalu-
ating the usability.

Context of use
In ISO 9241(ISO/IEC 25062 2006; ISO 1998), the context
of use includes the following:

» Users There are several user characteristics that influ-
ence the use of a mobile application: (1) the experi-
ence with a particular type of device and a specific
mobile application (Constantinos and Dan 2007;
Mao et al. 2005) (experienced or a novice user); (2)
the age; (3) the gender; (4) the level and the nature of
education; and (5) the occupation (Suzuki et al. 2009;
Ling et al. 2006).
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o Tasks A set of tasks are defined to be executed by
users to evaluate the usability of a mobile application.

o Device/Equipment A mobile device differs from
another with several aspects of form and design as
the keyboard type (manual or virtual), screen sizes,
colors, and storage capacity. Also a mobile applica-
tion can be launched on a smartphone, or on a tablet
under different OS; hence, the choice of the device
category and the type of OS should be considered
(Ryan and Gonsalves 2005).

+ Environment As explained below in “Usability evalua-
tion methods and techniques” section, the evaluation
of usability can be achieved in a laboratory setting
or in the field that is a real world. However, all user
interactions with the devices/apps are important, and
must be recorded for interpretations and analysis.

Usability evaluation methods and techniques

There are four types of methods frequently used for the
usability evaluation, each with specific characteristics
(Preece 1993):

1. Heuristic evaluation or experts-based evaluation it is
a method of usability evaluation carried out by one
or more human experts to describe the problems that
may be encountered by inexperienced users when
using an interactive system.

2. Observation it involves the collection of data relating
to what users do when interacting with an interface
by using video recording, thinking aloud protocol or
direct observation.

3. Surveys are used to identify the users’ views and feed-
backs to understand their expectations for a given
product, using questionnaires and interviews.

4. Experimental evaluation an evaluation method that
can be conducted by experts and/or users to address
the mobile usability issues using questionnaires,
interviews and software logging.

These methods can be applied in two different ways:
laboratory tests and field tests (Kaikkonen et al. 2005).
In a laboratory experiment, users must perform tasks
relating to a mobile application in a very specific and
controlled environment, away from interruptions, noise,
etc. Hence, the control of the experiment and data col-
lection is not an issue, but it is nonetheless unrealistic.
In contrast, the field evaluation tests allow participants
to really use the apps (Johnson 1998a; Tamminen et al.
2004). However, the evaluation of usability in the field is
not easy (Nielsen 1998; Brewster 2002). Kjeldskov and
Graham (2003) conducted a major study which showed
that 71 % of usability apps evaluations were performed
in laboratory settings because of the complexity of data
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collection in the field, as users move physically (Johnson
1998b; Petrie et al. 1998) and it is not obvious to apply
pre-established Evaluation techniques, such as direct
observation and video recording (Pascoe et al. 2000).

Experiment design

The Limited User Interface is one of the key constraints
of mobile devices as they are generally with small size
(Oehl et al. 2007). This means that the display capacity
of smart phones, for instance, is very restricted, which
requires that the designer adapt the human machine
interface of apps to this constraint. For evaluating the
influence of this limitation on the mobile usability and in
order to highlight the influence of the other mobile limi-
tations (“Using ISO 9126 for software quality in mobile
environments” section), an experiment was designed and
ran using direct observation of users, video recordings
in addition to questionnaires. This Empirical Evaluation
was based on the ISO 9241-11:1998, ISO 25062:2006
using the experimental process proposed by Wholin et al.
(2012), Kitchenham et al. (2002).

This experiment is aimed at answering two questions:
(1) what are the measures that have been impacted dur-
ing the evaluation of the usability of mobile applications?
(2) what are the other mobile limitations that influence
the usability of mobile applications compared to limited
user interface? The different steps of the experiment are
discussed in the following sections.

Experiment subjects

The participation in this experiment of different users,
from a beginner to an expert, enables us to have differ-
ent opinions, different reactions, as well as inconsistent
feedbacks when using the apps (Nielsen 1994). How-
ever, the number of users depends on several parameters
such as cost, time, equipment, and effort required for
the collection and analysis of data (Dumas and Redish
1999). In this study, 32 users whose age varies from 20
to 45 have participated in the experiment, including men
and women, as suggested by Nielson (1994; Nielsen and
Landauer 1993). Ten of them were novice, including
two who did not have their own smartphones, and used
those of their colleagues. A research hypothesis is that
these ten users will have difficulties during the execution
of tasks; therefore, they would spend more time in the
execution of tasks and may make errors also. There was
also a participant with disabilities: it allowed addressing
the problems related to the usability of apps by people
with limited capabilities. In addition, another partici-
pant had experience in apps development; therefore, he
has an idea about the development of mobile interfaces.
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Fig. 2 Distribution of users by age

He will be considered as an expert in this study and it is
assumed that he will perform tasks quickly with minimal
errors. As shown in Fig. 2, 96 % of the participants were
between the ages of 21 and 34, the remaining were over
the age of 35.

To determine the level of experience of participants in
the use of their smart phones, the following question was
asked: “how long have you possessed this smart phone?”
The answers range from 15 days to 3 years. Therefore,
people who own their devices for a greater length of time
manipulate their devices correctly, which helps them to
perform tasks more quickly and reliably. Figure 3 shows
the number of participants according to the period of
mobile device possession: 38.71 % of participants owned
their smart phones for less than 6 months and only
9.68 % of participants have their smart phones for more
than 2 years.

The aim of this study is to evaluate the influence of
screen size of mobile devices on the usability of apps, and
to ensure that the identified issues of usability are not
related to a very specific platform. To do that, the experi-
ment was opened to users with devices under various OS
platforms. Figure 4 shows the distribution of participants
by platform. The Android is the most used platform with
66.67 % of participants followed by iOS with 26.67 %. The
Android devices used in this study were: S4, S3, S3 Note,
S$3 mini, S2, S1, S young and Htc. Regarding iOS ones,
they were Iphone 5/5S and Iphone 4/4S in addition to
Nokia E72 and Nokia Music as Symbian devices.
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Fig. 3 Distribution of users by the possession period of mobile
devices

B Android
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Fig. 4 Distribution of users by types of OS devices

Independent and dependent variables
The experimental evaluation was based on ISO 9241-
11:1998, ISO 25062:2006. Effectiveness and efficiency will
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be measured and collected via video recordings of users
performing tasks, in the form of the objective measures
shown in Table 2. Regarding satisfaction, it is measured
subjectively through questionnaires.

+ Dependent variables the dependent variables in this
experiment are the objective and subjective measures
used for evaluating the mobile usability, see Table 2.

o Independent variables the groups of users and their
level of experience, the different mobile devices and
types of OS in addition to mobile limitations (“Using
ISO 9126 for software quality in mobile environ-
ments” section) are the main independent variables
in this experiment.

Instrumentation
Two apps were used in this empirical evaluation: (1) Google
Maps which was proposed by some participants: it is the
default GPS installed on most smart phones and (2) Google
Apps seen its popularity and diversity in all the fields.
Moreover, both apps are compatible and supported by
all types of OS and have been used in several evaluation
works on mobile usability (Hussain and Kutar 2012a, b).
The selection of tasks for each application was based on
the most frequent tasks and the most used, including
most troublesome tasks that require more concentration.

+ For Google Apps, three tasks have been created
including: sending and receiving emails, the display
and modification of an excel file in Google Docs,
and the creation of an event on Google Calendar.
Figures 5 and 6 show the execution of Google Apps
tasks on Android and iOS devices.

+ For Google Maps, the tasks include the navigation to
a specific address from the position of each user, dis-
play the required time and distance by car, by bike,
or on foot. Figures 7 and 8 show the launching of the
Google Maps on Android and iOS devices.

Also as an instrument in this experiment, the use of
two questionnaires: a General Information Question-
naire and the QUIS 7.0 for satisfaction measures, this
last has a good recognition in the field of user satisfaction
and is used in several mobile usability evaluation stud-
ies (Hussain and Kutar 2012a). The QUIS 7.0 designed
by a group of researchers in Human—-Computer Inter-
action at the University of Maryland was used to collect
the user’s opinions and to evaluate their satisfaction on
different aspects of an interface on a 9-point scale (Chin
et al. 1988). It includes the following components: a
demographic questionnaire, the evaluation of the system
satisfaction via six scales, and the measures of nine spe-
cific interface factors: screen aspects, terminology and
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Table 2 Usability Objective and Subjective measures
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Attribute Metrics Description

Effectiveness Time to learn and use
Data entry time

Tasks time

Response time

Time to install
Efficiency Number of errors
Completion rate

Satisfaction Questionnaires

Time to read the scenarios and to begin performing tasks

Time to enter the data necessary for the execution of a task

Time to accomplish given tasks

Time of having the response to the requested information

Installation time of applications or its update

Number of errors made while reading scenarios and during the task execution

The percentage of participants who correctly complete and achieve the goal of each task
The QUIS v 7.0 (“Instrumentation” section)
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system information, learning aspects, system capabili-
ties, technical user guides, online help and online tutori-
als, multimedia, conferencing, and methods of software
installation. Each interface factor has a question as a
major component followed by subcomponents questions,
each of which rated on a scale of 1-9, with significant
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Fig. 6 Sending an email on an Android device

positive adjectives on the right, other negative on the left
and NA (not applicable). The questionnaire also contains
free text boxes for each section that allows the user to list
his comments and provide feedbacks (Harper et al. 1990).

Procedure

First, a General Information Questionnaire has been
given to users in order to describe their knowledge of
both apps and their familiarization with smart phones.
Figure 9 show a screenshot of a part of this questionnaire.
According to users’ answers, they had divided equally
into two groups. Users, who have never worked with
Google Apps but have already worked with Google Maps,
were assigned to Google Maps group. This assignment is
independent of the level of mastery of each application,
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Fig. 7 Google Maps on an iOS device

in order to have a heterogeneous group of users: novice,
experienced, and expert. The same is for people who have
already worked with Google Apps; they were assigned to
the Google Apps group.

After the assignment to groups, users started install-
ing apps on their devices. All devices could connect to
internet through a Wi-Fi with the exception of four users
of both groups who had worked with 3G in order to see
the influence of the variable bandwidth limitation on the
usability. The participants had asked also to think aloud
during the experiment via the recorders of their devices
in addition to the eye-tracking technique that was used
in order to see the movement of users’ eyes when per-
forming tasks. We are interested in the way in which they
think and interact with the apps. This had allowed each
user to make his thoughts and ideas audible, which really
helps to understand what is going on in his mind dur-
ing the use of the apps. In addition, an expert user was

Fig. 8 Google Maps on an Android device

selected on the basis of more than 1 year’s experience of
using apps with the same device as in the experiment.

Different tools were used to record videos of the users’
tasks execution, such as: @screen for Android devices,
Recordable.mobi for Eye-Tracking technique (Fig. 6),
Reflector tool for iOS devices that was installed on Mac
laptop as shown in Fig. 7.

Following the execution of tasks, users fill up the QUIS
7.0 as shown in Fig. 10. This experiment led to four
deliverables for each participant: (1) recorded video, (2)
recorded voice, (3) the QUIS 7.0 filled, and (4) the data
collected. Note that we have taken the necessary permis-
sion from users to reproduce the experiment images and
their pictures in this paper.

Discussion and interpretation
This section discusses the results of the empirical valida-
tion of our framework, in particular those concerning the
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General Information Questionnaire
1-Please indicate:
Name: Kossi Messah LAYIBOU Age: 27
Gender: F@ Nationality: Togolaise Studies’ field: SI
Profession: Student Freelancer Email: alberlayibo@yahoo.com
2-Doyouhavea Smartphone?@ No
3- Are you familiar with Smartphones?@ No
4- What type of 0S do you have on your Smartphone?
ios Windows Phone Other
5- What kind of smartphone do you have?
IPhone: Samsung Galaxy: S3 Other;
6- Do you know the Google Apps applications? @ No
7- Do you have a Google Account? @ No
8-If you answered yes to question 6, what do you use the most on Google apps?
# Gmail 8 Google Docs #Google Calendar
9- Are you familiar with the Google Maps application? @ No
10-If you answered yes to question 9, what is the frequency of your use of the
app? Uncommon ®common Very common
Fig.9 General information questionnaire
Screen 123456789 NA
Characters on the computer screen hard to read X easy to read
Highlighting on the screen unhelpful X helptul
Screen layouts were help ful never X always
Sequence of screens confusing x | clear
Terminology and System Information 12 3 456789 NA
Use of terminology throughout system inconsistent X consistent
Termmology relates well to the work always X
youare doing? never
Position of messages on screen mconsistent X consistent
Messages which appear on screen confusing X clear
Computer keeps you informed about never X| always
what it is doing
Error messages unhelp ful x | helpful
Learning 123456789 NA
Fig. 10 QUIS 7.0 questionnaire

usability characteristic. The experiment report was based
on the guidelines proposed by ISO 25062:2006 as a stand-
ard method for reporting results of usability evaluation.
Table 3 presents the objective measures (Table 2)
derived from the video recordings of the execution of
tasks. Table 4 presents the subjective user-satisfaction

measures corresponding to the users’ answers to QUIS
7.0. The data analysis and graphs generation were con-
ducted by means of the Statistical Package for the Social
Sciences (SPSS) under a Microsoft environment. This
discussion is structured to answer the two questions rep-
resenting the aim of this experiment.
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Table 3 Results of objective measurements of both applications Google Maps/Google Apps

Usability metric Google Maps Google Apps

Expert Median Std. deviation Expert Median Std. deviation
Time to learn and use(s) 27 60 291.11 15 180 182.95
Time to install (s) 60 60 154.87 120 420 546.70
Response time (s) 14 14.00 49.08 70 60 199.93
Data entry time (s) 24 24 55.99 80 109 84.88
Number of errors 1 1 4.02 2 1 2.13
Tasks time (s) 126 180 480.04 150 540 585.89
Completion rate (%) 100 100 31.82 100 100 18.07
Number of voice support 0 0 0 0 0 0
Table 4 Results of subjective measurements of both applications Google Maps/Google Apps
Satisfaction measures Google Maps Google Apps

Mean Median Std. deviation Mean Median Std. deviation

Overall reaction 5.64 541 2.15 6.35 7 1.67
Screen evaluation 5.87 6 1.94 7.03 742 143
Terminology and information 561 6.08 2.08 6.39 6.83 1.64
Learning 5.64 6.25 2.01 6.91 6.75 115
Application capabilities 5.89 6.12 2.05 572 6 1.28
Usability and Ul 493 6.5 2.69 6.53 6.5 1.22
Technical manual and on-line help 4.5 4.5 242 6.27 6 212

Question 1: What are the measures that have been
impacted during the evaluation of the usability of
mobile applications?

Objective measures

Table 3 summarizes the median and the standard devia-
tion of data collected for each measure and for the six
predefined tasks of both apps as described in “Instrumen-
tation” section. In addition, data relating to the expert
were displayed in order to make the comparison. Com-
parisons are made relatively to the median because the
mean is sensitive to extreme values unlike the median,
which is less sensitive to extreme values.

According to Table 3, measures that have a large dif-
ference from the expert’s data, are Time to learn and use
and Tasks time for Google Maps, in addition to Time to
install and Data entry time concerning Google Apps.
Such a large difference may be due to:

1. There were two novice users whose period of posses-
sion of their mobiles does not exceed 1 month,

2. there was also two users who do not have smart
phones and worked on another ones, which required

more Time to learn and use, and the same for Data
entry time,

3. the two participants with Nokia smart phones who
have found difficulties during the experiment for
tasks relating to Google Maps. Therefore, they spent
more than 7 min to search on Maps which explains
the time taken to perform the tasks and the number
of committed errors, and finally.

4. the four users who worked with 3G, from where the
time spent in the installation and in the execution of
tasks.

Also, concerning Google Apps, Time to install and
Tasks time were respectively 120 as an expert value
against 420 and 150 against 540; this was due to the fact
that participants had to download and to install Google
Calendar and Google Doc on their devices. In contrast
with Google Maps, the participants had nothing to install
except an update when it has been necessary.

Figures 11 and 12 show the relationship between the
types of devices and the median of each objective meas-
ure for respectively Google Maps and Google Apps.
According to Fig. 11, Google Maps was faster on iPhone
4/5, S3 and S4 than on Nokia E72, S young S2 and Nokia
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Music more particularly in terms of Tasks time and Time
to learn and use. Figure 12 clearly shows that Google
Apps in Htc, iPhone 5S, and S3 Note was faster and bet-
ter than in S1, S2, S3 mini and S young more primarily
in terms of Time to install and Tasks time. Therefore, the
screen size, the display resolution, and the storage capac-
ity of a mobile device have a very important role in the
ease of use of a mobile application. In addition, smart
phones need so much power for a good handling and
quick response to user requests. For the Completion rate
as shown in Table 3, the median was 100 for both Google
Maps and Google Apps, which means that the major-
ity of participants were able to complete their tasks and
achieve goals, with the exception of:

+ one person who could not install all the Google Apps
applications because of the storage capacity of his
device, and.

« those with Nokia who also did not complete the tasks
of Google Maps under this type of device.

Subjective user-satisfaction measures

This section concerns results obtained by analyzing the
answers of participants to the QUIS 7.0 questionnaire.
Table 4 shows the mean, the median and the standard

deviation of subjective measures for both apps Google
Apps and Google Maps. The questionnaire answers have
been classified on a scale of 9: 9 means excellent, 6-8
means very good, 4—6 means good, 2—4 means fair and
1-2 means poor.

The overall reaction to Google Apps was very good
(median and std deviation are equals to 7 and 1.67
respectively) and higher than those of Google Maps
(median and std deviation are equals to 5.41 and 2.15
respectively) despite the ease and the simplicity of this
application. It may be due to two reasons: (1) there were
two novice users who were working with Google Maps
for the first time; (2) there were two users with Nokia E72
devices, which are characterized by a very small screen
and a limited storage capacity, which makes the use of
the different tasks very difficult and not at all obvious.

The majority of participants were satisfied with Google
Apps with a very good median value of 7 of the overall
reaction measure. So, they found Google Apps very chal-
lenging and impressive especially on large screen size
devices with high display resolution, a large memory
and a good computing power such as S3, S4, S3Note,
and iPhones. Except for one participant, he could not
perform the tasks with his own device Wing W2 (sys-
tem Android 4.2) because of the Android version that
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worked with another device. The same for Google Maps,
the median was good with a value of 5.4; this is due to
some participants who did not like the application on
their smart phones because of the screen size and low
memory as it is the case for S2, S3 mini, Nokia Music and
Nokia E72.

For the Screen, all participants gave at least 8 of 9
points to the overall reaction when they used S3, S4, S3
Note, iPhone 5, and iPhone 5 s which have large screens.
However, as shown in Fig. 13, poor and fair values for
Screen evaluation were given for Nokia E72, Nokia
Music, S young, S3 mini, and S2 which screens are too
small. Therefore, viewing and editing files for the case of
Google Apps were stressful and difficult as you have to go
in rotation mode of the screen for a better visibility and a
good display. The disabled participant was satisfied with
S3 Note as it has a large screen that allowed him to work
easily and quickly.

Regarding Learning and technical On-line help, they
had respectively median values of 6.25 and 4.5 for
Google Maps against 6.75 and 6 for Google Maps. This
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Fig. 13 Median values of the screen evaluation and the overall reac-
tion of the different types of devices
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may be explained by the non-presence of help messages
and online user manuals of the apps for certain type
of devices, particularly for Google Maps under Nokia
devices where users had to fumble for how to accomplish
the various tasks. However, these two measures have
a major role for easy and optimal use in terms of time,
since they correspond to learn how to operate the app
with help messages on the screen and online user guides.
For example, Google Apps was impossible to use under
Nokia E72 devices because of the screen size and low
memory. For Google Maps, it was very difficult to use
it under this type of devices. Therefore, the novice users
were blocked at the beginning and they took the needed
time looking how to operate this app and to become
familiar with it on their devices.

Figure 13 shows that participants were satisfied and
were very pleased with smart phones that are quick with
a large screen size and a very high resolution as S3, S4,
S3 Note, iPhone 5/5 s, unlike the other types of devices
that are very slow in addition to the screen size that was
stressful with a poor quality information display.

Whatever the simplicity of a mobile application or the
work to be done on a smartphone, all depends primarily
of its characteristics. So, despite the complexity of Google
Apps tasks compared to those of Google Maps which
have been very easy, most users have enjoyed working
with Google Apps seen the power of their devices, their
speed, and also the high-quality screen resolution.

Question 2: What are the other limitations that influ-
ence the usability of mobile applications compared to
limited user interface?

In summary, the objective measures identified by com-
paring to the expert data of both apps are: Time to install,
Time to learn and use, Tasks time and Data entry time.
Concerning the subjective measures we focused on the
Overall Reaction, the Screen Evaluation and the Techni-
cal Online Help according to the median value. Therefore,
all these measures depend on several factors as indicated
in “Using ISO 9126 for software quality in mobile envi-
ronments” section: the mobile context, the connectivity,
the data entry methods, the presence of technical online
help, the characteristics of devices especially the screen
size, the display resolution, low memory, type of key-
board, etc.

According to the mobile users involved in this experi-
ment, the screen size, the display resolution and the stor-
age capacity were the main limitations of mobile devices
that affect the usability of apps. Since, the higher the
screen resolution, the more the user has space for play-
ing games, reading text, viewing files and reports, taking
pictures and recording videos. In addition, the low stor-
age capacity of mobile devices affects also the ease of use
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of apps. This problem becomes a handicap especially for
smart phones that do not have a memory card, which
blocks the user and does not let him install some large
size apps. However, the influence of the other mobile lim-
itations such as the connectivity, the mobile context and
the data entry methods on the usability of apps must be
taken into account during the usability evaluation.

As a conclusion of this experiment, the obtained results
confirm what we have found during the application of
the framework on usability external metrics: the limited
user interface has a strong influence on the majority of
the external metrics of the usability characteristic (21
metrics of 27 metrics are influenced). Regarding limited
storage capacity, it has a weak influence (2 metrics of 27
metrics) on the usability characteristic when compared
to other ISO 9126 quality characteristics (ISO 9126-2
2001). These results are considered normal since usability
is related to the use challenges of the software product,
and these challenges depend on the difficulties encoun-
tered when the user interface is exploited.

In addition to the two hardware limitations, other
issues related to the software and to the mobile context
are presented: the absence of technical manuals and
online help, the limited and variable bandwidth of net-
works in addition to complicated data entry methods.
Therefore, mobile application designers and developers
must make available to users easy and simple interfaces
that can be used by any kind of users: novice, experienced
and experts. These applications must also be equipped
with user guides and online manuals.

Therefore, the evaluators of usability characteristic
should take these mobile limitations into consideration
by using ISO 9126 measures or by suggesting new meas-
ures for the mobile environments.

Validity evaluation

The empirical validation we have performed is limited by
a number of factors (Johnson 1998b; Petrie et al. 1998).
Threats related to the construct, to the internal and to the
external validity, are below.

Threats to construct validity

“The construct validity is a matter of judging if the treat-
ment reflects the cause construct and the outcome pro-
vides a true picture of the effect” (Dumas and Redish
1999; Nielsen and Landauer 1993). Since the objective
measures are collected through video recordings and
subjective measures via questionnaires, here the data col-
lected reflects the reality.

Threats to internal validity
Internal validity is related to the validity of the study
within the used environment and the reliability of
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obtained results. The Empirical Evaluation had per-
formed in a controlled environment, which constitutes
a threat to internal validity because users were far from
any interruptions, noise. However, users have taken a lit-
tle time to become familiar with the environment before
starting the experiment; as a result, this threat could be
minimized.

Threats to external validity

The external validity is related to the generalization of
findings. The sample of the experiment was small (32
participants) which constitute a clear threat to external
validity. Another limitation of this experiment is that
it was based on two widely used mobile applications:
Google Apps and Google Maps that were proposed by
participants. Therefore, it is difficult to generalize the
results for other mobile apps and mobile sites.

Conclusion and future work
This paper has presented an empirical evaluation of our
framework developed on the use of the software quality
standard ISO 9126 in mobile environments, especially
the effects of mobile limitations (limited user interface,
frequent disconnection, lower bandwidth, etc.) on the
usability of apps by means of ISO 25062 and ISO 9241
standards. To do this, an experiment has been conducted
by giving 32 users a set of tasks to be performed on their
devices and allowing them to think aloud while using
both Google Maps and Google Apps. The aim was to
identify and to highlight the usability issues when using
apps. In this experiment, we have collected objective
measures using a set of measures and by video record-
ings, as well as subjective measures via the QUIS 7.0
questionnaire. The results obtained were analyzed and
interpreted on the basis of the expert data, the user’s
descriptions, and devices’ characteristics. Hence, we
identified a set of challenges when using apps related to
the characteristics of the device (Hardware) such as the
screen size, the display resolution and the capacity of
memory which validate the findings of our framework. In
addition, other issues were identified which are related to
the application itself (Software) as the presence of online
help and user guides, the use of simple data entry meth-
ods, etc. Thus, owning a smart phone with a large screen
is a good thing because this screen is very convenient
and may make everything easier to use. It may serve as
an e-book reader, and it may be turned into a console to
play games easily. In addition, the problems related to the
software, as user guides and online help, must be made
available especially to novice users in order to learn how
to operate most apps.

Further research works will be initiated to carry
out this experiment in the field on the basis of a large
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sample of users, for detection of new usability issues
of apps. Thereafter, empirical evaluation should be
conducted to validate the other analytical findings,
concerning the reliability, efficiency, and functionality
characteristics.

Authors’ contributions

KM and Al developed and evaluated the framework for assessing the usability
of mobile applications. AA has participated in the analysis and the interpreta-
tion of the results of this empirical study. All authors read and approved the
final manuscript.

Author details

! Software Project Management Research Team, ENSIAS, University Moham-
med V, Rabat, Morocco. 2 Department of Software Engineering and IT, Ecole
de Technologie Supérieure, Montreal H3C IK3, Canada.

Competing interests
The authors declare that they have no competing interests.

Statement
We declare that this research was carried out according to our institution’s
guidelines.

Received: 20 December 2015 Accepted: 15 April 2016
Published online: 29 April 2016

References

Ahmadi H, Kong J (2008) Efficient web browsing on small screens. Proceed-
ings of the working conference on advanced visual interfaces (AVI'08).
ACM, New York, NY, USA, pp 23-30

Brewster S (2002) Overcoming the lack of screen space on mobile computers.
Personal Ubiquitous Comput 6:188-205

Chin JP, Diehl VA, Norman KL (1988) Development of an instrument measuring
user satisfaction of the human-computer interface. In: CHI 88 conference
proceedings: human factors in computing systems. ACM Press, New York,
pp 213-218

Cisco Visual Networking Index (2014) Global mobile data traffic forecast
update, 2012-2017. http://www.cisco.com/en/US/solutions/collateral/
Nns341/ns525/ns537/ns705/ns827/white_paper_c11-520862.html.
Accessed Nov 2014

Constantinos KC, Dan K (2007) A research agenda for mobile usability. In: Pro-
ceedings on CHI'07 extended abstracts on human factors in computing
systems, San Jose, CA, USA, pp 2345-2350

Dey AK, Salber D, Abowd GD (2001) A conceptual framework and a toolkit for
supporting the rapid prototyping of context-aware applications. Human
Comput Interact 16, pp 2-4

Dumas JS, Redish JC (1999) A practical guide to usability testing. Intellect
Book, Portland

Echtibi A, Zemerly MJ, Berri J (2009) A service-based mobile tourist advisor. Int
J Comput Inf Syst Indus Manag Appl 1, pp 177-187

Gartner Website (2014) Gartner says more than 1 billion PCs in use worldwide
and headed to 2 billion units by 2014. [Online]. http://www.gartner.com/
it/pagejsp?id=703807. Accessed Nov 2014

Geven A, Sefelin R, Tscheligi M (2006) Depth and breadth away from the desk-
top: the optimal information hierarchy for mobile use. Proceedings of the
8th conference on Human-computer interaction with mobile devices
and services (MobileHCI'06). ACM, New York, NY, USA, pp 157-164

Harper B, Slaughter L, Norman K (1990) Questionnaire administration via the
www: a validation and reliability study for a user satisfaction question-
naire. Retrieved on December 22 2002 from http://www.lap.umd.edu/
webnet/paper.html

Hussain A, Kutar M (2009) Usability metric framework for mobile phone
application. In: Proceedings of the 10th annual conference on the
convergence of telecommunications, networking and broadcasting,
Liverpool, UK


http://www.cisco.com/en/US/solutions/collateral/ns341/ns525/ns537/ns705/ns827/white_paper_c11-520862.html
http://www.cisco.com/en/US/solutions/collateral/ns341/ns525/ns537/ns705/ns827/white_paper_c11-520862.html
http://www.gartner.com/it/page.jsp?id=703807
http://www.gartner.com/it/page.jsp?id=703807
http://www.lap.umd.edu/webnet/paper.html
http://www.lap.umd.edu/webnet/paper.html

Moumane et al. SpringerPlus (2016) 5:548

Hussain A, Kutar M (2012a) Usability evaluation of SatNav application on
mobile phone using MGQOM. Int J Comput Inf Syst Ind Manag Appl
4:92-100

Hussain A, Kutar M (2012b) Apps vs devices: Can the usability of mobile apps
be decoupled from the device? IJCSI Int J Comput Sci Issues 9(3):11-16

Idri A, Moumane K, Abran A (2013) On the use of software quality standard
ISO/IEC9126 in mobile environments. In: 20th APSEC conference, Bang-
kok, pp 1-8

ISO (1998) International Standard Organization: ISO 9241-11(Guidance on
usability), International Standard: 1SO 9241-11(Guidance on usability)

ISO 9126-2 (2001) ISO TR 9126-2: Software engineering—Product quality—
Part 2: external metrics. International Organization for Standardization
(ISO), Geneva

ISO/IEC 25010-2 (2008) Systems and software engineering—Software product
quality requirements and evaluation (SQuaRE) Quality Model. ISO

ISO/IEC TR 25060 (2010) Software product quality requirements and evalu-
ation (SQuaRE)—Common industry format (CIF) for usability—general
framework for usability-related information. ISO

ISO/IEC 25062 (2006) Software engineering—software product quality
requirements and evaluation (SQuaRE)-common industry format (CIF) for
usability test reports. ISO

Johnson P (1998a) Usability and mobility; interactions on the move. In:
Proceedings of the first workshop on human-computer interaction with
mobile devices, Glasgow, Scotland, GIST Technical Report G98-1

Johnson P (1998b) Usability and mobility: interactions on the move. In:
Proceedings of the first workshop on human-computer interaction with
mobile devices

Kaikkonen A, Kekaldinen A, Cankar M, Kallio T, Kankainen A (2005) Usability
testing of mobile applications: a comparison between laboratory and
field testing. J Usability Study 1:4-16

Kim L, Albers MJ (2001) Web design issues when searching for information in
a small screen display. In: Proceedings of the 19th annual international
conference on computer documentation, Sante Fe, New Mexico, USA,
pp 193-200

Kitchenham BA et al (2002) Preliminary guidelines for empirical research in
software engineering. IEEE Trans Softw Eng 28(8):721-734

Kjeldskov J, Graham C (2003) A review of mobile HCl research methods. In:
Proceedings of the 5th international mobile HCI 2003 conference, Udine,
Italy, Springer, pp 317-335

Kjeldskov J, Stage J (2004) New techniques for usability evaluation of mobile
systems. Int J Hum Comput Stud 60:599-620

Ling C, Hwang W, Salvendy G (2006) Diversified users'satisfaction with
advanced mobile phone features. Univ Access Inf Soc 5(2):239-249

Longoria R (2001) Designing mobile applications: challenges, methodologies,
and lessons learned. In: Smith MJ, Salvenly G, Harris D, Koubek RJ (eds)
Usability evaluation and interface design: cognitive engineering, intelli-
gent agents and virtual reality. LEA, Publisher Mahwah, London, pp 91-95

MacKenzie IS, Zhang SX (1999) The design and evaluation of a high per-
formance soft keyboard. In: Proceedings of the SIGCHI conference on
human factors in computing systems: the CHI is the limit (CHI'99), May
15-20, Pittsburgh, Pennsylvania, USA, pp 25-31

Mao E, Srite M, Thatcher JB, Yaprak O (2005) A research model for mobile
phone service behaviors: empirical validation in the U.S. and Turkey. J
Glob InfTechnol Manag 8(4):7-28

Nielsen J (1994) Usability engineering. Morgan Kaufmann, London

Nielsen C (1998) Testing in the field. In: Werner B (ed) Proceedings of the third
Asia Pacific computer human interaction conference. [EEE Computer
Society, Washington

Page 15 of 15

Nielsen J, Landauer TK (1993) A mathematical model of the finding of usability
problems. In: Proceedings of the INTERCHI ‘93 conference on human fac-
tors in computing systems. I0S Press: Amsterdam

Oehl M, Sutter C, Ziefle M (2007) Considerations on efficient touch inter-
faces—how display size influences the performance in an applied
pointing task. In: Smith MJ, Salvendy G (eds) HCII 2007. LNCS, vol 4557.
Springer, Heidelberg, pp 136-143

Pascoe J, Ryan N, Morse D (2000) Using while moving: HCl issues in fieldwork
environments. Trans Comput Hum Interact 7(3):417-437

Petrie H, Johnson V, Furner S, Strothotte T (1998) Design lifecycles and
wearable computers for users with disabilities. In: Proceedings of the
first workshop on human-computer interaction with mobile devices,
Glasgow

Preece J (1993) A guide to usability: human factors in computing. Addison
Wesley, The Open University, Boston

Rakkolainen I, Vainio T (2001) 3D City Info for mobile users. Comput
Graph 25:619-625

Ryan C, Gonsalves A (2005) The effect of context and application type on
mobile usability: an empirical study. In: The proceeding of the 28th Aus-
tralasian computer science conference, Australia, 2005, pp 115-124

Sales Force Marketing Cloud (2014) Mobile behavior report: http://www.sales-
force.com/marketing-cloud/overview/, http://www.exacttarget.com/
sites/exacttarget/files/deliverables/etmc-2014mobilebehaviorreport.pdf

Schmied! G, Seidl M, Temper K (2009) Mobile phone web browsing: a study
on usage and usability of the mobile web. In: Proceedings of the 11th
international conference on human-computer interaction with mobile
devices and services (MobileHCI'09). ACM, New York, NY, USA

Sears A, Jacko JA (2000) Understanding the relation between network quality
of service and the usability of distributed multimedia documents. Hum
Comput Interact 15:43-68

Shrestha S (2007) Mobile web browsing: usability study. In: Proceedings of
the 4th international conference on mobile technology, applications,
and systems and the Tst international symposium on Computer human
interaction in mobile technology (Mobility ‘'07). ACM, New York, NY, USA,
pp 187-194

Soukoreff RW, MacKenzie IS (1995) Theoretical upper and lower bounds
on typing speed using a stylus and soft keyboard. Behav Inf Technol
14:370-379

Suzuki S, Nakao Y, Asahi T, Bellotti V, Yee N, Fukuzumi S (2009) Empirical
comparison of task completion time between mobile phone models
with matched interaction sequences. In: Jacko JA (ed) Human-Computer
Interaction, Part Ill, LNCS, vol 5612. Springer, Berlin, Heidelberg, pp
114-122

Tamminen S, Oulasvirta A, Toiskallio K, Kankainen A (2004) Understanding
mobile contexts. Spec Issue J Personal Ubiquitous Comput 8:135-143

van Elzakker C et al (2008) Field-based usability evaluation methodology for
mobile geo-applications. Cartogr J 45:139-149

Wohlin C, Runeson P, Hst M, Ohlsson MC, Regnell B, Wesslén A (2012) Experi-
mentation in software engineering: an introduction. Kluwer Academic
Publishers, Norwell

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Immediate publication on acceptance

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



http://www.salesforce.com/marketing-cloud/overview/
http://www.salesforce.com/marketing-cloud/overview/
http://www.exacttarget.com/sites/exacttarget/files/deliverables/etmc-2014mobilebehaviorreport.pdf
http://www.exacttarget.com/sites/exacttarget/files/deliverables/etmc-2014mobilebehaviorreport.pdf

	Usability evaluation of mobile applications using ISO 9241 and ISO 25062 standards
	Abstract 
	Background
	Using ISO 9126 for software quality in mobile environments
	Usability evaluation of mobile applications
	Context of use
	Usability evaluation methods and techniques

	Experiment design
	Experiment subjects
	Independent and dependent variables
	Instrumentation
	Procedure

	Discussion and interpretation
	Objective measures
	Subjective user-satisfaction measures
	Validity evaluation
	Threats to construct validity
	Threats to internal validity
	Threats to external validity


	Conclusion and future work
	Authors’ contributions
	References




