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ABSTRACT Mobile devices have become an integral part of the digital ecosystem, connecting people,
businesses, and information around the world in ways never before possible. In particular, smartphones,
tablets and other handheld devices equipped with mobile applications have changed every aspect of our
lives. Today, a user can choose from nearly five million applications available for both Android and iOS
operating systems. However, only 0.5 percent of applications succeed in the marketplace. Many factors
contribute to their failure, including poor design, lack of value, privacy violations, and usability issues.
While usability is often identified as a major concern, there seems to be no agreement between researchers
and practitioners on its nature, although many models have been developed. This paper attempts to find a
consensus by synthesizing the state of the art literature. More specifically, we aim to develop a consolidated,
universal usability model for mobile applications, through the lens of existing human computer interaction
theory. In order to achieve this goal, our study uses a mix of qualitative and quantitative methods. Overall,
the research methodology consisted of two steps. First, we conducted a systematic literature review to
identify, collect, and analyze current research on mobile usability. Second, we used the meta-analysis
approach to quantitatively describe the extracted data and summarize the findings. The PACMAD+3 model
was developed and discussed in light of the results obtained and the PACMAD model. While our model
borrows seven attributes from its ancestor, the remaining three attributes were derived from the synthesis
of other studies, along with three external factors adopted from the ISO 9241-11 standard. In addition,
we reviewed existing definitions of usability attributes. We expect that this unified approach will lead
to a better understanding of mobile usability, including all relevant attributes and factors, thus making a
significant contribution to theory. On the other hand, in practice, the PACMAD+3 model can be used to
translate abstract attributes into tangible terms, which is particularly useful in empirical research focused on
measuring and evaluating the usability of mobile applications.

INDEX TERMS Model, usability, mobile application, meta-analysis, review.

I. INTRODUCTION
Amobile application (mobile app, or simply app) is software
designed and developed specifically for use on a mobile
(wireless) device, such as a smartphone or tablet. Due to
the portability of mobile devices, onboard mobile apps have
definitely changed our lifestyles [1] and allow companies
to stay connected with their customers in real time [2].
With 6.3 billion smartphone users worldwide [3], it’s no
surprise that this industry is thriving. There are approximately
1.96 million apps available for download in the Apple App
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Store and 2.87 million apps available in the Google Play
Store [4].

Despite the ubiquity of smartphones, approximately
99.5 percent of apps simply fail [5]. Obviously, getting initial
downloads of an individual app comes with its own set
of challenges. Specifically, statistics show that 25 percent
of users abandon an app after one use [6], while almost
one in every two apps is uninstalled within 30 days of
being installed [7]. At this point, the question naturally
arises: why do some applications fail while others succeed?
Obviously, there is no one-size-fits-all answer to this ques-
tion, but there are some common factors that are known to
contribute.
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Since the majority of applications that offer nothing useful
or unique tend to be the ones that are uninstalled the most [8],
the most interesting part is the remaining part which concerns
those initially accepted but eventually rejected. Reported
reasons include issues related to intrusive ads, privacy, as well
as poor onboarding experience [9]. In fact, by giving mobile
application users the power to speak for themselves, one can
discover that usability, covering a variety of malfunctions and
issues, is among major their concerns [10], [11], [12].

The study of mobile application usability has become
a focal point for the human-computer interaction research
community, driven by the escalating global use of mobile
devices [13], [14], [15], [16], [17]. The development of
applications is a challenging task due to the different purposes
of each application and the different needs and expectations
of individual users. Given the variety of applications designed
for each specific purpose, the success of an application
depends, among other factors, on its usability [18], [19], [20],
[21], [22].

Although there are many mobile usability models and
systematic reviews, there seems to be no agreement among
researchers. Therefore, this study attempts to find a consensus
by synthesizing the state of the art literature. In other words,
our goal is to develop a consolidated usability model for
mobile applications through the lens of a combination of
qualitative review and meta-analysis.

The rest of the paper is organized as follows. In Section III,
we discuss the research background. In Section III we present
themethodology applied. In Section IVwe analyze the results
obtained. In Section V we introduce the PACMAD+3 model.
In Section VI we discuss the model in more detail, as well as
the contributions and limitations of the study. In Section VII
we conclude the study.

II. BACKGROUND
In light of the results reported by [23], the most commonly
adopted usability definition for mobile applications is ISO
9241-11, which is also considered valid in the current study.
Hence, usability is understood as the ‘‘extent to which a
system, product or service can be used by specified users
to achieve specified goals with effectiveness, efficiency and
satisfaction in a specified context of use’’ [24].
Since usability as such does not exist, the standard also

outlines two factors: user and goal. The former refers to a
person who interacts with a system, product or service, while
the latter specifies a set of activities undertaken to achieve
a specific goal. In other words, usability is materialized by
a user interacting with an application while performing a
task.

In order tomeasure and further evaluate usability, the above
standard specifies three attributes, namely:

• effectiveness: ‘‘the accuracy and completeness with
which users achieve specified goals’’;

• efficiency: ‘‘the resources expended in relation to the
accuracy and completeness with which users achieve
goals’’;

• satisfaction: ‘‘the comfort and acceptability of the work
system to its users and other people affected by its
use’’.

Last but not least, the ‘‘context of use’’ is defined as
the ‘‘characteristics of users, tasks, and organizational and
physical environments’’ [24]. It is a critical concept in
human-centered design and mobile usability studies. It refers
to the specific environment, conditions, and characteristics in
which a product, system, or interface is used. Understanding
the context of use is essential for usability design and
evaluation to be relevant and actionable.

It should be noted that there are many related terms
included in the above standard that are beyond the scope of
this study.

A. RETHINKING USABILITY
For usability practitioners, the term ‘‘usability’’ as a goal is
equivalent to quality of use [25], whichmeans that the product
is used by real and satisfied users. Therefore, usability
has two equivalent roles in development: as an imperative,
as one of the highest design goals [26], and as a general
quality measure of the interaction between a user and an
application [27].

Since the introduction of the first smartphone, usability
for mobile applications seems to have taken on a new
meaning due to certain physical limitations ofmobile devices.
Firstly, the size of a touch screen is one of the most
influential factors on user performance [28], while at the same
time being a standard input and output device. Secondly,
the battery life of mobile devices is another constraint,
as ‘‘power hungry’’ applications can quickly drain a device’s
battery [29]. Despite recent advances in battery technology,
it remains one of the biggest obstacles to the further develop-
ment of mobile devices [30]. Thirdly, mobile devices have
limited processing power and storage capacity compared
to desktop equivalents [31]. This can affect the speed
and performance of complex tasks or resource-intensive
applications.

From the perspective of software vendors, the mobility
paradigm introduces a different environment for applications,
requiring significant changes in their design and develop-
ment [32], [33]. Mobile app developers need to consider
the differences in screen sizes as more users are using
different mobile devices, including smartphones, tablets or
other portable devices [34]. In addition, a responsive design
for a smartphone may be different from one for a tablet due to
the different screen sizes and resolutions. Last but not least,
misunderstanding user expectations and neglecting usability
requirements is actually one of the most common challenges
software companies face during their mobile application
development process [35], [36], [37], [38], [39].

Therefore, usability in the context of mobile applications
needs to be reconsidered in the light of limited resources on
the one hand and different user requirements on the other,
taking into account the current body of knowledge as well as
emerging trends in ongoing research and development.
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III. METHODOLOGY
By design, our study is a mix of qualitative and quantitative
in nature. In the case of the former, we used a systematic
literature review method to identify, collect, and analyze the
current body of research devoted to mobile usability. In the
case of the latter, we used meta-analysis, a relatively new
technique in usability research, to quantitatively describe the
data and summarize the findings.

A. DATA EXTRACTION
We followed a systematic approach to collect, classify, and
analyze the current body of knowledge on mobile application
usability. First, we defined a review protocol to reduce the
possibility of bias in the selection and analysis of studies [40].
The elaborated protocol is based on a previously established
format [41] and consists of seven parts, which are discussed
individually below.

1) RESEARCH QUESTIONS
Considering the goal of the study, the following two research
questions were formulated:
RQ1 What usability models exist for mobile applications?
RQ2 Are there systematic literature reviews on the usability

of mobile applications?
RQ3 What usability attributes are identified in systematic

literature reviews of mobile applications or used to
construct usability models?

It should be noted that in order to collect as many
publications as possible, it is necessary to formulate research
questions that can cover the entire scope of this study.
Therefore, two questions were formulated because different
research methods could be used and included in the metadata
of the paper.

2) SEARCH QUERY
The search query was defined by the presence of usability
and mobile, with the AND operator between them, in titles,
abstracts and keywords. These unique keywords, combined
in this order and in this amount of metadata, broadly embody
the research topic and the adopted context to the current
studies. On the other hand, we tried to keep the scope of
the keywords narrow, because if the scope is not properly
defined, the search engine may return a lot of studies that
are not necessarily in the valid scope. Note that some initial
informal searches were done to determine the best keyword
combination.

3) DATA SOURCE
We used the online Scopus database, available at
http://scopus.com, since it provides comprehensive coverage
of peer-reviewed books, journals, conference proceedings
across many disciplines and various forms of writing [42],
both academic and non-academic [43], in total covering more
than 49 million records [44]. In addition, all data elements
in Scopus are continuously monitored and improved through
extensive quality assurance processes.

4) INCLUSION CRITERIA
Explicit inclusion criteria were established to identify a
subset of high quality papers from the results of the various
databases. The use of quality research to answer the research
questions ensures a certain level of validity of the results.
Five inclusion criteria were based on recognized approaches
to conducting SLRs [45], [46].

The adopted inclusion criteria (IC) were:
IC1 Paper is written in English.
IC2 Full text is available.
IC3 Paper is not a duplicate publication already considered.
IC4 Paper is not a demo paper.
IC5 Paper is classified to the subject area: Computer Sci-

ence, Engineering, Social Sciences, Decision Sciences,
Multidisciplinary.

The above inclusion criteria were applied as a first filter to
the results returned by the Scopus database.

5) EXCLUSION CRITERIA
Consequently, the following exclusion criteria (EC) were
defined, which supplement the first filter settings:
EC1 The paper is written in a language other than English.
EC2 The full text of the study is not available.
EC3 The study is a book or book chapter.
EC4 The study is a letter or short survey.
EC5 The study is an erratum, note, or editorial.
EC6 The study has been retracted.

The above exclusion criteria were applied as a second filter
to the results returned by the Scopus database.

6) SEARCH EXECUTION
In the first run, the online Scopus database returned 14,226
documents for the query. In the second run, the inclusion
criteria were applied to this set, which returned 11,252
documents. Finally, in the third run, the exclusion criteria
were applied, which returned a set of 10,629 documents.
Interestingly, the first five papers were published in 1995,
while the remaining 8812 (83%) have been published since
2010, with the the highest peak of 847 (8%) in 2019.

7) DATA VOLUME
The extracted volume of 10,628 documents involved four
different categories, namely: conference paper (6,450), article
(3,481), conference review (526), and review (172).

B. DATA ANALYSIS
Second, the review process consisted of four five parts,
including:
1) Search for the article by its title using one of the

keywords model, review, systematic.
2) Application of the selection criteria.
3) Quality screening and evaluation.
4) Add the positively evaluated article to the list for data

synthesis.
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5) Find and individually evaluate the set of attributes used
to build a usability model or discussed in a conducted
review.

6) Add positively evaluated attributes to the list for a new
model development.

In the first step, the titles of the papers were screened
by performing three separate searches. Each time one of
the following keywords was: model, review, or systematic.
The number of results obtained was 448, 224, and 113
respectively.

Next, each title was carefully investigated by evaluating its
declared objective, scope or application, or research method
used, or targeted audience. In this sense, the following
selection criteria (SC) were used:
SC1 A usability model is generic in nature.
SC2 A usability model is not context specific.
SC3 A usability model is not intended to evaluate the

usability of a single application or a particular type.
SC4 A review, as a noun, is used to specify the research

method.
SC5 A systematic is used as an adjective to specify the

research method.
SC6 No specific target audience is indicated.
Next, if the paper met the selection criteria, then it was

subjected to a quality review using the following seven
quality criteria (QC):
QC1 [Topic Appropriateness]: Is the paper related to the

usability of mobile applications?
QC2 [Research Objectives]: Are the goals of the research

clearly stated?
QC3 [Methodology]: Is the researchmethodology used in the

study appropriate and valid?
QC4 [Presence of Usability Model]: Is the developed or

presented usability model for mobile applications the
primary focus of the research?

QC5 [SLR Reliability and Generalizability] Did the reported
systematic literature review follow an accepted guide-
line or adopted an established SLR framework?

QC6 [Usability Attribute Internal Validity] Is the identified,
extracted, elaborated usability attribute internally valid?

QC7 [Results Conclusiveness] Are there any conclusive
results or findings possible to use to compare with other
studies?

In the fourth step, from the total number of 785 papers
screened by title, eight papers met the above quality criteria
and were finally positively classified as valid for further
analysis and synthesis. It should be noted that in our study,
synthesis involves ‘‘building a picture of the whole’’ from
studies of its parts [47]. In other words, this approach
was used to review qualitative studies and identify different
attributes of mobile usability that can be brought together in
a new model. The list of these studies is presented in Table 1.
To determine the most influential publications in the field,

articles were sorted in descending order by the average
number of citations per year, calculated by dividing the total
number of citations by the number of years since publication.

In addition, each study has been assigned a unique code,
where M stands for a model and R for a review. We believe
that such a simple measure informs the reader of the nature
of the research in an easy and accessible way.

As one can notice, the work of [48] has the highest impact
(26.59), among all other studies, also collected the highest
number of citations (452). The second place belongs to the
study of [23] (25.67), followed by [49] (11.20).
Now, considering two last quality criteria, namely QC6

and QC7, all individually extracted attributes were carefully
examined, and approved, in case of meeting the require-
ments, otherwise disapproved. The following terms, called
‘‘attributes,’’ were rejected because they actually refer to:

• guidelines such as aesthetic design, flexible input;
• heuristics such as visibility of system status, matching
between system and real world;

• mobile app features such as cancel support, undo
support, personalization;

• obscure notions such as explicit action, predictability,
information density, brevity, navigability, message qual-
ity, balance, function integration, content provision, nav-
igation and control, error management, system support,
user error prevention, training, learning performance,
interaction, Navigation, attitude, Feedback

• user interface characteristics such as prompting, leg-
ibility, font style uniformity, color uniformity, screen
readability,

• sub-attributes such as: accuracy,
Furthermore, the attributes mentioned by only one study

were not taken into account, namely: Adaptability, Accept-
ability, Comprehensibility, Intuitiveness, Safety, Privacy,
Productivity, Universality, Trustfulness
The list of positively classified attributes is presented in

Table 2. Attributes were sorted in descending order by the
number of occurrences, given in the last column (marked with
#). In addition, Table 3 shows their distribution over time.

IV. FINDINGS
Based on the extracted data already briefly discussed, nowwe
address the research questions in more detail.
[RQ1] What usability models exist for mobile applica-

tions? To this day, four usability models have been intro-
duced, developed and reported by three different research
teams.
The first model (M01), called Quality in Use Integrated

Measurement (QUIM), was developed by Seffah et al. [48].
As a rationale, the authors highlighted the limitations and
complementarities of the various standards that existed in
the contemporary literature, ultimately unifying the existing
models into a single consolidated, hierarchical usability
model. The QUIM model consists of 10 unique attributes.
In addition, two other potential attributes were suggested for
consideration in future versions of QUIM, namely portability
and adaptability. While the former refers to the ability of a
system to be displayed on different platforms, the latter refers
to the ability of a system to be adapted or to adapt itself
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TABLE 1. The list of positively classified studies (retrieved from the Scopus database on November 3, 2023).

TABLE 2. The list of positively classified usability attributes for mobile applications.

TABLE 3. Distribution of mobile application usability attributes over time.

to context and understanding. Besides, both 26 measurable
criteria and the corresponding 127 specific usability metrics
were introduced and discussed in detail. A consolidated
QUIM can also be seen as a theoretical framework, as it
provides consistent definitions of usability attributes, criteria

andmetrics, and shows the hierarchical relationships between
them. From a practical perspective, it is also intended to serve
as a guide for planning usability measurement.

The second model (M02) [49] was developed based on the
review of empirical studies devoted to the usability of mobile
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applications. According to the authors, the model is intended
to provide a practical guideline that could assist researchers
and practitioners in designing and measuring the usability of
mobile applications. While a total of 18 usability attributes
were identified, only 10 of them were included in the
model. In addition, 4 contextual factors were distinguished,
related to the user, the environment, the technology, and
the task or activity. The model contributes to both theory
and practice, as it can be used to operationalize specific
measurements used in usability testing studies, as well as to
determine which usability dimensions should be considered
when designing and measuring usability levels for mobile
applications.

The third usability model (M03), introduced by
Fabil et al. [51], is an extension of the PACMAD model [55],
consisting of 7 attributes. The development of this model was
motivated by the lack of low level metrics representing each
usability attribute. The study was carried out in four phases.
Phase one involved a comprehensive literature review to
collect relevant studies. Phase two aimed to extract usability
evaluation metrics. Phase three used the Goal-Question-
Metric (GQM) approach [56] to develop an extension of the
PACMAD model. Phase four was the empirical evaluation,
through two experiments to test the usability metrics of
applications in two different mobile applications. In this way,
the validity, effectiveness and reliability were empirically
confirmed.

The fourth usability model (M04) [53] was adopted from
the study by Ammar et al. [57], which extended the ISO/IEC
9126 standard [58]. According to the author, the rationale
is to address some of the shortcomings of existing usability
models when applied to mobile applications. Specifically,
it focuses on two characteristics: small screen size and
data entry methods. The model consists of four sub-
characteristics Learnability, Understandability, Operability
and Attractiveness, which are broken down into tree, five,
four and four usability attributes. It should be emphasised that
the model is of practical relevance and is a source of many
valuable guidelines and tips.

[RQ2] Are there systematic literature reviews on the
usability of mobile applications? The current literature
provides four reviews that have been conducted in a
systematic, reproducible and transparent manner.

The first review (R01), presented by Weichbroth [23],
posed three research questions strictly related to usability
of mobile applications, in particular definition, attributes,
measures and evaluation methods. To answer these questions,
a volume of 790 documents covering the period from 2001 to
2018 was analyzed. In terms of usability attributes, a set
of 75 usability attributes was identified. However, the
majority (51) were referenced only once, as the research
objective was to evaluate a specific feature, property, or user
perception of a selected mobile application. The remaining
(24), referenced twice or more, shows a broad perspective on
inherent qualities, so far adopted and adapted to study mobile
applications usability.

The second review (R02), written by Alturki and Gay [50].
This study delves into existing usability models, frame-
works, and guidelines that were recognized from 18 papers.
By synthesizing this body of research, the authors identified
9 usability attributes. There are several other interesting
findings. The early studies were conducted in a laboratory
setting, while the later studies were held in the field, meaning
that the testing of applications takes place under real-world
conditions. Researchers then focused on usability testing of
various applications. Next, the shift from laboratory to field
settings has fostered the development of new attributes that
were later evaluated in the case of practical applications.
The emerging attributes are related to the ease of use in the
extent of performing multiple tasks, intuitiveness, security
and application power consumption.

The third review (R03), conducted by Coursaris and
Kim [52], recognized 9 usability attributes. The findings
from the comparison of general usability andmobile usability
studies provide researchers with guidance for future research
directions. On the other hand, the research offers practitioners
insights into the aspects of technology that should be factored
into a usability evaluation of mobile applications. It is also
worth mentioning that the authors developed the usability
framework, which could actually be considered as a cause-
and-effect model. The left side includes usability attributes
surrounded by four factors (user, environment, technology,
and task), while the right side points to five consequences of
(high) usability, including: adoption, retention, loyalty, trust,
and overall satisfaction. Since such a framework undeniably
contributes to the theory of human-computer interaction,
it can be adopted to develop and test hypotheses regarding
their statistical significance for numerous different mobile
applications or mobile services.

The fourth review (R04), presented by Huang and Beny-
oucef [54], identified 22 attributes, but 14 were positively
classified. In our opinion, the authors have taken a broad
view of usability, going beyond the commonly accepted
theoretical boundaries. However, such an understanding does
not diminish the high value of the content of the study. More-
over, this comprehensive discussion also acknowledges that
usability is an important requirement in the development of
mobile applications, informing about the optimal approaches,
considering both the design and development tasks.

[RQ3] What usability attributes are identified in sys-
tematic literature reviews of mobile applications or used
to construct usability models? It is easy to see that a total
of 17 usability attributes have been identified. Unexpectedly,
Learnability is covered by all the studies analyzed. On the
other hand, it is not surprising that the next three attributes
are Efficiency, Effectiveness and Satisfaction, since the ISO
9241-11 standard has usually set theoretical boundaries.
The next attribute that contributes to mobile usability is
Usefulness. Four attributes occurred four times, namely:
Memorability, Errors, Simplicity, and Attractiveness. Fur-
thermore, there are 4 attributes (Accessibility, Operability,
Consistency, and Cognitive Load) that are mentioned by
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three studies. The remaining 4 attributes, including Aesthetic,
Understandable, Easy of Use, and Understandability, are
referenced by only two studies.

V. MODEL DEVELOPMENT
Given the input (Table 2), the bottom-up approach has been
adopted [59]. In particular, the process involves synthesizing
individual attributes that are closely related with the ultimate
goal of building up to a unified model. In this line of thinking,
further data analysis and synthesis begins with the attributes
in ascending order by number of occurrences. More specif-
ically, data synthesis involves consolidating the results of
primary studies and, when feasible or appropriate, applying
various forms of quantitative and qualitative analysis [60].
First, existing definitions of individual attributes were

compared in pairs when their meanings were found to be
more or less similar. Second, attributes were grouped into
broader categories based on commonalities and internal
relationships. These categories are inherently more abstract,
representing higher-level concepts that emerge from the
coded data. Alternatively, if an individual attribute was found
to be part of a previously unidentifiedmobile usability model,
that model was also carefully examined.

A. DATA SYNTHESIS AND GROUPING
1) UNDERSTANDABILITY
a: UNDERSTANDABILITY (A17) AND UNDERSTANDABLE
(A15)
Understandability was not defined by Weichbroth [23], but
was articulated by Ammar [53] as ‘‘the ability of the software
system to allow users to understand its application and
to easily performs tasks’’. The other related attribute is
Understandable, which is not defined by either Baharud-
din et al. [49] or Alturki and Gay [50]. Considering both the
specific and general understanding of these terms, along with
usability theory, we opt to merge the latter with the former
to form a single entity (A19), and eventually include it in our
model.

Furthermore, by confirming the validity of understandabil-
ity as a relevant usability attribute, we define it as the ability
of an application to enable a user to understand whether and
how it is suitable for particular tasks and conditions of use.

2) EASE OF USE
a: EASE OF USE (A16) AND LEARNABILITY (A1)
According to Weichbroth [23], ease of use has been
pointed out as a synonym for learnability. More specifically,
learnability is defined as the degree of ease with which a
user can interact with a newly encounteredmobile application
without getting guidance or referring to documentation. In a
broader sense, the attribute meaning is associated with the
user’s ability to learn his application [53]. In other words,
learnability refers to how easily and effectively a user can
acquire the knowledge or skills, whereas ease of use is a
separate concept, closely related to a user friendly design.
The relationship between the two can vary depending on the
context, the prior knowledge or experience of the individual,

and the design of the user interface (UI). Therefore, we do not
advocate combining these two attributes.

b: EASE OF USE (A16) AND UNDERSTANDABILITY (A17)
In general, there is a strong relationship between under-
standability and ease of use. When a mobile application
is easy to understand, it often contributes to ease of use.
Specifically, understanding how an application works, the
steps involved, and the overall logic behind its operation can
improve usability by reducing the learning curve. However,
it’s important to note that understandability alone does not
guarantee ease of use. Other factors, such as the UI design,
the clarity of instructions, also play crucial roles. While an
app may be understandable in theory but still be difficult to
use if the interface is poorly designed or if the instructions
are unclear. Thus, we are not in favor of merging Ease of Use
with Understandability.

Obviously, users are more likely to be satisfied with
an application that is intuitive, requires minimal effort to
navigate, and meets their needs efficiently. In a broader
sense, ease of use is a critical factor that influences users’
perceptions, attitudes, and intentions to adopt and use a
particular mobile technology. That said, we are in favor
of including this attribute in our model. For the sake of
clarity, we understand ease of use as the degree to which
a user perceives that using a mobile application is free of
unnecessary effort.

3) USER INTERFACE DESIGN ATTRIBUTES
During the analysis of the remaining usability attributes, it has
been spotted a group of attributes, sharing and exhibiting
similar nature, which corresponds to the design of user
interface. These attributes are:

• Aesthetic (A14). While [23] does not define Aesthetic,
for [49] it is identified with beauty and classical
expressiveness.

• Consistency (A12). While neither [23] nor [53] do not
define Consistency, for [54] consistency is to ‘‘maintain
consistent design features’’.

• Attractiveness (A9). Only [53] define Attractiveness as
‘‘the capability of the software system to be attractive to
the user’’.

• Simplicity (A8). Reference [23] defines simplicity
twofold. First, as the ‘‘degree of being easy to under-
stand’’. Therefore, this notion can be also termed as
‘‘understandability’’. Second, simplicity means ‘‘being
uncomplicated in form or design’’. Thus, simplicity is
perceived as a specific feature of the user interface.
Considering the latter view, it is also acknowledged
by [49] who argue that ‘‘minimalist design means
dialogs that contains non irrelevant information, which
also entails simplicity’’. Similarly, [54] argue to ensure
simplicity in mobile app design and features. However,
in a broader view, for [49] simplicity ‘‘comprises three
dimensions: aesthetics, information architecture and
task complexity’’.
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While we do not deny the importance of the above
mentioned attributes, we claim that they are not strictly
related to usability. Thus, we are in favor of excluding this
group from further analysis.

4) COGNITIVE LOAD
Cognitive Load (A13) was introduced by Harrison et al. [55]
as the main contribution of the PACMAD model, along
with the other usability attributes well known at the time,
including: Errors (A7),Memorability (A6), Satisfaction (A4),
Effectiveness (A3), Efficiency (A2), and Learnability (A1).
This group of attributes is further discussed in the next
section, taking into account the influence and recognition of
the PACMAD model in the global research stream on mobile
usability.

5) OPERABILITY
While neither Weichbroth [23] nor Coursaris and Kim [52]
do not define Operability (A11), for Ammar [53] it is the
‘‘capability of the software system to allow users to operate
and control it’’. There are at least three premises in favor
of considering operability as a mobile usability attribute.
Firstly, mobile devices by their very nature impose physical
limitations that affect certain user capabilities. Secondly, the
term ‘‘mobile’’ in this context refers to the mobility of the
devices themselves, i.e. mobile applications are specifically
designed and optimized for use on smartphones and tablets.
In other words, any mobile application is designed to be used
away from a fixed location. In this line of thinking, thirdly,
operability reflects its ability to adapt and be used in different
circumstances by a user.

That being said, operability also corresponds to the context
sensitivity which is understood as the degree to which
a mobile application adapts to the environment. As an
example, let’s consider the following situation. A user (driver)
is using a mobile navigation application. While driving
during the day, the road passes through a tunnel with
different lighting characteristics, which disrupts the user’s
ability to both perceive the displayed information and use
the application. In this case, operability is demonstrated
by the application’s ability to automatically change the
color mode and switch back to the previous settings when
appropriate. Obviously, there are many other examples
where the contextual sensitivity is important to maintain an
effective and user-friendly interaction. To sum up, we define
operability as the ability of the mobile application to allow
the user to operate and control it in different contexts of use.

Since the existing literature provides evidence that oper-
ability contributes to usability of mobile applications, we tend
to include this attribute in our model as well.

6) ACCESSIBILITY
For Seffah et al. [48] Accessibility (A10) is the ability of
a software product to be used by users with some form of
disability and by older people [61]. The other two studies did

not define this attribute. In addition, if we look at the list of
accessibility guidelines for mobile phones, there are several
references to users with disabilities [62]. Since our goal is
to develop a generic usability model, Accessibility is out of
scope and will not be considered anymore.

7) USEFULNESS
Usefulness (A5) was considered in two studies in the
following way:

• Seffah et al. [48]: whether a software product enables
users to solve real problems; implies practical utility;
depends on the features and functionality, reflects the
knowledge and skill level of the users while performing
some task.

• Huang and Benyoucef [54]: deliver users with useful
information or services.

Considering the above, it can be understood that usefulness
is a judgment about how relevant a particular mobile
application is in providing information about a topic of
interest to the user. On the other hand, usefulness is a
judgment about the practical value of mobile application
features. Obviously, these two terms do not correspond to
usability theory.

Furthermore, while some authors equate functionality with
usefulness [63], then others study usefulness and usability
simultaneously but still conceptualize and evaluate them
separately. Therefore, this attribute is excluded from the
analysis.

B. PACMAD MODEL
While existing models typically include three attributes
used to measure mobile usability, including effectiveness,
efficiency, and satisfaction, others are often overlooked
despite their likely impact on an application’s success or
failure in the marketplace. To fill this research gap, [55]
introduced the PACMAD (People At the Centre of Mobile
Application Development) model. The model consists of
seven attributes that together reflect the usability of a mobile
application. In addition to the three attributes mentioned
above, the remaining four are: Learnability, Memorability,
Errors and Cognitive Load.

It should be noted that its novelty lies in the conceptual-
ization of cognitive load as an attribute of mobile usability.
In their argumentation, the authors argue that unlike typical
desktop software, users of mobile applications tend to engage
in other activities, such as walking, while using their mobile
devices. For example, a user may want to send a text message
while walking, whichmay cause a reduction in walking speed
as the user focuses on composing the message, thus diverting
attention from the act of walking. For these reasons, it is
important to consider how the use of a mobile device may
affect the user’s performance in these concurrent tasks.

To the best of our knowledge, the PACMAD model
is the most widely accepted usability model for mobile
applications. According to Google Scholar, the paper has
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collected 931 citations as of the end of November 2023,
an average of more than 93 citations per year. This model
has been appreciated by many independent researchers
worldwide and makes a significant contribution to mobile
usability studies by providing a solid theoretical foundation.
It should be noted that this study is not indexed by the Scopus
database and was therefore not identified by the systematic
literature review presented and discussed in the previous
sections.

Each of the PACMAD seven attributes has been reported
to contribute to the overall usability of the application
and therefore can be further used to evaluate its usability.
Therefore, all seven attributes that constitute the PACMAD
model are also included in our model. In addition, a detailed
analysis of the literature, including recent research in the
field of usability of mobile applications, and in particular the
definition of each attribute, was compared and synthesized.

Below, we define all the usability attributes that constitute
the PACMAD model, keeping the order in which they were
originally discussed.

1) EFFECTIVENESS
Effectiveness refers to a user’s ability to successfully
complete a task within a defined context. It is typically
assessed by measuring the participant’s ability to complete
a predetermined set of tasks.

2) EFFICIENCY
Efficiency refers to a user’s ability to complete tasks quickly
and accurately. This quality represents the user’s productivity
when using the mobile application. Several metrics can be
used tomeasure efficiency, including the duration to complete
a particular task or the number of keystrokes required to
complete it.

3) SATISFACTION
Satisfaction refers to the perceived level of comfort and
pleasure the user experiences while interacting with the
mobile application. It is manifested in the user’s attitudes
toward the software and is usually subjectively assessed.
Measuring user satisfaction often relies on tools such as
questionnaires and other qualitative techniques that recognize
individual differences among users.

4) LEARNABILITY
Learnability can be understood in two dimensions. First-time
learnability assesses how easily a user can engage with a
newly encountered system without external guidance or the
need for documentation. This is measured by factors such
as the number of attempts to complete a task, the assistance
required to complete the task, and the occurrence of user
errors. On the other hand, learnability over time refers to
a user’s ability to become proficient with an application.
Typically, a user’s performance is observed over a series of
tasks to determine the time it takes to reach a predefined level
of proficiency.

5) MEMORABILITY
Memorability refers to a user’s ability to remember how to
use an application effectively. Because software use can be
inconsistent and sporadic, users need to retain the knowledge
of how to use the software without having to relearn it after
periods of inactivity. To measure memorability, participants
can first be trained to use the software and then asked to
perform similar tasks after a period of inactivity. Comparing
the results from the two instances provides an assessment of
the application’s memorability.

6) ERRORS
From a user’s perspective, errors encompass both the quantity
and type of errors and other malfunctions that occur during
the user’s task performance. On the other hand, from the
perspective of the quality of the mobile application in use,
errors denote an application’s ability to recover from such
errors when they occur. The PACMAD usability model takes
into account both the type of error and the frequency of its
occurrence. Understanding the nature of these errors prevents
their occurrence in future releases.

7) COGNITIVE LOAD
Cognitive load refers to the level of mental effort required
from a user’s working memory while using a mobile
application. Cognitive load theory distinguishes three types
of cognitive load: extraneous, intrinsic, and germane [23].
First, extraneous cognitive load refers to instructional and
presentation schemas caused by mental activities and ele-
ments that do not directly support application use. Second,
intrinsic cognitive load refers to task complexity caused by
the number of elements in a task and the degree to which these
elements are related to each other. Third, germane cognitive
load refers to the amount of mental effort required to form
schemas and actively integrate new information with prior
knowledge during application use. In practice, instruments
such as a subjective rating scale, a dual-task think aloud
protocol, or eye tracking are commonly used to measure
cognitive load.

C. PACMAD+3 MODEL
We extend the current version of the PACMAD model by
adding three attributes, namely Understandability, Ease of
Use and Operability. This results in an extended and consol-
idated usability model called PACMAD+3. Figure 1 shows
the PACMAD+3model and its relationships with the original
PACMAD model and the ISO 9241-11 standard. In addition,
three external factors are also identified, including: User, Task
and Context of Use.

From the above, the first factor is a User (person) who inter-
acts with a mobile application, and plays a central role [24].
A user can be described and profiled by collecting and using
demographic data, including: age, gender, education, marital
status, income, and employment. In addition, the user’s prior
experience is another important factor to consider for [55],
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FIGURE 1. The PACMAD+3 model.

since the quality of interaction perceived by an experienced
user and a novice user may be bipolar. On the other hand,
from an evaluation perspective, the reported issues could be
significantly different for various user profiles.

The second factor is the Task which refers to a set of
activities undertaken to achieve a specific goal [24]. The
design of the task plays a vital role in usability testing, which
aims to discover issues by a user. The testing features should
be structured in a unified tasks whose complexity designate
the minimum number of users needed to obtain meaningful
results.

The third factor is the Context of use. Here, context refers
to the environment (physical location) in which the user uses
the mobile application [55]. In a broader sense, this factor
can be understood as the combination of users, goals and
tasks, resources, and environment [24]. In usability studies,
two types of consumed resources can be considered: reusable
and expendable. The former refers to elements or components
that can be used in different parts of the application or even in
multiple applications such as address book, or photo gallery,
while the latter refers to battery consumption, network usage,
memory and CPU usage, to name a few.

VI. DISCUSSION
The results of the literature review show that mobile usability
has been modeled in a similar way. It was found that the vast
majority of existing models (including PACMAD) share four
attributes, namely: Effectiveness, Efficiency, Satisfaction and
Learnability. On the other hand, all four have been recognized
for their importance by independent reviews.

It can be argued that these four attributes together
form the cornerstone of a comprehensive framework that
underpins mobile usability. The consistent recognition of
these attributes across different models underscores their
universal relevance. As mobile technologies continue to
advance, it is expected that these fundamental principles will
continue to guide both researchers and practitioners in the
evaluation of mobile usability.

In theory, memorability refers to the user’s ability to
remember how to navigate and use the mobile application
within a given time frame. Typically assessed by asking
specific questions after a period of inactivity since the first
interaction, memorability can be evaluated by comparing
the user’s responses between the first and last encounters.
The results also show that many researchers do not consider
memorability as an important part of usability. Reference [55]
indicate that only 2 percent of studies considered memorabil-
ity as an essential attribute, while interestingly [23] reported
almost a quarter. In fact, memorability is often studied
along with other usability attributes or different factors. For
example, [64] found that learnability was correlated with
memorability. [65] investigated how composition policies
could affect the security, usability, and memorability of
gesture passwords. In addition, studying gesture variability
seems to be an interesting avenue of research, as a
good balance between memorability and security must be
found [66].

Another mobile usability attribute discussed by many
researchers is Errors [64], [67], [68]. In general, it refers
to problems that a user encounters while using mobile
applications. The detection of such problems allows the
development of preventive mechanisms to address spe-
cific user behavior. Moreover, this attribute serves as an
indicator of how skillfully users navigate through mobile
applications to achieve optimal task performance [69]. More
specifically, error frequency is a commonly used metric in
usability testing. Understanding the nature of the reported
issues leads to an improvement in the mobile application’s
performance and accuracy, particularly useful for both
designers [70] and developers [71]. On the other hand,
Errors that occur negatively impact efficiency and user
satisfaction [72].

Due to the size limitations of mobile devices and the
multiple configurations of tasks to be performed, mobile
applications are said to be particularly susceptible to the
effects of cognitive overload [73]. Therefore, several studies
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have considered Cognitive load not only as an additional
usability attribute, but as one of the primary attributes.
For example, [74] considered the complexity of gesture
interaction of older adults and the effect of cognitive load
on the acceptability of different gestures. Reference [75]
reported the ways in which mobile learning can benefit from
the development of cognitive load aware systems that can
detect and change the difficulty of the learning task based
on the learner’s cognitive state of the learner, benefiting to
mobile usability as the app user moves between different
environments and is thus exposed to different sources of
cognitive load.

The quality model described in the ISO/IEC 25010 stan-
dard includes the eight quality characteristics, includ-
ing usability, which is further subdivided into six sub-
characteristics. One of them is Operability, defined as ‘‘the
degree to which a product or system has attributes that
make it easy to operate and control’’ [76]. Many researchers
have recognized the importance of operability due to the
limited size of the screen as well as the multiple context of
the user. In fact, the numerous studies dedicated to mobile
usability evaluation have adopted this notion in an unchanged
form. For example, according to [77] the quality design of
operability has a significant impact on the usability of mobile
applications, as well as a positive effect on the perceived ease
of use [78].
Understandability has been the subject of evaluation in

many different mobile solutions [79], [80], [81]. In deter-
mining understandability, some researchers note that under-
standing is more than just comprehension; it also requires
the inclusion of context [82]. Therefore, from the user’s
perspective, understandability is the ability to comprehend
any part of a mobile application without difficulty [83],
in any possible context of use. Key considerations for testing
and evaluation include navigation, interface consistency,
clarity of information, quality of feedback, and language
and terminology used [84]. In general, all these terms fall
under the category of self-descriptiveness, indicated as a
relevant factor contributing to the development of usable
mobile applications [85], [86].

Since usability is a function of ease of use that affects
user performance and satisfaction [87], it is imperative,
especially for mobile applications, to recognize that user
experience goes beyond mere functionality. In addition to
the core attributes, a holistic approach should also consider
ease of use, which appears to be an significant determinant
of mobile technology adoption [88], [89], [90]. Regardless of
the context of use, usability remains a decisive factor in the
overall success of mobile technologies [91].
Note that compared to the QUIM, Baharuddin, and Fabil

models, the PACMAD+3 model shares four attributes,
namely: Efficiency, Effectiveness, Satisfaction, and Learn-
ability, while with Ammar model only two: Learnability and
Operability. The remaining attributes were not included after
an analysis. This indicates a partial consensus on usability
attributes for mobile applications.

Our study provides the following valuable contributions.
First, our review delivers evidence-based information on
the attributes used to model mobile usability, as well
as attributes identified by other systematic reviews. Such
knowledge brings valuable insights to ongoing research,
updating existing theory and deepening its understanding.
Second, a meta-analysis of the collected information iden-
tified an overall trend in the field of mobile usability,
revealing a consistent emphasis on effectiveness, efficiency,
satisfaction, and learnability as key factors contributing to its
measurement and evaluation. Third, further analysis inspired
us to extend the PACMAD model to include three additional
attributes, including Understandability, Ease of Use, and
Operability. With this in mind, we present the PACMAD+3
usability model, which provides a holistic view by covering
a total of ten attributes, and three external factors (User,
Context, and Task). Together, these three additional attributes
complement the PACMAD model, providing a more thor-
ough understanding of the mobile usability landscape and
serving as a conceptual framework for both researchers and
practitioners. Fourth, we reviewed existing definitions of
usability attributes and reformulated their concepts according
to the state of the art studies. The revised conceptualizations
provide a clear and coherent theoretical form, necessary to
translate abstract attributes into tangible notions. This is
particularly important in empirical research where attributes
need to be turned into specific and measurable variables.

Nevertheless, our study suffers from obvious limitations
due to the inherent traits of qualitative research. First, there
is the issue of generalizability. Since the data were extracted
from both systematic literature reviews and general usability
models, this problem was greatly mitigated by relying on
findings obtained through inductive reasoning. Second, there
is the issue of subjectivity and bias. Naturally, interpretations
of data are affected by individual perspectives, experiences,
and preconceptions. Despite efforts tomaintain rigor and neu-
trality, the subjective nature of qualitative analysis remains an
element of interpretive variability. However, the arguments
are supported by the relevant and reliable literature, as the
study followed a systematic and transparent analytical
approach in accordance with established qualitative research
guidelines. Third, there is the issue of replicability. Due to the
dynamic and context-dependent nature of the data, one can
question the ability to reproduce the research using similar
settings. In our study, since we considered an evidence-based
resource, along with detailed settings applied at each stage,
the replicability of both quantitative and qualitative findings
can be achieved.

It’s important to note that these limitations do not
necessarily make qualitative research less valuable. Rather,
we aim to highlight the concerns that might be raised about
the reported findings. Nevertheless, there is a need to validate
our model empirically, with particular focus on the three
promoted attributes. In particular, in the future research
one could test and evaluate their validity and applicability.
With the observed increased attention to mobile applications,
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especially the factors that influence user adoption, the
PACMAD+3 model can serve as a theoretical foundation
for the design and development of a research instrument.
In this sense, more empirical evidence is needed to assess the
impact of each attribute in order to inform both researchers
and practitioners about its true value from a user perspective.

VII. CONCLUSION
This study attempts to investigate mobile usability by
reviewing the current literature with the goal of developing
a comprehensive, unified, and universal model. For this
purpose, a qualitative approach was used due to the large
amount of research in this area. A systematic literature
review was conducted using bibliometric data extracted from
the Scopus database, which yielded eight papers on mobile
usability models and reviews. A research synthesis of this
input allowed us to consolidate and identify the most relevant.
In further analysis, the PACMAD model was also identified
and incorporated due to its wide adoption and use. As a result,
a new unified model consisting of ten usability attributes was
established and named PACMAD+3.

The most common goal expressed in usability studies
concerns its measurement and evaluation. We believe that
PACMAD+3 would pave the way for future researchers
wishing to conduct empirical research in this area. Consid-
ering that both new attribute names and definitions have
been introduced, there is a need to revisit existing scales,
as well as to operationalize other scales from scratch, which
together raise an interesting and valuable research avenue to
undertake. Moreover, since our model is open and generic
by nature, the other attributes can also be included, tested,
and evaluated, extending the typical scope of research by
incorporating context-specific qualities.

On the other hand, one could consider selected usability
attributes, as not every study requires such a comprehensive
approach. In fact, in mobile usability studies it is crucial to
formulate the research objectives with clarity and precision
in order to guide the study effectively. For example,
a study might prioritize the investigation of satisfaction and
understandability, tailoring the scope of the study to user
attitudes that can inform targeted improvements. Such an
approach not only reinforces the effectiveness of the study,
but also ensures that the results are directly applicable.

REFERENCES
[1] J. Pearce. (2023). 50 Years of the Mobile Revolution. Accessed:

Dec. 2, 2023. [Online]. Available: https://techinformed.com/50-years-of-
the-mobile-revolution/

[2] O. El Bahr. (2023). 6 Benefits of Having a Mobile App for
Your Business. Accessed: Dec. 2, 2023. [Online]. Available:
https://www.entrepreneur.com/growing-a-business/6-reasons-to-consider-
making-a-mobile-app-for-your-business/443863

[3] Statista. (2016). Number of Smartphone Mobile Network
Subscriptions Worldwide From 2016 To 2022, With Forecasts
From 2023 To 2028. Accessed: Dec. 2, 2023. [Online]. Available:
https://www.statista.com/statistics/330695/number-of-smartphone-users-
worldwide/

[4] L. McCormack. (2023). Mobile App Download Statistics & Usage Statis-
tics (2023). Accessed: Dec. 2, 2023. [Online]. Available: https://buildfire.
com/app-statistics/

[5] Admiral Media. (2023). Why 99,5 Percent of Consumer Apps Fail (and
How To Keep Yours Alive). Accessed: Dec. 2, 2023. [Online]. Available:
https://admiral.media/why-consumer-apps-fail-and-how-to-keep-yours-
alive/

[6] Statista. (2010). Percentage of Mobile Apps That Have Been Used
Only Once From 2010 To 2019. Accessed: Dec. 2, 2023. [Online].
Available: https://www.statista.com/statistics/271628/percentage-of-apps-
used-once-in-the-us/

[7] A. Freer. (2023). Half of Android Apps Are Uninstalled Within 30
Days After Download. Accessed: Dec. 2, 2023. [Online]. Available:
https://www.businessofapps.com/news/half-of-android-apps-are-
uninstalled-within-30-days-after-download/

[8] B. Upbin. (2013). Why People Uninstall Apps. Accessed: Dec. 2, 2023.
[Online]. Available: https://www.forbes.com/sites/ciocentral/2013/11/21/
why-people-uninstall-apps/?sh=529934db4be4

[9] D. Okunur. (2021). Why People Delete Applications From Their
Smartphones?. Accessed: Dec. 2, 2023. [Online]. Available:
https://www.sigmatelecom.com/post/why-do-people-delete-application

[10] C. Iacob, V. Veerappa, and R. Harrison, ‘‘What are you complaining about:
A study of online reviews of mobile applications,’’ in Proc. 27th Int. BCS
Human Comput. Interact. Conf., 2013, pp. 1–6.

[11] N. Genc-Nayebi and A. Abran, ‘‘A systematic literature review: Opinion
mining studies from mobile app store user reviews,’’ J. Syst. Softw.,
vol. 125, pp. 207–219, Mar. 2017.

[12] H. Ahn and E. Park, ‘‘Motivations for user satisfaction of mobile fitness
applications: An analysis of user experience based on online review
comments,’’ Humanities Social Sci. Commun., vol. 10, no. 1, pp. 1–7,
Jan. 2023.

[13] F. Balagtas-Fernandez and H. Hussmann, ‘‘A methodology and framework
to simplify usability analysis of mobile applications,’’ in Proc. IEEE/ACM
Int. Conf. Automated Softw. Eng., Nov. 2009, pp. 520–524.

[14] B. Biel, T. Grill, and V. Gruhn, ‘‘Exploring the benefits of the combination
of a software architecture analysis and a usability evaluation of a mobile
application,’’ J. Syst. Softw., vol. 83, no. 11, pp. 2031–2044, Nov. 2010.

[15] U. Sarkar, G. I. Gourley, C. R. Lyles, L. Tieu, C. Clarity, L. Newmark,
K. Singh, and D. W. Bates, ‘‘Usability of commercially available mobile
applications for diverse patients,’’ J. Gen. Internal Med., vol. 31, no. 12,
pp. 1417–1426, Dec. 2016.

[16] A. Kaya, R. Ozturk, and C. A. Gumussoy, ‘‘Usability measurement of
mobile applications with system usability scale (SUS),’’ in Industrial
Engineering in the Big Data Era, Nevsehir, Turkey. Cham, Switzerland:
Springer, 2019, pp. 389–400.

[17] Z. Huang and M. Benyoucef, ‘‘An empirical study of mobile application
usability: A unified hierarchical approach,’’ Int. J. Hum.-Comput. Interact.,
vol. 39, no. 13, pp. 2624–2643, Aug. 2023.

[18] M. Shitkova, J. Holler, T. Heide, N. Clever, and J. Becker, ‘‘Towards
usability guidelines for mobile websites and applications,’’ in Proc.
Wirtschaftsinformatik. Atlanta, GA, USA: The Association for
Information Systems, 2015, p. 107. [Online]. Available: https://aisel.
aisnet.org/wi2015/107

[19] R. Alturki and V. Gay, ‘‘Usability testing of fitness mobile application:
Methodology and quantitative results,’’ Comput. Sci. Inf. Technol, vol. 7,
no. 11, pp. 97–114, 2017.

[20] P. Ke and F. Su, ‘‘Mediating effects of user experience usability:
An empirical study on mobile library application in China,’’ Electron.
Library, vol. 36, no. 5, pp. 892–909, Nov. 2018.

[21] M. Ali Saare, A. B. Hussain, O. M. Jasim, and A. A. Mahdi, ‘‘Usability
evaluation of mobile tracking applications: A systematic review,’’ Int. J.
Interact. Mobile Technol. (iJIM), vol. 14, no. 5, pp. 119–128, Apr. 2020.

[22] M. Turner. (2013). Why Mobile Application Testing is Critical
To Success. Accessed: Dec. 3, 2023. [Online]. Available:
https://technologymagazine.com/articles/why-mobile-testing-is-critical-
to-success

[23] P. Weichbroth, ‘‘Usability of mobile applications: A systematic literature
study,’’ IEEE Access, vol. 8, pp. 55563–55577, 2020.

[24] Ergonomics of Human-system Interaction—Part 11: Usability: Defini-
tions and Concepts, Standard ISO 9241-11, 2023. [Online]. Available:
https://www.iso.org/obp/ui/#iso:std:iso:9241:-11:ed-2:v1:en

[25] M. Kurosu, ‘‘Usability, quality in use and the model of quality
characteristics,’’ inHuman-Computer Interaction: Design and Evaluation,
Los Angeles, CA, USA. Cham, Switzerland: Springer, 2015, pp. 227–237.

[26] M. H. Hoo and A. Jaafar, ‘‘An AHP-based approach in the early design
evaluation via usability goals,’’ in Advances in Visual Informatics. Cham,
Switzerland: Springer, 2013, pp. 694–706.

[27] N. Bevan, ‘‘Measuring usability as quality of use,’’ Softw. Quality J., vol. 4,
no. 2, pp. 115–130, Jun. 1995.

VOLUME 12, 2024 62389



P. Weichbroth: Usability of Mobile Applications: A Consolidated Model

[28] R. Yáñez Gómez, D. Cascado Caballero, and J.-L. Sevillano, ‘‘Heuristic
evaluation on mobile interfaces: A new checklist,’’ Scientific World J.,
vol. 2014, pp. 1–19, Jan. 2014.

[29] D. Ferreira, A. K. Dey, and V. Kostakos, ‘‘Understanding human-
smartphone concerns: A study of battery life,’’ in Pervasive Computing,
San Francisco, CA, USA. Berlin, Germany: Springer, 2011, pp. 19–33.

[30] H. Qian and D. Andresen, ‘‘Extending mobile Device’s battery life by
offloading computation to cloud,’’ in Proc. 2nd ACM Int. Conf. Mobile
Softw. Eng. Syst., May 2015, pp. 150–151.

[31] S. Al-Hawamdeh, ‘‘Usability issues and limitations of mobile devices,’’ in
Wireless Communications and Mobile Commerce. Hershey, PA, USA: IGI
Global, 2004, pp. 247–267.

[32] P. A. Silva, K. Holden, and A. Nii, ‘‘Smartphones, smart seniors,
but not-so-smart apps: A heuristic evaluation of fitness apps,’’ in
Foundations of AugmentedCognition. AdvancingHumanPerformance and
Decision-Making Through Adaptive. Cham, Switzerland: Springer, 2014,
pp. 347–358.

[33] R. H. Y. Fung, D. K. W. Chiu, E. H. T. Ko, K. K. W. Ho, and P. Lo,
‘‘Heuristic usability evaluation of University of Hong Kong Libraries’
mobile website,’’ J. Academic Librarianship, vol. 42, no. 5, pp. 581–594,
Sep. 2016.

[34] M. Tanveer, H. H. Khan,M. N.Malik, and Y. Alotaibi, ‘‘Green requirement
engineering: Towards sustainable mobile application development and
Internet of Things,’’ Sustainability, vol. 15, no. 9, p. 7569, May 2023.

[35] M. Sulek. (2021). Top 11 Challenges for Mobile Application Development.
Accessed: Dec. 2, 2023. [Online]. Available: https://crustlab.com/blog/top-
11-challenges-for-mobile-application-development/

[36] R. Szeja. (2022). 14 Biggest Challenges in Mobile App Development in
2022. Accessed: Dec. 2, 2023. [Online]. Available: https://www.netguru.
com/blog/mobile-app-challenges

[37] F. Yahya, L. B. Ammar, and G. Karim, ‘‘Usability-driven mobile
application development,’’ Comput. Syst. Sci. Eng., vol. 45, no. 3,
pp. 3165–3180, 2023.

[38] B. Alsanousi, A. S. Albesher, H. Do, and S. Ludi, ‘‘Investigating the user
experience and evaluating usability issues in AI-enabled learning mobile
apps: An analysis of user reviews,’’ Int. J. Adv. Comput. Sci. Appl., vol. 14,
no. 6, pp. 18–29, 2023.

[39] F. Liu, H. Xu, and Z. Wang, ‘‘Research on the evaluation model of
mobile application,’’ in Proc. 3rd Int. Conf. Educ., Inf. Manag. Service Sci.
Amsterdam, The Netherlands: Atlantis Press, 2023, pp. 166–174.

[40] S. Keele, ‘‘Guidelines for performing systematic literature reviews in
software engineering,’’ Keele Univ., Keele, U.K., Tech. Rep. EBSE-2007-
01, 2007.

[41] R. C. Motta, K. M. de Oliveira, and G. H. Travassos, ‘‘On challenges in
engineering IoT software systems,’’ in Proc. 32nd Brazilian Symp. Softw.
Eng., Sep. 2018, pp. 42–51.

[42] A.-W. Harzing and S. Alakangas, ‘‘Google scholar, scopus and the
web of science: A longitudinal and cross-disciplinary comparison,’’
Scientometrics, vol. 106, no. 2, pp. 787–804, Feb. 2016.

[43] U. Supriadi, T. Supriyadi, A. Abdussalam, and A. A. Rahman, ‘‘A decade
of value education model: A bibliometric study of scopus database in
2011–2020,’’ Eur. J. Educ. Res., vol. 11, no. 1, pp. 557–571, 2011.

[44] C. Khandelwal, S. Kumar, and R. Sureka, ‘‘Mapping the intellectual
structure of corporate risk reporting research: A bibliometric analysis,’’ Int.
J. Discl. Governance, vol. 19, no. 2, pp. 129–143, Jun. 2022.

[45] R. Kachouie, S. Sedighadeli, R. Khosla, andM.-T. Chu, ‘‘Socially assistive
robots in elderly care: A mixed-method systematic literature review,’’ Int.
J. Hum.-Comput. Interact., vol. 30, no. 5, pp. 369–393, May 2014.

[46] G. A. M. Vasiljevic and L. C. de Miranda, ‘‘Brain–computer interface
games based on consumer-grade EEG devices: A systematic literature
review,’’ Int. J. Hum.-Comput. Interact., vol. 36, no. 2, pp. 105–142,
Jan. 2020.

[47] E. Barnett-Page and J. Thomas, ‘‘Methods for the synthesis of qualitative
research: A critical review,’’ BMC Med. Res. Methodol., vol. 9, no. 1,
pp. 1–11, Dec. 2009.

[48] A. Seffah, M. Donyaee, R. B. Kline, and H. K. Padda, ‘‘Usability
measurement and metrics: A consolidated model,’’ Softw. Quality J.,
vol. 14, no. 2, pp. 159–178, Jun. 2006.

[49] R. Baharuddin, D. Singh, and R. Razali, ‘‘Usability dimensions for mobile
applications—A review,’’ Res. J. Appl. Sci., Eng. Technol., vol. 11, no. 9,
pp. 2225–2231, Feb. 2013.

[50] R. Alturki and V. Gay, ‘‘Usability attributes for mobile applications:
A systematic review,’’ in Recent Trends and Advances in Wireless and IoT-
Enabled Networks. Cham, Switzerland: Springer, 2019, pp. 53–62.

[51] N. B. Fabil, A. Saleh, and R. B. Isamil, ‘‘Extension of pacmad model
for usability evaluation metrics using goal question metrics (GQM)
approach,’’ J. Theor. Appl. Inf. Technol., vol. 79, no. 1, pp. 90–100, 2015.

[52] C. Coursaris and D. Kim, ‘‘A qualitative review of empirical mobile
usability studies,’’ in Proc. AMCIS, 2006, p. 352.

[53] L. B. Ammar, ‘‘A usability model for mobile applications generated with
a model-driven approach,’’ Int. J. Adv. Comput. Sci. Appl., vol. 10, no. 2,
pp. 140–146, 2019.

[54] Z. Huang and M. Benyoucef, ‘‘A systematic literature review of mobile
application usability: Addressing the design perspective,’’ Universal
Access Inf. Soc., vol. 22, no. 3, pp. 715–735, Aug. 2023.

[55] R. Harrison, D. Flood, and D. Duce, ‘‘Usability of mobile applications:
Literature review and rationale for a new usability model,’’ J. Interact. Sci.,
vol. 1, no. 1, pp. 1–16, 2013.

[56] V. R. Basili and D. M. Weiss, ‘‘A methodology for collecting valid
software engineering data,’’ IEEE Trans. Softw. Eng., vol. SE-10, no. 6,
pp. 728–738, Nov. 1984.

[57] L. B. Ammar, A. Trabelsi, and A. Mahfoudhi, ‘‘A model-driven approach
for usability engineering of interactive systems,’’ Softw. Quality J., vol. 24,
no. 2, pp. 301–335, Jun. 2016.

[58] Software Engineering, Product Quality. Part 1: Quality Model, Stan-
dard ISO/IEC 9126-1, 2001. [Online]. Available: https://www.iso.
org/standard/22749.html

[59] R. Sun, Duality of the Mind: A Bottom-Up Approach Toward Cognition.
New York, NY, USA: Psychology Press, 2001.

[60] M. van Haastrecht, I. Sarhan, B. Yigit Ozkan, M. Brinkhuis, andM. Spruit,
‘‘SYMBALS: A systematic review methodology blending active learning
and snowballing,’’ Frontiers Res. Metrics Analytics, vol. 6, May 2021,
Art. no. 685591.

[61] H. Petrie and N. Bevan, ‘‘The evaluation of accessibility, usability, and user
experience,’’ Universal Access Handbook, vol. 1, pp. 1–16, Jun. 2009.

[62] M. Ballantyne, A. Jha, A. Jacobsen, J. S. Hawker, and Y. N. El-Glaly,
‘‘Study of accessibility guidelines of mobile applications,’’ in Proc. 17th
Int. Conf. Mobile Ubiquitous Multimedia, 2018, pp. 305–315.

[63] C. Guler, ‘‘A structural equation model to examine mobile applica-
tion usability and use,’’ Bilisim Teknolojileri Dergisi, vol. 12, no. 3,
pp. 169–181, 2019.

[64] A. Saleh, R. Ismail, N. Fabil, and N. M. N. F. A. Wahid, ‘‘Measuring
usability: Importance attributesfor mobile applications,’’ Learning, vol. 14,
pp. 3–4, Jan. 2017.

[65] G. D. Clark, J. Lindqvist, and A. Oulasvirta, ‘‘Composition policies for
gesture passwords: User choice, security, usability and memorability,’’ in
Proc. IEEE Conf. Commun. Netw. Secur. (CNS), Oct. 2017, pp. 1–9.

[66] M. Sherman, G. Clark, Y. Yang, S. Sugrim, A. Modig, J. Lindqvist,
A. Oulasvirta, and T. Roos, ‘‘User-generated free-form gestures for
authentication: Security and memorability,’’ in Proc. 12th Annu. Int. Conf.
Mobile Syst., Appl., Services, 2014, pp. 176–189.

[67] D. Gupta, A. Ahlawat, and K. Sagar, ‘‘A critical analysis of a hierarchy
based usability model,’’ in Proc. Int. Conf. Contemp. Comput. Informat.
(ICI), Nov. 2014, pp. 255–260.

[68] M. S. Liew, J. Zhang, J. See, and Y. L. Ong, ‘‘Usability challenges for
health and wellness mobile apps: Mixed-methods study among mHealth
experts and consumers,’’ JMIR mHealth uHealth, vol. 7, no. 1, Jan. 2019,
Art. no. e12160.

[69] A. Sonderegger and J. Sauer, ‘‘The influence of design aesthetics in
usability testing: Effects on user performance and perceived usability,’’
Appl. Ergonom., vol. 41, no. 3, pp. 403–410, May 2010.

[70] N. Ismail, F. Ahmad, N. Kamaruddin, and R. Ibrahim, ‘‘A review on
usability issues in mobile applications,’’ IOSR J. Mobile Comput. Appl.,
vol. 3, no. 3, pp. 47–52, 2016.

[71] A. J. Desmal, S. Hamid, M. K. Othman, and A. Zolait, ‘‘Exploration of
the usability quality attributes of mobile government services: A literature
review,’’ PeerJ Comput. Sci., vol. 8, p. e1026, Jul. 2022.

[72] X. Ferre, N. Juristo, H. Windl, and L. Constantine, ‘‘Usability basics for
software developers,’’ IEEE Softw., vol. 18, no. 1, pp. 22–29, Jan. 2001.

[73] B. Karczewska, E. Kukla, P. Z. Muke, Z. Telec, and B. Trawinski,
‘‘Usability study of mobile applications with cognitive load resulting from
environmental factors,’’ in Intelligent Information and Database Systems,
Phuket, Thailand. Piscataway, NJ, USA: Springer, 2021, pp. 851–864.

[74] A. Ejaz, M. Rahim, and S. A. Khoja, ‘‘The effect of cognitive load
on gesture acceptability of older adults in mobile application,’’ in Proc.
IEEE 10th Annu. Ubiquitous Comput., Electron. Mobile Commun. Conf.
(UEMCON), Oct. 2019, pp. 0979–0986.

62390 VOLUME 12, 2024



P. Weichbroth: Usability of Mobile Applications: A Consolidated Model

[75] R. Deegan, ‘‘Complex mobile learning that adapts to learners’ cognitive
load,’’ Int. J. Mobile Blended Learn., vol. 7, no. 1, pp. 13–24, Jan. 2015.

[76] Systems and Software Engineering Systems and Software Quality
Requirements and Evaluation (square). System and Software Qual-
ity Models, Standard ISO/IEC 25010, 2011. [Online]. Available:
https://www.iso.org/standard/35733.html

[77] L. Olsina, L. Santos, and P. Lew, ‘‘Evaluating mobileapp usability: A
holistic quality approach,’’ in Web Engineering, Toulouse, France. Cham,
Switzerland: Springer, 2014, pp. 111–129.

[78] A. Amiruddin, R. Dewi, and E.Widodo, ‘‘Structural modeling for usability
attributes on technology acceptance model for smart parking mobile
application,’’ IOP Conf. Ser., Mater. Sci. Eng., vol. 1072, no. 1, 2021,
Art. no. 012024.

[79] G. Ali, M. A. Dida, and A. E. Sam, ‘‘Heuristic evaluation and usability
testing of G-MoMo applications,’’ J. Inf. Syst. Eng. Manag., vol. 7, no. 3,
p. 15751, 2022, doi: 10.55267/iadt.07.12296.

[80] M. Karsalia and R. Malik, ‘‘Evaluation of free mobile health applications
for pelvic organ prolapse and urinary incontinence,’’ Amer. J. Surg.,
vol. 223, no. 1, pp. 187–193, Jan. 2022.

[81] M. Naeem, W. Ozuem, and P. Ward, ‘‘Understanding the accessibility
of retail mobile banking during the COVID-19 pandemic,’’ Int. J. Retail
Distrib. Manag., vol. 50, no. 7, pp. 860–879, Jun. 2022.

[82] H. Allahyari and N. Lavesson, ‘‘User-oriented assessment of classification
model understandability,’’ in Proc. 11th Scandin. Conf. Artif. Intell., 2011,
pp. 1–11.

[83] K. M. Adams, ‘‘Understandability, usability, robustness and survivability,’’
in Nonfunctional Requirements in Systems Analysis and Design. Cham,
Switzerland: Springer, 2015, pp. 201–220.

[84] M. Baciková and J. Porubän, ‘‘Domain usability, user’s perception,’’ in
Human-Computer Systems Interaction: Backgrounds and Applications 3.
Cham, Switzerland: Springer, 2014, pp. 15–26.

[85] E. H. Marinho and R. F. Resende, ‘‘Quality factors in development best
practices for mobile applications,’’ in Computational Science and Its
Applications—ICCSA. Berlin, Germany: Springer, 2012, pp. 632–645.

[86] M. L. Tan, R. Prasanna, K. Stock, E. E. H. Doyle, G. Leonard, and D.
Johnston, ‘‘Understanding end-users’ perspectives: Towards developing
usability guidelines for disaster apps,’’ Prog. Disaster Sci., vol. 7,
Oct. 2020, Art. no. 100118.

[87] R. Nagpal, D. Mehrotra, and P. K. Bhatia, ‘‘Usability evaluation of website
using combined weighted method: Fuzzy AHP and entropy approach,’’ Int.
J. Syst. Assurance Eng. Manag., vol. 7, no. 4, pp. 408–417, Dec. 2016.

[88] M.-C. Hung and W.-Y. Jen, ‘‘The adoption of mobile health management
services: An empirical study,’’ J. Med. Syst., vol. 36, no. 3, pp. 1381–1388,
Jun. 2012.

[89] Y. Zhao, Q. Ni, and R. Zhou, ‘‘What factors influence the mobile health
service adoption? A meta-analysis and the moderating role of age,’’ Int. J.
Inf. Manag., vol. 43, pp. 342–350, Dec. 2018.

[90] J. Mollick, R. Cutshall, C. Changchit, and L. Pham, ‘‘Contemporary
mobile commerce: Determinants of its adoption,’’ J. Theor. Appl. Electron.
Commerce Res., vol. 18, no. 1, pp. 501–523, Mar. 2023.

[91] J. A. Al-Gasawneh, B. A. Khoja, M. A. Al-Qeed, N. M. Nusaira,
Q. Hammouri, and M. M. Anuar, ‘‘Mobile-customer relationship manage-
ment and its effect on post-purchase behavior: Themoderating of perceived
ease of use and perceived usefulness,’’ Int. J. Data Netw. Sci., vol. 6, no. 2,
pp. 439–448, 2022.

PAWEL WEICHBROTH (Member, IEEE) received
the M.A. degree in statistics from the University
of Gdańsk, Poland, in 2003, and the Ph.D. degree
in artificial intelligence from the University of
Economics in Katowice, Poland, in 2014. He is
currently an Assistant Professor with the Gdańsk
University of Technology. His research interests
include software quality, machine learning, and
knowledge management.

VOLUME 12, 2024 62391

http://dx.doi.org/10.55267/iadt.07.12296

