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Abstract

Due to the intensive use of mobile devices and the variable context of use, mobile apps user
interface guidelines that take into account users’ context of use is in urgent need to provide users
with a good user experience while on the go. The objective of this paper is to propose context of
use mobile user interface design guidelines and test their applicability on the design of a mobile
version of an environmental e-government website. We collected a group of user interface design
guidelines from different sources in the literature and linked them to the appropriate context of use,
while some guidelines were linked to more than one context of use. An expert user, with no design
experience used the proposed guidelines to design the mobile app. We conducted usability tests
of the mobile app using two methods of testing: performance measurements and subjective
measurements. To perform the performance measurement, we gave nine tasks to each of the 15
users and gave two questionnaires to each user to perform the subjective measurement. The
results showed the following: the mobile app that was designed using the proposed guidelines—
which the users tested while moving between different simulated environmental conditions—
performed tasks in a similar time to the expert. This finding supports the applicability of the
proposed guidelines in terms of designing mobile apps that will provide users with a good user
experience. Thus, the proposed guidelines for designing a context-aware mobile app user interface
were useful for producing a good user experience using the mobile app.

Keywords: User Interface Design, Contextual Design, Human Computer Interaction (HCI), Context
Aware, Context of Use, Mobile User Interface Guidelines, Mobile Apps.

1. INTRODUCTION

The past couple of years have witnessed an exponential growth in the use of smart phones and
their applications for different purposes. The always-on nature of mobile phones, the ability to
communicate anytime and from anywhere, and the continuously increasing support features that
are available mean that these devices are able to provide the critical information users need in
emergencies. Mobile devices have expanded in functionality from being merely a device that dials
numbers to being a personal digital assistant. In comparison to laptop computers, they are smaller,
cheaper, and continuously improving. Furthermore, their features allow users to use take
advantage of them during many of their transactional daily activities in many areas such as learning,
services, security, and banking [1]. The mobility of telecommunications and the support of many
communication services are two distinct advantages of mobile communication devices [2].

Although one of the biggest challenges in designing a mobile version of a website is the context in

which it will be used, developers sometimes ignore the fact that users will want to interact with such
devices while on the move [3]. As mobile devices are designed to enable users to use them while
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mobile, the ability to use a website while mobile is a critical factor in its success or failure, especially
for websites that have important information and must be used accurately [3]. Some of the issues
that need to be considered when designing for small, portable devices are small screen sizes,
limited connectivity, high power consumption rates and limited input modalities [3].

Web use on a mobile device is different than Web use on a desktop computer because the goal for
designing mobile versions is to downscale the full version of a website to fit the mobile screen and
decide which content, services, and functions to keep from the desktop website [4]. The
effectiveness and benefits of mobile phone technologies has exceeded expectations, and the need
for designing mobile versions is increasing due to the fact that the different contexts of use that
occur while using them are affecting their usability [4]. Although the mobile devices and wireless
technology are being upgraded, providing a variety of functionalities, Web browsers try to solve
interaction problems that occur when small-screen devices are used to access Web pages
designed for large screens. Browsing large Web pages is not adapted for small-screen viewing and
is still very inconvenient [5]. The small display size of mobile devices limits their ability to transmit
information effectively in comparison with desktop computers regardless of the increasing quality
of displays [5]. The user interface is one of the most important parts of any program because it
determines how easily you can make the program do what you want [6]. A well-designed and usable
mobile-versions interface is critical since mobile-device interface design is more restrictive than
desktop interface design. The most challenging problems facing mobile interface designers include
[7]:

. constantly changing context of usage;

. limited user attention given to the device and application;

o mobile device user’s hands are typically occupied with other physical tasks;

o high mobility during tasks as well as the need to adopt a variety of positions and

postures; and

. interacting with devices while in motion (at high speed), driven by the external

environment.

2. CONTEXT AWARENESS

Dey and Abowd (2000) defined context as: “Context is any information that can be used to
characterize the situation of an entity. An entity is a person, place, or object that is considered
relevant to the interaction between a user and an application, including the user and applications
themselves.”

There are many types of context such as location, identity, activity (or environment), and time [8].
Context includes lighting, noise level, network connectivity, communication costs, communication
bandwidth, and even the social situation [9].

Context-awareness is often defined in relation to an application or a computational service, which
includes the ability to detect and sense or to interpret and respond to the characteristics of a user’s
local environment [10]. It is also defined as a state where the device is aware of the situation in
which it is being used [11]. Context-aware applications look at the who’s, where’s, when’s, and
what'’s of the entities and then use the information to determine why the situation is occurring [8].
This technology has gained an increasing amount of attention in recent years; it may offer solutions
to more efficient use of mobile applications and services while the increasing complexity and
growing number of features set challenges to intuitive and easy-to-use devices [11]. It has
appeared as an important and eligible feature in distributed mobile applications, which deal with
the ability of applications to exploit information about the user’s environment (context) in order to
dynamically select and execute relevant services that better match the user's needs [12].

A context-aware device can infer the use condition, and adapt its behavior according to the

circumstances [11]. Mobile handheld devices constitute an interesting platform for context-
awareness because they have been highly adopted by large user groups especially in the form of
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mobile phones [11]. They are used in different kinds of situations, different users’ preferences, and
different prioritized features [11].

Context awareness can facilitate the device’s use in demanding situations by dynamically adapting
the devices’ behavior by appropriate means [11]. In short, context-awareness aims to provide users
with better services and adapt the behavior of the device by using and handling the contextual
information.

Exploiting the changing environment with a new class of applications that are aware of the context
in which they are running is one challenge of mobile distributed computing [9].

The context of use of the mobile devices has deep effects on interaction when considering users
on the move, instead of users using devices (mobile or not) while sitting at a desk in their office or
home. These effects show at different levels [13]:

e Perceptual: there are physical parameters of the mobile user's environment, such as
illumination, noise, temperature and humidity, vibration and motion, etc., which are
extremely variable, limiting, and can exclude one or more modalities.

¢ Motor: mobile conditions can harm a user’s ability to control her/his controlled movements
or take specific attitudes (e.g., standing) that interfere with motor operation of the device
(e.g., time and errors in selecting options and the effectiveness of using writing recognition
or gesture recognition software).

e Social: even when using specific forms would be perfectly possible from a perceptual and
motor point of view, social norms related to different environments may make it impossible
or unadvisable. For example, keeping sound on at a conference is not accepted, while
looking at the device screen is accepted.

e Cognitive: unlike the office and home environments, people in mobility conditions can apply
only very limited attention to interact with applications on the device because they have to
focus on a constant flow of events and stimuli that come from the environment. Some of
these events can affect personal safety (e.g., noticing potential dangers while users are in
a street).

According to Al-Nuaim (2014), the challenges of the context-aware issues that designers face can
be categorized into three groups:

¢ the mobile device and user behavior while using it;

¢ the usability of the mobile website design; and

o the user interaction with the mobile website.

Therefore, the general needs of a context aware system are [14]:
e context acquisition: how to obtain the contextual information;
e context representation: how to organize and store the context information; and
e context use: how to use the context information in an appropriate manner.

Content adaptation is a key part in the process of designing applications because we have to adapt
the content presentation to meet the user preferences and the different capabilities and limitations
of mobile devices and wireless technologies that are used by different users [15].

A user interface designed for a mobile device is the main concern in designing applications [16].
While there has been success in developing rules to guide the design and implementation of
interfaces for desktop machines and their applications, the design of mobile device interfaces is
still relatively unexplored and unsupported [17]. Many public and private entities design mobile
apps of their websites without basing their design decisions on powerful design approaches
because there is a lack of research concerned with finding guidelines, practices, and
recommendations for designing usable mobile apps [4].
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There are many user interface design guidelines available within the literature for designing mobile
apps but they do not address or are not linked well to context of use. We need clear and easy to
apply design guidelines for mobile apps to maintain a good user experience for users when they
use their devices while on the move and in different environment conditions; especially if they use
the app in urgent situations or need critical information for their safety.

Due to the intensive use of mobile devices and the variable context of use, mobile apps user
interface guidelines that take into account users’ context of use is in urgent need to provide users
with a good user experience while on the go. The objective of this paper is to propose context of
use mobile user interface design guidelines and test their applicability on the design of a mobile
version of an e-government website (Presidency of Meteorology and Environment) in the Kingdom
of Saudi Arabia.

Due to the mobile devices properties, which differ from the desktop counterpart, such as being
small, desktop websites are altered to fit a mobile’s small screen. If they are left unaltered, this will
lead to scrolling up and down or right to left. Therefore, there is urgent need for mobile apps design
guidelines to adapt the websites within displayed mobile devices. The lack of the research in mobile
web design guidelines made it necessary to collect guidelines from the literature that can address
the context of use and design mobile apps that provide users with a good user experience while
mobile.

According to [18], there are some attributes of usability that should be considered:

1. Learnability: It refers to how easy is the website for users to accomplish basic tasks the
first time they encounter the design so that the user can rapidly start getting work quickly
with it.

2. Efficiency of use: Ease of the website means how much time and effort is required for
users to achieve their objectives when using the website.

3. Memorability: It means is it easier for the users to navigate the website next time if they
have visited the website before because of their previous experience.

4. Low Error Rate: It refers to how many errors do users make, how severe are these errors,
and how easily can they recover from the errors.

5. Subjective Satisfaction: It means how do users feel about their interaction with the
website, how much do they like using the it and will they return to the website or not.

3. CONTEXT OF USE

Mobile apps have different menu hierarchies, smaller sizes, and fewer images than their desktop
counterparts [18]. Such design choices are necessitated by the characteristics of the client device,
such as small screen size, limited input capabilities, and limited Internet connection speed, thus
potentially leading to increasing usability problems [18] [19].

The characteristics of locations where the mobile phone use may take place, such as home, work,
on the move, alone or with others may include several types of distractions like background noise,
ongoing conversations, cars and people that pass by, and so on [20]. These distractions require
the user’s visual, auditory, and/or cognitive resources, which are also necessary for the mobile
web-browsing task [20]. The competition between the task that the user will do and the distractions
may reach a point where the user's awareness, memory, and attention resources are overloaded,
thus decreasing user performance and, hence, the usability of the Web-browsing tasks [20].

Context of use must contain the characteristics of the intended users, the tasks users will perform,
and the environment in which website visitors will use the system [21].

Juha et al [22] have developed the project "Kontti — Context-aware services for mobile users". The
project was part of the "NETS Networks of the Future" research program run by the National
Technology Agency of Finland (Tekes). Kekes and VTT Information Technology financed the
project with three companies: Nokia, Radiolinja and Teamwave [22]. The results of the Kontti
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project indicated that the most promising applications for context-aware services are event guides
and professional use [22]. Further, contexts can be used for opening new communication channels
for messaging and as a mediator where any recipient can pick up a public message [22].

Jesper and Jeni [23] have outlined an ongoing research activity into the challenges of interaction
design for context-aware mobile computer systems. They have proposed the concept of indexicality
as an interesting new approach to the interaction design for this emerging class of mobile systems,
and have outlined three examples of context-aware prototype systems where this concept has
been deployed in practice and evaluated through user studies [23].

The key requirement to develop and deploy a Context Aware Mobile Government Application is
presented by Ariza Avila [14]. The Context Management application was developed using open
standards to communicate with other applications. A real scenario in Vila Nova de Cerveira was
also modeled and represented [14]. Vila Nova de Cerveira is a municipality in the district of Viana
do Castelo in Portugal. In this scenario two hundred and twenty objects were modeled including
public equipment, relationships and services [14]. They faced some challenges in the development
process such as how the context aware application must interact with the Context Manager
application [14]. One of the advantages of the researcher’s general approach is the freedom to use
the Context Manager in several ways, by modifying or creating new interaction models and by
adding different selection algorithms for object querying [14]. The researcher faced another
challenge in the deployment of the solution which was the provision of context information which is
obtained the location context dimension of mobile phones by the cell identification from the mobile
phone 56 operators [14]. The solution for the location information was to create a service that feeds
the location to the model using as a source GPS embedded in the mobile device [14].

Jonna H. [11] had studied the user interaction issues related to context-aware mobile devices by
conducting several case studies, which relate to location-awareness, information sharing and
collaboration, privacy, and end-user programming with context aware mobile applications. These
studies were used as the basis for developing design guidelines, which were then evaluated and
iterated. The revised guidelines seek to offer some tangible help to designers, who are not
necessarily specialized either in context awareness or interaction design [11]. The design
guidelines include factors related to the uncertain character of context awareness [11]. The user
maintains control over the device in any situation because an appropriate level of automation for
executing actions needs to be selected, and user control secured [11]. In relation to the
uncertainties in context recognition, user control and user’s interruptability must be balanced and
appropriate visibility to system status provided [11]. As context-awareness may generate or offer
access to large amounts of data or services, it is important also to avoid information overflow [11].
Moreover, the application design should respond to the user's needs on personalization and
privacy, and to take into account the restrictions of the social context of the use situation [11].

Oscar L. [25] provided some suggestions on interface design for mobile devices which were results
from the design process of a prototype for mobile shopping. Additionally, the evaluation of a number
of guidelines and methods for usability would show which could be used most efficiently [25]. The
tests and evaluations of the prototype provided suggestions for the improvement of the prototype
[25].

4. GUIDELINES FOR DESIGNING MOBILE APPS
According to Al-Harigy (2014), fifty nine guidelines were filtered from different user interface design
resources and collected for designing applicable mobile apps that would address ten different
contexts of use to insure good user experience while using the mobile apps, especially when the
user is not in an ideal situation. These guidelines are as follows (while the details of the sources,
justifications for using them, and the descriptions of each are explained in AlHarigy (2014)):
Guidelines (GL) 1: Analysis Guidelines

e  GL 1.1: Know your users [24]; [25]; [26].
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GL 1.2: Determine the purpose of the site / service and identify the primary goals of the
website before beginning the design process [27]; [28]; [29].

GL 1.3: Decide whether you need more than 1 mobile site [30]; [28].

GL 1.4: Quick access to the full site and back [31]; [28]; [32].

GL 1.5: Ensure the site information is up-to-date [33]; [29].

GL 1.6: Provide a functional bilingual website [33]; [34]; [35].

: Page Layout Guidelines

GL 2.1: Design for portrait layout [36].

GL 2.2: Divide the screen area into title, content, and navigation from top to bottom [36].
GL 2.3: The main content of the screen and the most important information should be
shown at the top [29]; [36]; [27]; [37].

GL 2.4: Avoid using wide elements [28]; [36].

GL 2.5: Minimize white spaces on the page [29]; [36].

GL 2.6: Elements of mobile interfaces such as names, colour schemes, and dialog
appearances should be the same as their desktop counterparts [28].

GL 2.7: Place a logo or logos in a consistent place on every page to ensure users are fully
aware they are on your website [27]; [33]; [28]; [35].

: Guidelines for Using Colors

GL 3.1: Limit the number of different colors used on a page [36].
GL 3.2: Use colors meaningfully [36].

: Simplicity and Clarity Guidelines

GL 4.1: Avoid visual noise and clutter [29]; [36].

: Consistency Guidelines

GL 5.1: Maintain consistency with the platform of use [29]; [36]; [35].
GL 5.2: Apply consistent design and layout throughout the site [36]; [35].

: Content Selection Guidelines

GL 6.1: Ensure that content is suitable for use in a mobile context [36].

GL 6.2: Provide content that is engaging, relevant, and appropriate to the audience [29]
GL 6.3: Only the most relevant and essential information should be shown [36]; [28].
GL 6.4: Use clear and simple language [36]

GL 6.5: Provide a short but descriptive page title [36]

: Visual and Interaction Design Guidelines

GL 7.1: Select the font and background color that provide sufficient contrast and would
not hamper the visibility of text or links [5]; [31]; [35]; [7].

GL 7.2: Keep fonts large to optimize the reading process [31]; [36]; [29].

GL 7.3: Organize text using sub-headings and links [36]

GL 7.4: Minimize margins [36]

GL 7.5: Avoid having too many text styles and sizes on the same page [36]

GL 7.6: Organize documents so they are readable without requiring an associated style
sheet [29]

GL 7.7: Ensure that text highlighting techniques are not confusable with static contents
and links [36]

: Guidelines for Using Images and Icons (Graphics)

GL 8.1: Minimize the use of images [38]; [28]; [27]; [39]; [40]; [41].

GL 8.2: Avoid using large or high resolution images [36]

GL 8.3: Handheld mobile device’s icon design should be as direct, simple and unique as
possible [7]; [38].

GL 8.4: Icon color design cannot use more than five kinds of colors [7]

GL 8.5: For touch phones, leave generous amounts of space around widgets such as
radio buttons, arrows for dropdown boxes, checkboxes, scrollbars, and links [28]; [42].

: Guidelines for Using Tables

GL 9.1: Do not use tables unless the device is known to support them [36]
GL 9.2: The table width and height should not exceed the display width and height [36]

GL 10: Site Navigation Design Guidelines
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GL 10.1: Provide consistent navigation mechanisms [36]
GL 10.2: Keep the number of levels in a hierarchical structure few in number (Use a flat
hierarchy) [36]; [43].
e GL 10.3: Use links to the main screen and do not repeat the navigation on every page
[36]; [32]; [44].
GL 10.4: Use the “back” command [36]; [37].
GL 10.5: Balance the choice between scrolling and paging [36].
GL 10.6: Limit scrolling to one direction [31]; [36]; [44]; [39].
GL 10.7: Minimize the amount of scrolling [31]; [36]; [29]; [45].
GL 10.8: Limit navigation options and keep them direct [31]
GL 11: Guidelines for Managing Hyperlinks
e  GL 11.1: Use text for links rather than images where possible [5]; [27]; [40]; [29].
e  GL 11.2: Clearly identify the target of each link [36].
e GL 11.3: Provide large target size and padding [31]; [36].
GL 12: User Input Guidelines
e GL 12.1: Reduce or completely eliminate the need for data input, especially text input [31];
[36]; [29].
e GL 12.2: Replace text input with a list selection [36]; [28]; [29]; [46]; [47].
GL 12.3: Automatically place a blinking cursor at the beginning of the first data entry field
when a data entry form is displayed on a page [29]
GL 13: Feedback Guidelines
e GL 13.1: Indicate visited and unvisited links [36]; [29].
e GL 13.2: Provide an informative error message [36]; [29].
GL 14: Mobile Context Guidelines
e GL 14.1: Ensure that the user interface elements are clearly visible in low light [42]; [34].
GL 14.2: Take advantage of inbuilt functionality [30]; [28].
GL 14.3: Take into account the impact of the social context [11]; [47]; [48].
GL 14.4: Design for limited and split attention [47]
GL 14.5: Allow for single or no-handed operation [47]
GL 14.6: Make sure there is an option for large font [48]

Different contexts of use that occur while using mobile apps that may affect their usability, so the
mobile user interface design guidelines must take into account and address each of them.
According to Kumar and Sinha (2007), we have to consider four main contexts to adapt the content.
Table 1 represents the main categories of context and their related contexts of use:

TABLE 1: Main categories of contexts and their related context of use.

Main contexts Explanation Context of use

e User personal characteristics context:
Contains the guidelines that relate to users’
characteristics, such as age, gender,
educational level, and familiarity for using the
mobile device that the developer needs
during the analysis phase.

¢ Mobility context: Contains the guidelines
relating to using information and organizing
the mobile device interface content to be
appropriate to use while users are moving
and engaging in daily activity.

e Critical time context: Contains guidelines that
relate to the use of the mobile app to find
information in urgent situations that affect the
users’ safety

Any information that is
used to describe the
user’s personal
characteristics and
information, such as
name, gender, date of
birth, and his service
and content
preferences. These
contexts are user
personal
characteristics context,
mobility context and
critical time context

Personal context
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Main contexts

Explanation

Context of use

Device context

Any information that is
used to characterize
the user's mobile
device. It is critical to
specify the user device
capabilities in M-
Government
applications because
they can have a big
impact on what
content is appropriate
and meaningful to be
delivered to the user,
such as small screen
context and mobile
device characteristics
context, content
context, and interface
elements consistency
context.

Small screen context: Contains the
guidelines relating to the mobile device
screen and its limitations, such as the design
layout, margins, space between the
elements, and images.

Mobile device characteristics context:
Contains the guidelines relating to the mobile
device characteristics and the interface
design, such as using specific colors and
fonts due to the device’s capability.

Content context: Contains the guidelines
relating to the content organization in the
mobile app user interface.

Interface elements consistency context:
Contains the guidelines that relate to
maintaining the consistency between the
interface elements through all website pages
so the user feels that he/she is on the same
website while navigating, such as by using
the logo in a consistent place on all web
pages.

Connectivity
context

Specifying the type of
wireless technology
that the user will use
because each of them
has different data
transfer rates such as
network connectivity
context.

Network connectivity context: Contains the
guidelines that relate to using specific
features while taking into account the users’
different connection types and ensuring the
speed of loading the website pages.

Location context

Includes any
information that
describes the user
location or any
information related to
location, such as
lightning conditions
context and social
situations context.

Lighting condition context: Contains the
guidelines that relate to use specific features
in designing the mobile app according to the
different lighting levels while using the mobile
app which affect the website usability.

Social situation context: Contains all of the
guidelines that take into account the
environment around the user while using the
mobile device, such as the noise and the split
attention.

Table 2 points to the guidelines from Al-Harigy (2014) that address the contexts of use presented
in Table1. The proposed guidelines from Al-Harigy (2014) are distributed between the different
contexts of use where each guideline address more than one context of use. The following relate
the guidelines to the context of use issues (Table 2):
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TABLE 2: The contexts of use with the related guidelines.

Context of use

Related guidelines

Users’ personal
characteristics
context

GL#1.1; GL#1.2; GL#1.6; GL#6.2; GL#6.4; GL#7.2; GL#14.6.

Small screen context

GL#2.1; GL#2.2; GL#2.4, GL#2.5; GL#3.1; GL#4.1; GL#6.5; GL#7.1,
GL#7.4; GL#7.5; GL#8.1; GL#8.3; GL#9.2; GL#10.3; GL#10.5;
GL#10.6; GL#10.7, GL#10.8; GL#11.1; GL#12.1.

Mobile device
characteristics
Context (different
screen size,
supporting font type,
different resolution of
the mobile devices,
memory size)

GL#3.2; GL#5.1;, GL#7.1; GL#8.2; GL#8.3; GL#8.4; GL#9.1;, GL#9.2;
GL#10.4; GL#11.1.

Content context

GL#7.6; GL#10.2; GL#10.5; GL#10.7, GL#11.2; GL#13.1.

Lighting conditions
context

GL#3.2; GL#7.1; GL#7.2; GL#8.4; GL#11.1; GL#14.1; GL#14.6.

Mobility context
(context of use for the
mobile device, such
as using it while
walking and moving,
waiting in a queue,
urgent situations,
etc.)

GL#2.3; GL#3.2; GL#6.1; GL#6.2; GL#6.3; GL#6.5; GL#8.3; GL#8.5;
GL#10.2; GL#10.3; GL#10.5; GL#10.8; GL#11.3; GL#12.1; GL#12.2;
GL#12.3; GL#14.1; GL#14.4; GL#14.5.

Network connectivity
context

GL#8.1; GL#8.2; GL#11.1.

Social situations
context (such as
noise level, limited
attention)

GL#2.3; GL#3.2; GL#6.3; GL#10.2; GL#14.3; GL#14.4.

Interface elements
consistency context

GL#2.6; GL#2.7, GL#5.1; GL#5.2; GL#8.1; GL#10.1.

Critical time context

GL#10.2; GL#12.1; GL#12.2; GL#12.3.

5. TESTING THE PROPOSED GUIDELINES
The contexts of use guidelines mentioned in Table 2 were given to an expert user with a computer
Science background with no design experience to design a mobile version of the PME website.
PME is a website example of a citizen-centered e-service website that is used in an emergency to
provide information that users may need in critical situations. The PME desktop website was
chosen for the following reasons:
e It does not have mobile version.
e It contains current updated information compared to other e-government websites.
e It has an early warning system and weather forecast features that can be used for
emergency situations, such as dangerous sand storms or flooding.
e The PME website (Figure 1) contains services that could be used by the citizens on the go
and in emergencies such as weather forecasts, early warnings, and emergency calls.
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FIGURE 1: PME Desktop Website.
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FIGURE 2: Proposed PME Mobile App.
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The proposed PME mobile app (Figure 2) was designed by using Adobe Dreamweaver CS6
because it contains an HTMLS5 editor and it allows the developer to choose the size of the mobile
interface.

According to Nielsen (2012) [18], there are five parameters for usability, as mentioned before, which
covered in this research:

Efficiency of use

Subjective Satisfaction

Learnability

Memorability

Low Errors Rate

The usability test of PME’s mobile app was conducted with 15 participants who were local Jeddah
citizens whose ages ranged from 20 to 40 years who had different educational backgrounds and
mobile devices. An expert user with a background in computer science performed the tasks and
the time measured in seconds was calculated for each task by using a stopwatch. This time was
used as a base time or as a criteria for comparison. The usability test tasks were typical tasks that
simulate information or broadcasts needed by users in urgent situations while they are on the move
in real time. The tasks include finding all of the cities that have early warnings and their duration,
as well as the description of the early warning situation in a city, emergency calls, notifications sent
about incidents, locating the weather forecast for a city, and customization.

Two methods were used for evaluating the mobile app’s usability: performance measures and
subjective measures. Performance measures were calculated by giving a set of nine tasks to each
of the 15 users to examine the mobile app calculating time on task for each user. To test the
applicability of the proposed guidelines and to simulate the different contexts of use while using the
mobile app, users were tested while moving in different environmental conditions (e.g., lighting,
heat, indoor, outdoor, etc.). They were asked to use one hand while performing the tasks. All of the
tasks were read to the users by the observer of the test because they were walking while performing
the tasks.

Table 3 shows the base time and the users’ time for each task. Figure 3 presents the comparison
between the base time and the average time for all users.

TABLE 3: Times calculated for the expert and the users.

Users Tasks

Task1 | Task2 | Task3 | Task4 | Task 5 | Task 6 | Task 7 | Task 8 | Task 9
Expert 4.3 8 1.3 1.5 6.8 10 1.3 1.9 3.86
User 1 4.11 8 3.5 1.5 9.98 12.61 3 4 4.92
User 2 4.05 5.45 3.43 1.52 8.36 17.26 | 1.5 2 2.88
User 3 7.18 8.47 1.61 6.06 13.63 | 22.14 | 5.63 1.65 1.95
User 4 10.8 10.55 | 4.45 5.29 12 18 5.56 59 55

User 5 5.18 3.71 4.14 7.35 5.19 2328 | 1.51 5.13 2.44
User 6 6.65 4.52 1.66 6.72 7.54 16.77 [ 1218 | 9.16 18.37
User 7 4.16 424 | 239 5.42 7.05 16.85 | 4.47 6.46 7.56
User 8 4.75 6.18 1.31 8.14 5.8 20.54 | 1.69 4.83 4.63
User 9 3.24 3.28 1.64 2.5 3.89 1462 |3 1.64 3.5
User 10 | 3.54 428 |21 4.6 4.19 10.65 | 2.45 2.3 3.23
User11 | 7.52 6.33 1.48 8.45 8.05 2347 |6.16 11.86 | 2.17

User12 | 8 8.36 | 269 5.59 8.45 2948 |7.39 3.81 5.32
User13 | 4.14 5 1.83 6.92 6.07 19.17 | 2.16 7 4.2
User 14 | 5.34 7.5 1.69 5.4 6.5 11.31 |3.23 3.12 4.7
User15 | 5.3 5.2 2.1 3.4 5.1 11564 [ 234 7.22 3.2
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USERS

TIME

Users Expert

FIGURE 3: Comparison between the expert time and the users’ average usage time.

Although some of the older users were not familiar with the use of mobile apps, the average time
on task for all users were close to the time on task calculated for the expert. Some of the users
even achieved less time on task than the expert time on task. The performance evaluation
addressed four parameters of Nielsen's five usability parameters:
e Learnability: means the proposed mobile app is easy to learn for first time users and they
could rapidly start working with it.
o Memorability: means that the proposed mobile app is easy to remember for the casual
user.
o Efficiency: means that all the users could achieve the goal and complete the tasks
accurately in amount of time close to or less than the expert's time.
e Low errors rate: means that the proposed mobile app has no error rate.

Subjective evaluations were conducted after users finished the tasks of the mobile app. The users
evaluated the mobile app’s user interface by giving each user a post-task questionnaire and a post-
test interface evaluation questionnaire after completing all of the tasks. The post-task questionnaire
was for rating each task on ease of use from a scale from 1 to 5, 1 being very easy. The post-test
interface evaluation questionnaire was given to each user upon completion of all of the tasks. It
contains 47 questions that are divided into five sections to rate the proposed mobile app in terms
of text legibility, the effect on the content readability, clarity, ease of use, aesthetics, and overall
satisfaction. All of the questions were close-ended. Each section has different rating scales
according to the type of response appropriate for each item. According to the post-task
questionnaire, eight tasks were rated by the users as being 100% very easy; in addition, one task
was rated as being 73.3% very easy and another was designated as 26.7% easy. The subjective
evaluation addressed the fifth parameter of Nielsen's five usability parameters which is satisfaction
and positive attitude of the users towards the proposed mobile app. The results of the performance
and subjective measurements show the satisfaction and positive attitude of the users toward the
proposed PME mobile app. Thus, the proposed guidelines for designing a context-aware mobile
app user interface were useful for producing a good user experience by using the PME mobile app.
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6. CONCLUSION

The intensive use of mobile devices and the variable contexts of use that occur while using them
deem it necessary to design a mobile app user interface that provides users with a good
experience. A website designed for the desktop is not appropriate for use on a mobile device’s
small screen. Due to the lack of the research in mobile user interface design guidelines, it was
necessary to collect user interface guidelines that are applicable to mobile user interface design
and relate them to different contexts of use. The mobile user interface design guidelines that take
into account the different contexts of use are especially important when users employ the mobile
app of a website for their safety where errors and misunderstanding cannot be tolerated.

The guidelines collected from different literature resources and the different contexts of use that
were addressed were used to design a mobile app version of the PME desktop website. The
usability test was conducted on 15 users by using two methods of measurement. Each user
performed nine tasks. Two questionnaires were given to the users. The usability test results show
that the mobile app was designed by using the proposed guidelines while users were moving
between various simulated environmental conditions in the approximate amount of time that it took
an expert to complete the task; such considerations support the applicability of the proposed
guidelines in designing the mobile apps. The results of the performance and subjective
measurements show the satisfaction and positive attitude of the users toward the proposed mobile
app of PME. Thus, the proposed guidelines for designing a context-aware mobile app user interface
were useful for producing a good user experience while using the PME mobile app. For future work,
we recommend to adapt the user interface according to the context of use. Although there have
been several attempts to develop context-aware adaptation of mobile apps, it is not easy to develop
systems that are adapted to single context of use, since none have a usable, well integrated and
common solution fit for all users across many devices and platforms.
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