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ABSTRACT

Previous mobile usability studies are only pertinent in the context of ergonomics, physical user interface, and mo-
bility aspects. In addition, much of the previous mobile usability conception was built on desktop computing measure-
ments, such as desktop and web application checklists, or scarcely addressed the mobile user interface. Moreover, the
studies focus mainly on interface features for desktop applications and do not reflect comprehensive mobile interface
features such as navigation drawers and spinners. Therefore, conducting usability evaluation using conventional us-
ability measurement would result in irrelevant results. In addition, the resulting works are tailored for usability testing,
which requires highly skilled evaluators and usability specialists (e.g., usability testers and user experience designers),
who are rarely integrated into a development team. The lack of expertise could lead to unreliable usability evaluations.
This paper presents a review from industrial experts on a comprehensive and feasible usability evaluation framework
developed in our previous work. The framework is dedicated to smartphone apps, which integrate evaluator skills and
design concerns. However, there is no evidence of its usefulness in practice. Therefore, the usefulness of the frame-
work measurement for evaluating apps’ usability in the eyes of non-usability specialists is empirically assessed in this
paper through an expert review. The expert review involved eleven industrial developers and was complemented by a
semi-structured interview. The method is replicated in comparison with a framework from another study. The findings
show that the formulated framework significantly outperformed the framework (p = 0.0286) from other studies with
large effect sizes (r = 1.81) in terms of usefulness.
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1. Introduction

The user interface serves as a conduit between
human and computer interactions. The evolution of
the user interface has progressed from the command
line interface (CLI) of a console to the graphical user
interface (GUI), and later to the web user interface
and mobile user interface. The evolution of the user
interface has characterized usability dimensions dif-
ferently for mobile applications (apps). CLI requires
high memorability for competence and knowledge
of entering massive commands. On the other hand,
a GUI adopts a graphical representation for user
interaction. Thus, learnability, effectiveness, and ef-
ficiency come first in a usable application. The Web
user interface operates mostly on hypertext and mul-
timedia elements, forming the navigational system
and interconnected content. Consequently, consist-
ency, simplicity, and information architecture play
an important role in the effectiveness, efficiency, and
navigability of web applications.

Likewise, a mobile user interface is shaped by its
technological features. Physical device features and
limitations, an integrated sensor such as proximity,
tactile, or image recognition sensor, and its context
of use has introduced emergent usability properties
in characterizing the mobile usability dimension.
Additionally, the unique data entry model, such as
the use of a stylus, gestures, and the virtual key-
board, has taken place as the input device instead of
a mouse and keyboard.

Mobile applications (apps) are used on-the-go,
thus opening them to divided attention while used in
different mobility conditions (e.g., sitting, walking,
and driving). Apps offer support for a broad range of
tasks (e.g., streaming online movies, browsing infor-
mation, and performing online transactions) without
the need for a computer. However, as mobile oper-
ating systems advanced, the user interface of mobile
applications was rapidly enhanced through software
updates. The update involves logical user interfaces
(LUI) and graphical user interfaces (GUI), which
affect apps’ usability, rather than physical user inter-
faces (PUI), which affect the device’s usability. New
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features and functionalities are introduced to en-
hance the mobile user interface with constant version
updates. Interface features such as the navigation
drawer and expansion panel are used to maximize
the limited screen size. Meanwhile, snack boxes and
toasts are used to deliver a prompt visual response
when handling divided attention and mobility condi-
tions, which could result in an accidental activation.
Consequently, usability criteria such as connectivity,
relevance, and responsiveness are the highlights of
conceptualizing app usability. However, the smart-
phone is used by users of all ages with various levels
of computing background. Thus, usability criteria
such as familiarity, flexibility, and appropriateness
are also highlighted in denoting mobile usability.
The conceptualization of the mobile usability
dimension has been widely studied ""*!. Numerous
attempts have been made to characterize usability in
view of performance-based measures ', the physical

[6]

. 45 . . .
user interface **!, mobile device concerns ', usabil-

ity principles ", usability criteria '*', and interface
features '?.

This study presents a measurement for evaluating
the usability of mobile applications in the context of
integrated evaluator skills. The measurements are de-
veloped by capturing the interface features, usability
criteria, and design pattern, which augment the eval-
uation basis from multiple evaluators’ viewpoints.
The integration involves a comprehensive bridging
of the semantic gap between different abstraction
levels of usability constructs; interface features, us-
ability features, and usability criteria into one inte-
grated framework.

The remainder of this article is divided into eight
sections. Section 2 reviews the existing mobile us-
ability evaluation framework. Section 3 describes
how the framework measurement is formulated.
The resulting framework is presented in Section
4. The evaluation of the framework’s usefulness is
described in Section 5. Meanwhile, the results and
discussions, and threats to validity are discussed in
Sections 6 and 7. Finally, in Section 8, conclusions
and future studies are presented.
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2. Related works

Mobile usability evaluation methods such as field
testing and lab experiments have been introduced for
evaluating mobile applications. However, the lim-
itations and difficulties resulting from these methods
favor traditional usability evaluation methods such
as usability testing and inspection methods. Inspec-
tion methods such as heuristic evaluation (HE) gain
wide acceptance in industrial practice due to their
simplicity, low cost, and short time, with no addi-
tional equipment required. Hence, a wide variety of
heuristic evaluation methods besides Nielsen and
Molich’s ten heuristics have been developed, such
as checklist-based heuristics . Consequently, the
use of a checklist was extended to frameworks in an
effort to characterize usability. This has benefits for
usability conception, design, and evaluation purposes.

This section discusses the checklist-based frame-
works in four categories. The categories are attrib-
ute-based frameworks, integrated-based frameworks,
theoretical-based frameworks, and decision-based
frameworks. The first and third categories serve to
conceptualize the usability dimension. Meanwhile,
the second approach focuses on the interface feature,
and the last category is specific to decision-making
and prioritizing usability constructs. The frame-
work’s structural base, evaluator viewpoint, intend-
ed platform, and scope of evaluation item for each
framework concerning the aim of each literature’s
work were compared.

2.1 Attribute-based frameworks

The increasing capabilities of mobile phones have
encouraged several usability investigations to char-
acterize the usability dimension of mobile phones.
Initially, as smartphones started to emerge in 2009,
Hussain and Kutar adopted a Goal Question Metric
(GQM) approach for their framework in conceptual-
izing usability dimensions . Based on ISO 9241-11
usability criteria (effectiveness, efficiency, and satis-
faction) as usability parameters for the goal, a set of
questions was associated with each goal, in a check-
list form. The questions were further used to derive
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metrics as a performance indicator for each goal and
question. However, since mobile-specific interface
features for smartphones were just being launched
at the time, the outcome focuses more on the logical
user interface.

Further, another study by Saleh et al. ¥
ed the same approach, GQM, in constructing their
framework. In contrast to Hussain and Kutar’s ap-
proach P!, they developed a more comprehensive
set of usability criteria denoting mobile applications
(apps) by extending the PACMAD model "' as the
base of their framework structure.

Though both studies managed to conceptualize
usability, the use of the GQM approach resulted in
a metrics-oriented performance-based checklist that
scarcely acknowledges the characteristics of smart-
phones, such as screen size and interaction method,
which reflect the interface features of apps in detail.

adopt-

2.2 Integrated-based frameworks

Insufficient literature on mobile phone character-
istics concerning its interface feature has inspired the
effort of an in-depth comprehension of the mobile
interface feature. As a result, the abstraction levels
for this type of framework are realized as an organi-
zation of mobile interface features.

In addressing the comprehensive aspect of us-
ability issues on a mobile phone, Mugisha et al. ar-
ticulate their framework in view of mobile phone Ul
practitioners *'. Based on a review of usability prin-
ciples, they defined five categories of Uls tailored
for a feature phone. A pairwise comparison approach
was used in mapping the Uls to usability principles.
A checklist relevant to the Uls was developed to
match the usability principles.

As a continuation, Xu and Jonsson "* devised
their framework by determining common interface
features for tablet applications. The identified inter-
face features were grouped into three categories: Ul
input, Ul components, and UI characteristics. Each
UI, which was paired with a developed checklist,
was mapped to the usability principles based on their
effect and relationship. Though tailored for tablet
applications, and acknowledging smartphone charac-
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teristics in their work, the Uls mainly reflect desktop
and web application Uls and features such as input,
hardware, bookmarks, and headers.

2.3 Theoretical-based frameworks

The usability framework, which was developed
based on usability conceptions of principles and
criteria, mainly revolves around the effectiveness of
existing usability measurements for evaluating apps.
For example, Dubey and Rana ! acknowledged
the characteristics and features of mobile devices.
They doubt the effectiveness of existing usability
measurements on mobile phones. By hierarchically
organizing usability indicators (principles), criteria,
and properties based on a goal-mean relationship
between the parameters, they formulated a frame-
work for usability specialists to conduct an analytical
evaluation of mobile phones. While focusing on the
parameters of each abstraction level and all three cat-
egories of Uls (PUI, LUI, and GUI), their checklist
suffers from redundancy, ambiguity, confusion, and
indirectly measurable issues.

Pursuing a different approach, Gémez, Caballero,
and Sevillano formed their framework by formu-
lating a structure of heuristics and sub-heuristics,
paired with a checklist based on their semantic rela-
tions . They achieved excellent results in address-
ing mobile-specific usability issues while focusing
on LUI and GUI. Unfortunately, though they argue
for the effectiveness of a desktop-centered checklist
for evaluating apps, a portion of their checklist stems
from a web-based checklist that appears irrelevant
for apps.

Judging by the limitations of mobile devices, Fa-
tih Nayebi developed a heuristic-based framework
for app evaluation "', A set of usability criteria estab-
lished based on his review of academic and industri-
al heuristics, theories, and guidelines were assigned
to the most relevant logical groups of the reviewed
bibliographic references. Although he managed to
address the characteristics of mobile devices, the
proposed criteria were ambiguous and hardly ad-
dressed mobile interface features.

Further, arguing for the effectiveness of current

60

usability measurement for mobile applications,
Hoehle, Aljafari, and Venkatesh proposed a set of
measurements for mobile applications in view of in-
terface features based on measurement theory "*. A
content analysis approach was used to relate the con-
structs and variables. Though their work explicitly
focused on apps, the measurements were tailored for
Microsoft-based apps, and mobile interface features
are not well addressed in their work. Instead, they
emphasize aspects such as usability principles, aes-
thetics, and navigation.

2.4 Decision-based framework

The primary purpose of adopting a decision-based
framework is to determine a usable mobile applica-
tion. Lachgar and Abdelmounaim pursued an analyt-
ic hierarchy process in developing their framework.
Grounded in measurement theory, he developed
usability constructs and variables to facilitate the se-
lection of usable mobile phones ''*. Table 1 summa-
rizes the literature review.

Earlier mobile usability studies emphasized the
physical user interface. While the logical user inter-
face persists across most computing platforms, rapid
updates in smartphone technologies highlight the im-
portance of the graphical user interface, particularly
interface features. The coverage of IU studied previ-
ously conforms to the scope of Ul covered in the re-
viewed framework from the age of feature phones to
handhelds until smartphones, where PUI is scarcely
studied in recent works.

3. Formulation of framework meas-
urement

Representative definitions of usability by the
industry (i.e., ISO 9241-11 ", 1SO 9126 "") and

. 18-22
academia "%

are usually referred to most studies.
In the context of mobile usability studies, Harrison
et al. ¥ work, which extends Nielsen’s usability
conception in view of the ISO 9241-11 context, is
deemed as a comprehensive reference **. However,
neither metrics nor checklists are associated with

their work, thus leaving little support for usability
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Table 1. Literature review summary.

Types of Attribute-based Integrated-based Theoretical-based Decision-based
Framework frameworks frameworks frameworks framework
. . . , Hoehle, Aljafari | Lachgar and
Hussain and Saleh, Ismail, |Mugisha etal. |Xu and Jonsson 9] Gomez, Caballero . . 7] ’ .
Authors Kutar ™ and Fabil © 13 [14] Dubey et al. and Sevillano © Fatih Nayebi [alrzl]d Venkatesh [/?;S‘deelmounalm
Viewpoint developer developer developer developer Usabthy Non-expert Usat?lh.ty Usab.lh.t Y Non-expert
specialist specialist specialist
Conceptualise | Conceptualise B‘rldgmg B‘rldglng B.rldgmg . .. | Conceptualise B.rldgmg Select bgst
. o - different groups | different groups | different groups | Addressing mobile o different groups | alternatives
Aims of research |usability usability o o . e usability o .
. ; . ; of usability of usability of usability usability issues . ; of usability among available
dimension dimension dimension I o
constructs constructs constructs constructs usability criteria
Base structure  |1S09241-11 |PACMAD | USability Usability Usability Mobile constraints | US201tY Usability 1SO 9421-11
principles principles principles principles principles
Mapp"‘? of Apalyuc Goal Question | Goal Question | Pairwise- Pairwise- . Content Content .
abstraction levels | Hierarchy . . . . Content analysis . . Content analysis
Metric Metric comparison comparison analysis analysis
components Process
Context of use Understanding | Understanding | Prioritizing Prioritizing Correlating Correlating Correlating Correlating Decision
measurement | measurement | constructs constructs constructs constructs constructs constructs making
Explicit Explicit Consistent Consistent Thorough Thorough Thorough Thorough Consistent
Benefit measurement measurement . . construct construct construct construct .
. . . . judgement judgement . . . . . . . . judgement
interpretation | interpretation classification classification classification classification
Tunnel vision | Tunnel vision |Large number |Large number |Tunnel vision - .| Tunnel vision | Tunnel vision |Large number of
Drawback . . . . . Tunnel vision bias |, . . .
bias bias of evaluations | of evaluations | bias bias bias evaluations
Countermeasure Establishing Establishing
implemented Not applicable | Not applicable |selection selection Expert review Not applicable Not applicable | Expert review | Content rating
P criteria criteria
Platform smartphone smartphone Feature phone | Tablet Feature phone Smartphone, tablet | smartphone smartphone Handhelds
Scope LUI LUI LUIL GUI LUIL GUI PUL, LUI, GUI | LUI GUI LUIL GUI GUI PUI, LUI, GUI
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inspection.

Consequently, this study formulates a framework
for usability conception by reviewing checklist-re-
lated bibliographic references. This approach has
been demonstrated in previous studies by conduct-
ing a bibliographic search when constructing their
checklist-based framework “***. They restricted
their search scope by covering only the relevant and
most influential references. In contrast, this study ex-
haustively examined relevant bibliographic sources
for possible quality criteria denoting usability, such
as standards, guidelines, and requirements in their
work. This study reviewed requirements up to the
evaluation life cycle to obtain a comprehensive de-
scription of apps’ usability *”'. This process, howev-
er, is restricted to mobile and app-related sources.

Eleven relevant bibliographic references were
reviewed for possible usability criteria. As a result,
a collection of 572 measures was compiled. Mea-
sures irrelevant in the context of app usability were
excluded to ensure mobile-specific measurements.
Table 2 highlights the distribution of redacted mea-
sures.

Measures referring to desktop-based input devic-
es such as mouse and keyboard; web-related user
interfaces such as a link to related content, bread-
crumb, and splash screen; physical user interfaces
such as a widget, soft keys, and notification drawer;
and shared devices concern; performance-based
checklists such as task completion time, loading
time, download speed, and installation are removed
from the collection. In addition, cross-domain con-
cerns such as user experience and interaction design
are excluded from the collection of candidate check-
lists. Technical and design aspects, such as naming
convention and image size, which require coding
inspection, are also removed. Any game-specific
measure was removed due to the exceptional design
objective, which distinguishes them from general
apps such as banking, utilities, etc. ***”.

Measures specifically for the impaired user, such
as blind users, are also removed due to their excep-
tional design concerns. Conflicting measures within
the same bibliographic reference were both excluded
due to no concrete design decision. Measures refer-
ring to application purpose, e.g., “Application’s pur-

Table 2. Distribution of redacted measures.

Exclusion criteria

No. of excluded measures

Design-related measures (Ex: image size) 34
Web-specific design elements (Ex: refresh button, wish list) 15
User-impaired related measures (Ex: visually impaired) 13
Game-based measures 10
Physical user interface related measure (Ex: widget, soft keys, notification drawer) 11
Programming related measures (Ex: naming convention) 9
Performance-based measures (Ex: time taken, number of successful task) 9
Input and output devices (Ex: Desktop based input hardware, wearable) 8
Miscellaneous (Ex: conflicting measure between the same bibliographic reference, application 3
purpose, design statement or fact)

Cross-domain concern (Ex: user experience, interaction design) 4
Technical-related measures (Ex: installation, system resource) 3
Device specific features (Ex: shared device, tablet specific) 3
No. of redacted measures 127
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pose is understandable at first sight”, were excluded,
although they refer to usability criteria of under-
standability. The rationale is that the measure does
not contribute towards achieving user goals in oper-
ating an app, thus irrelevant in representing usability
for apps.

Additionally, given that the measures consist of
different forms such as usability requirements, heu-
ristics, checklists, guidelines, recommendations, and
usability problems, it is not possible to review the
bibliography in terms of quality criteria that share a
similar meaning, the same name, or both. Instead,
regardless of their original form, the measures were
rephrased into a checklist.

These measures were reviewed using a content
analysis technique to develop usability constructs for
apps. Content analysis of the measures developed
relevant emergent quality attributes and interface
features, which later resulted in a paired usability
checklist. Initially, a conceptual definition for each
usability criterion and interface feature is established.
The conceptual definitions are made as unambiguous
as possible in the context of apps. Conceptually sim-
ilar items and repeated items referring to the same
usability criteria are grouped together and rephrased
to homogenize the resulting usability checklist. In
the case of conflicting items, items that coincide with
other items are retained, and the conflicting items are
excluded from the checklist pool. Finally, the usabil-
ity criteria are examined for similarities and differ-
ences in terms of their design patterns. The usability
criteria are then grouped under conceptual units of

similar apps’ design patterns and usability features.

4. An integrated usability evaluation
framework

Characterizing usability solely on usability prin-
ciples or usability attributes suffers from a lack of
reflection on interface features in detail such as no-
tification and interaction method, which is another
aspect influencing mobile usability. On the other
hand, depending solely on the Ul component for the
evaluation would be inappropriate for measuring the
usability factor. In addition, considering apps’ short
time-to-market, where usability specialists are rarely
involved during the usability evaluation, there is a
need to support non-usability specialists in conduct-
ing reliable usability evaluations from their point of
view. These suggest a mobile usability framework
that integrates multiple evaluator viewpoints. How-
ever, this would result in different evaluation criteria,
such as interface features and usability features, in
contrast to usability specialists and developers, who
mostly view usability in terms of usability heuristics
and quality criteria. Figure 1 illustrates the concep-
tual framework.

The usability constructs are abstracted into three
tiers of abstraction levels: usability feature level,
usability criteria level, and interface feature level.
Each abstraction level of the framework denotes
a construct that consists of a group of framework
components. The framework components are paired
with the usability checklists for usability inspection.

™
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Figure 1. The conceptual framework.
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Each framework tier reflects the different viewpoints
of the usability evaluator and their level of expertise.
The identified interface feature serves as the frame-
work measurement, which formed the interface fea-
ture component for the lowest abstraction levels in
the framework. The usability criteria are tied to the
middle tier of the framework, the usability criteria
component. Components for the top abstraction lev-
els and usability features were identified by formu-
lating conceptual units with similar usability criteria.
Figure 2 illustrates the framework abstraction level.

4.1 Usability features

Usability is commonly viewed by specialists in
terms of constructs such as heuristics, principles, and
guidelines, which are generally abstract. However,
the mobile context of use, such as the interaction
and operating environment, of the application on the
intended platform has been regarded as an emergent
property that affects usability '***. Functional fea-
tures of technology have been addressed in usability
studies through design patterns ***'!. The design
pattern of app functionalities demonstrates the in-
teraction complexities of smartphone apps. In this

study, the design patterns are formulated as usability
features to meet the viewpoint of usability specialists
in conceptualizing usability as an emergent property
of app interaction complexities. Table 3 presents the
elicited usability features in this study.

The usability features level denotes a collection
of smartphone characteristics. These features are
characterized by the attributes in the usability criteria
level. It is formulated to meet the usability special-
ist’s viewpoint in conceptualizing usability as an
emergent property of app interaction complexities. It
serves as an evaluation basis for both 1) specialists
who view usability in terms of design patterns and
2) non-usability specialists, such as developers and
designers, who could benefit from understanding us-
ability in terms of design functionalities, in conduct-
ing usability evaluation.

4.2 Usability criteria

Characterizing usability solely by either usability
principles or usability attributes suffers from a lack
of reflection on interface features in detail such as
notification and interaction methods, which is anoth-
er aspect influencing mobile usability. However, on

HCI
Viewpoint

USABILITY FEATURES
Collections of smariphone characteristics
Ex: interaction, notificalion, signifiers

3

Software
Engineering
Viewpoint

=€) &

USABILITY FEATURES
—— | Collections of qualify attributes dedicated to particular
_— Smartphone Characterstics.
Ex: ease of use, prompiness, reliability

™ USABILITY
CHECKLIST

TEST APPS

3

Designer
Viewpoint

Collections of mobile-specific Ul elements, design
element, and inferaclion complexities

INTERFACE FEATURE W
Ex: colour, navigation drawer, gesfures, actions

EVALUATION ITEM

Figure 2. Framework abstraction level.

Table 3. Components of the usability features.

e F0O1 Interaction e F04 Signifiers

e F02 Notification e F0O5 Aesthetic

e F0O3 Permission e F0O6 Presentation

e F07 Navigation
e FO8 Information Architecture

e F09 Search

e F10 Data Entry
e F'11 Workflow

e F12 Selection




Journal of Computer Science Research | Volume 05 | Issue 03 | July 2023

the other hand, depending solely on the Ul compo-
nent for the evaluation would be inappropriate for
measuring the usability factor. Therefore, this study
bridged usability constructs, usability criteria, and
interface features together with usability features.

The usability criteria level consists of a collection
of usability attributes addressing the corresponding
usability feature in the top tier. It emphasizes usabil-
ity evaluation from a software engineering perspec-
tive. Table 4 lists the components of the usability
criteria.

The label next to each usability criterion denotes
the usability features they are associated with. The
usability criteria and interface features in the next
tier facilitate usability evaluation and the perception
of the evaluator in the domain of software engineer-
ing and development.

4.3 Interface features

The interface feature level defines components
that are tied to the usability criteria in the middle tier.
This level facilitates technical evaluators (e.g., ana-
lysts, designers, etc.) who perceive usability in view
of the design context approach. It evaluates usability
in view of design elements. Table 5 lists the compo-
nents of the interface features.

In the formulated framework, each usability fea-
ture is decomposed into several usability criteria (as
in a one-to-many relationship). However, a usability
criterion is tied to more than one checklist, assessing
different UI elements. Likewise, it is also possible
for the UI elements to be associated with more than
one usability criteria (as in a many-to-many relation-
ship). Table 6 exhibits the partial list of the paired
usability checklist.

Table 4. Components of the usability criteria.

e Responsiveness (FO1) e Connectivity (F03)

e Interactivity (FO1) o Flexibility (FO3)
e Playability (FO1) e Security (F03)
e Fase of Use (FO1) e Visibility (F04)
e Safety (FO1) e Discoverability (F04)
e Completeness (F02) e Consistency (F05)

e Promptness (F02) e Appropriateness (FO5)

e Readability (F06)
e Relevance (F06)

e Accessibility (F06)
e Trustworthy (F06)
e Navigability (F07)

e Complexity (F07)
e Linkage (F07)

e Conciseness (FO8)

e Structuredness (FOS8)
e Formality (FO8)

e Effectiveness (F09)
e Accuracy (F10)

e Customisation (F10)

e Operability (F11)

e Reliability (F03)

e Familiarity (FO5)

e Understandability (FO8) e Efficiency (F12)

Table 5. Components of the interface features.

@ Action

e Content

e Menus

e Layout

® Steppers
® Media

@ Action bar

® Activity bar / circle

e Button

e Color

@ Default

o Dialogue

® Expansion panels
® Gestures

@ Grid list

@ Indicator

® Icons

® Spinner
e Layout

@ Snackbars
® List

@ Switches
o Navigation drawer

@ System bar
® Picker

e Tabs
® Progress bar

o Text fields
o Slider sub-headers

o Typography
@ Sub-screen
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Table 6. Partial list of the paired usability checklist.

ili ilit Interf:
Usability Us'abl.l Yy nterface Checklist items
features criteria features
Navigation  Navigability Action bar Tabs or spinner in the top bar is used for quick view change
Navigation  Linkage Action bar Shortcut to most frequent task is provided
Notification ~ Completeness Dialogue There are at most 3 possible actions in a notification
. . . Notification is not created if it is possible for the app to recover from the error
Notification =~ Promptness Dialogue . .
without user action
Presentation  Accessibility Content Content is structurally separated from navigational elements
Presentation Relevance Action bar Unavailable action in the current context is hidden instead of disabled
Permission  Flexibility Snackbars The app allows to revert accidental activation
. . ’ k i fi in th fl
Permission Security Content User’s da'ta are kept private and safe (encrypted in the event of loss or
malfunction)
Signifiers Visibility Button The UI Buttons are visible
. . e The user interface gives visual clues if something can be used with Pinch-To-
Signifiers Discoverability ~ Gestures g g

Zoom gesture

5. Evaluating the frameworks use-
fulness

In our previous work, we validated the compre-
hensiveness of the framework components among
academicians in Malaysia’s public universities 7.
The components were refined based on the survey
responses. Subsequently, the components were
evaluated for their feasibility in real practice among
software engineering practitioners in Malaysia and
refined once again based on the survey response .
In this paper, we conducted an expert review and
a semi-structured interview to evaluate the frame-
work’s usefulness in comparison to existing usability
evaluation frameworks.

Usefulness is characterized in most usability stud-
ies as a composition of usability and as is utility ***.
Likewise, available usefulness questionnaires (e.g.,
USE and TAM) measure usefulness in the same di-
mension. The dimension includes a composition of
several usability criteria, such as ease of use, learn-
ability, and satisfaction, in addition to as-is utility.
This section demonstrates the framework’s evalua-
tion in terms of its usefulness in comparison to the
selected study.

The usability evaluation framework to be com-
pared to the one from this study was selected
through an exhaustive search of existing work on
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online databases subscribed by Universiti Putra Ma-
laysia (UPM) and accessed publications. The search
was performed using Google Scholar to review the
recently proposed checklist-based framework pub-
lished during the development of the framework in
this study. The query returned 424 results in the Eng-
lish language. Any matching results that have been
adopted in developing the framework in this study
are omitted to avoid bias. Subsequently, publication
on the checklist-based framework was filtered for
selection. The process ends with two relevant search
results. Since the work of Joseph "* is more about
usability heuristics, we have selected the work of
Thitichaimongkhol and Senivongse ©*”
son against the formulated framework.

as a compari-

Methods and material

Prior to the evaluation, the participants were giv-
en a demographic form to record their background
experience, the specifications of the smartphone used
during the evaluation, such as brand and operating
system, and their experience using apps in the domi-
nant category in the marketplace.

Evaluating the entire framework measurement
(373 checklists) from this study in comparison with
the previous work is inefficient in terms of time and
resources. Therefore, the evaluation scope covers us-
ability measurements from both sets that match the
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ISO/IEC 25010 product quality model. Although the
usability criteria corresponding to both checklist sets
for the evaluation have a different name compared
to the ISO/IEC 25010 quality criteria, the conceptu-
al definition for the corresponding usability criteria
shares the same description as the ISO/IEC 25010
usability criteria.

Three apps from different categories commonly
used by Malaysians (from survey responses in our
previous study) are selected from the Play Store.
Task analysis is performed on the apps to identify the
primary task and the interface feature associated with
each task. Usability criteria from both studies (this
study and the other) corresponding to the interface
features associated with the primary task are selected
for the heuristic walkthrough. Figure 3 exhibits an
excerpt from the identified checklist from this study,
corresponding to the usability criteria from ISO/IEC
25010 and interface features of the primary task for
Lazada apps.

Likewise, the checklist for Set 2 is prepared us-
ing the same task and interface features of the same
apps, corresponding to the same usability criteria as
in Set 1. Figure 4 exhibits an excerpt from the iden-
tified checklist from another study, corresponding to
the usability criteria from ISO/IEC 25010 and inter-

Task 1: Search for an item
1) Lookfora catfeeder.

face features of the primary task for Lazada apps.

The participants were given two sets of checklists
(76 items from the formulated framework and 39
items from the other framework), which correspond
to the ISO/IEC 25010 usability criteria and interface
features of primary tasks from selected apps. The
evaluators were required to perform a heuristic walk-
through on three apps (Google+, Viber, and Lazada)
using both checklist sets. Subsequently, they are
required to review both checklist sets. The checklist
sets are given in random order. The first evaluator is
given Set 1, followed by Set 2. Meanwhile, the next
evaluator is given Set 2, followed by Set 1.

Finally, both frameworks were rated for their
usefulness using the USE questionnaires. The eval-
uators were given two sets of USE questionnaires,
one for each framework. The questionnaire includes
30 checklist items on a 7-point Likert scale. The
scale ranges from 1 (strongly disagree) to 7 (strongly
agree). The resulting USE score was analyzed using
paired t-test to determine if there was any difference
between the compared frameworks. A post hoc test,
Cohen’s D, is used to investigate the effect size on
the significance of the compared framework. Equa-
tion (1) explains Cohen’s D measure of effect size.

2)  Ewaluate the interface involved during the process using the following checklist

CHECKLST

1)  Data entry does not require the use of both hand

4)  Avirtual keypad is provided

fingers

10) Voice assistance is provided

Evaluvation ltem: 1) Gesture
(Interaction using hand maotion. BEx: Swipe, tap, pinch)

2) The user interface take into consideration of 2 handed thumbs usage

3) The userinterface take into consideration of right handed usage

5) There is visual clues if something can be used with swipe-to-navigate
The user interface can be controlled effortlessly with swipe-to-navigate

)
7] Itis possible for user to hit anywhere in a row to select target in tabular view
)

The Ul components size are big enough to allow users to effortlessly interact with their

9]  Targetis not placed too close to each other that user can easily hit the wrong one

DESIGN CHECKLIST
COMPFPLIANCE RELEVANCE
Y N N/A Y N

Figure 3. Checklist for Set 1.



Journal of Computer Science Research | Volume 05 | Issue 03 | July 2023

Task 1: Search for an item
1) Look fora cat feeder.

2)  Ewaluate the interface involved during the process using the following checklist

CHECELST

1]

2]
48 density independent pixels)?
3)

4)

Evaluation ltem: 1) Gesture
{Interaction using hand motion. B Swipe, tap, pinch)

Are touchable objects (e.g., buttons) in the screen placed too close?

Do objects on the screen have the size that is easy to touch (about 1 x 1 centimeter or 48 x

Does the system utilize screen space appropriately when displaying information by not
using too much or too little padding or margin between elements.

Does the system provide speech-to-text to support searching?

DESIGN CHECKLIST
COMPLIANCE RELEVANCE
Y N N/A Y N

Figure 4. Checklist for Set 2.

S
512 + 55 (M
2
where, X = sample mean, S = sample standard devia-
tion.

Effect size is categorized into small, medium,
large, and very large impacts "*'. An effect size of 0.2
indicates a small magnitude of the effect. Medium
effect size ranges from 0.5 vicinities. Large effect
size ranges from 0.8. Meanwhile, a very large effect
size is indicated by values larger than, or equal to 1.3.

A semi-structured interview is conducted after
the experiment to clarify why the experts rated one
framework better than the other. The identity of each
treatment, which framework was the one from this
study, and which framework was from the previous
study were not revealed until the end. The rationale is

to have an expert’s honest opinion on the framework.

6. Results and discussions

We approached eleven industrial experts, rang-
ing from mobile developers to mobile testers and
UX designers. However, five of them repeatedly
rescheduled the dateline to complete the evaluation
and failed to complete the requested evaluation even
after more than three follow-up reminders.

Only six of the experts managed to complete the
experiment. A difference in the overall USE scores
rated by the six experts for both frameworks was
computed. However, one of them gives an unreli-
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able rating, even after reviewing the score given. It
is not feasible to set up an upfront meeting with that
expert. The expert’s background profile showed that
this expert is the only participant to select gaming
apps as the most frequently used apps. Since gaming
apps have different designs and purposes compared
to other categories of apps, the expert’s perception of
usability might skew away from the other five partic-
ipants, who were not familiar with mobile gaming.
Thus, it is reasonable that the expert gave a contra-
dictory score compared to the other participants.
Therefore, the response by this expert was excluded
from the analysis. The overall USE score collected
from each expert is analyzed to evaluate the useful-
ness of the frameworks. Table 7 exhibits the mean
differences in the overall USE score for both treat-
ments.

A paired t-test is used to determine the signif-
icance of the usefulness score with a p-value of
0.05. The distribution of the USE score differences
between both groups of experts is normally distrib-
uted, thus making it appropriate for conducting a
paired t-test. The mean indicates that the five experts
(N = 5) gave a larger USE score for the formulated
framework (mean = 180.60) compared to the other
framework (mean = 156.60). In addition, a smaller
standard deviation compared to the other framework
indicates that the USE scores among the experts
were more consistent in the formulated framework.
Table 8 exhibits the results of the paired t-test.

USE scores for the formulated framework are
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Table 7. Overall USE score for both frameworks.

Paired Samples Statistics

Mean N Std. deviation Std. error mean
Pair 1 Formulated framework USE score 180.60 5 10.991 4915
air
Previous framework USE score 156.60 5 15.143 6.772
Table 8. Results of the paired t-test.
Paired samples test
Paired differences i
— t ar Sig
Mean Std. deviation Std. error mean (1-tailed)
pair 1 Formulated framework USE score =) 55 5 573 9.066 2647 4 0286
Previous framework USE score
24 points higher (mean paired difference = 24) than  Discussions

USE scores for the previous framework. There is
enough evidence to claim that the mean USE score
given by the experts for the formulated framework is
greater than the previous framework, t (4) = 2.647, p
= 0.0286. Thus, the null hypothesis is rejected since
the p-value is less than 0.05. Figure 5 illustrates the
position of the calculated t statistic (within the H, re-
jection region), t-value, and p-value in a graph.

P-Value=0.0286

2 5
fest t=2. U’ii 7
t=2.132

Figure 5. Position of calculated t statistics.

The learning experience gained in conducting
the heuristic walkthrough using the checklist facil-
itates comprehending the framework measurement,
thus ensuring reliable scoring of the framework’s
usefulness. However, although the result presented
indicates that the USE scores of both frameworks
are unlikely to occur by chance, the magnitude of the
effect of the treatment (the formulated framework)
over the other framework is unexplained. A post
hoc test, Cohen’s D, is used to investigate the effect
size on the significance of the compared framework.
The result of 1.81 indicates a very large effect size,
implying a meaningful difference in the USE score
between both frameworks.
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The demographic distribution of the experts in-
dicates that they were the appropriate participants
to evaluate the formulated framework measurement
from the perspective of developers. Only two of the
experts are experienced usability practitioners with
seven years or more of experience in the field. Both
of them were of different genders and were using
different mobile OS. Additionally, all of the experts
are of different ages, ranging from the twenties to the
thirties and forties.

The formulated framework proved to be more
useful than the previously proposed framework. The
semi-structured interview revealed that the experts
came to a consensus, agreeing that the formulated
framework is more useful for usability evaluation
compared to the other framework. The reason lies in
the fact that the formulated framework measurement
is much simpler, Ul-oriented, and less ambiguous for
experts, both developers and usability practitioners.

Both frameworks were compared using the same
baseline measurement: the ISO/IEC 25010 product
quality model (usability component) in conjunction
with a common interface feature for the primary task
in the evaluated apps. Nevertheless, the learning
gained from experiencing the framework measure-
ment exhibits the usefulness of each framework.

The formulated framework is criticized for its
large number of checklists. However, it is not prac-
tical to inspect every available criterion. Usability
evaluation is commonly conducted based on an
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evaluation plan established beforehand, which deter-
mines the criteria to be evaluated during an inspec-
tion. The formulated framework came in handy due
to its features in supporting different backgrounds of
usability evaluators through the abstraction level. In
fact, restricting usability evaluation to usability cri-
teria of interest will eventually reduce the number of
checklists to be used during the usability evaluation.

7. Threats to validity

Threats are inevitable yet manageable in re-
search. In this section, threats to internal, external,
conclusion, and construct validity are discussed. The
selection of associated usability criteria tied to Ul
elements was determined by adopting the ISO/IEC
25010 product quality model (usability component)
as a benchmark criterion in comparing the formulat-
ed framework over previously proposed frameworks.
However, the experiment is still vulnerable to the
order effect. Thus, in replicating the experiment over
the other framework in comparison, two sets of eval-
uation plans representing the formulated framework
and the previously proposed framework were given
to the evaluator in random order.

Regarding the external threat, the respondent’s
expertise and experience in using the evaluated app
might affect the validity of the result. The respon-
dents consist of field experts from various branches
of software engineering disciplines and app develop-
ment stages with a different range of years of expe-
rience. In addition, they might use their experience
of using a particular type of app, e.g., transactional,
communication, or games, as a benchmark in scoring
UI elements. Altogether, the respondent might per-
ceive usability differently based on their background
of expertise and experience with the app, thus af-
fecting their subjective judgement. These threats are
controlled through two countermeasures. Firstly, a
conceptual definition of the evaluated interface fea-
ture was established. There is a possibility that an
interface feature is recognized by a different name
in academia and industry. For example, a drop-down
menu is well-known in desktop computing. On some
occasions, it is used as a jump menu. However, in
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mobile computing, the drop-down menu is recog-
nized as a list. In addition, the jump menu is known
as a spinner in mobile computing. Furthermore, el-
ements such as sub-screen and gesture are interface
features that are absent in desktop computing and
could be misinterpreted differently by individuals.
This necessitates a further description of a UI el-
ement’s operation or behavior in view of desktop
computing to facilitate an inexperienced evaluator in
this case. Secondly, the experiment is designed as a
repeated measure to reduce variability across partici-
pants.

The main threat to the conclusion validity of the
result is statistical power. This threat is alleviated by
applying the most common statistical test, appropri-
ate for the research design of within-subject design.
Moreover, the significance level was 5%. Hence, the
chance of a Type I error is small.

A checklist from the previous study is used in
comparison to the checklist in this study to manage
construct validity. The scores of both checklists in
measuring the ISO/IEC 25010 product quality model
(usability component) were correlated in conjunc-
tion with the use of an established questionnaire to
measure the framework’s usefulness. In addition, a
well-established usability questionnaire was care-
fully selected for this study to measure usefulness
appropriately.

8. Conclusions

This study empirically evaluates the usefulness of
an integrated usability evaluation framework through
an expert review. The framework measurement is
reviewed and compared against a framework from
another study. Both frameworks were compared
based on the ISO/EIC 25010 product quality mod-
el (usability component). Hypothesis testing was
conducted to investigate the significance and effect
size of the response from the expert review. The re-
sults of the statistical test proved that the formulated
framework had a significant and large effect size and
was more useful compared to the other framework.
In the future, we plan to improve the effectiveness of
this framework by comparing the results of using it
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in usability testing against usability inspection. The
rationale is to alleviate a possible false alarm in the
formulated framework measurement and capture the
true usability problem. Consequently, an additional
checklist could be proposed based on the usability
testing result to complement the developed usability
measurement.
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