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Abstract

Mobile phones have become more and more prominent in people’s lives as time has gone
on. The development of human-computer interaction has allowed for the steady progression of
the mobile phone movement which in recent years has significantly taken off. This has posed a
significant challenge for user experience and product designers for a multitude of reasons
including the very limited interface space, various input facilities, and designing for a wide range
of user groups. The goal of this paper was to explore only a small section of mobile
human-computer interaction. Particularly the user interface (hardware and software) with a focus
on the software end. This includes detailing the various design challenges and highlighting the
importance of the universal design concept as it pertains to users. Additionally, this paper will
briefly review the role that usability plays in the scope of mobile interfaces. The goal will be to
briefly evaluate the benefits of testing as it pertains to users in mobile human-computer
interaction and the various heuristics that have been adopted to support the design of mobile
interfaces.

Introduction

Human-computer interaction is a field of research and practice that covers the computer
science, cognitive science, and human factors fields. It is a field that focuses on the interaction of
people and computers. Cognitive science plays a key role in the interaction of humans and
computers. The focus on the psychological processes of people allows for advancements in
attention, memory, perception, and problem-solving. Its importance cannot be overstated as it
allows for the comparison of information processing between a system and the user. Mobile
human-computer interaction is a relatively new field within human-computer interaction and
arguably one of the most relevant in today’s world. This is partially attributed to how important
mobile phones have become in recent years.

Mobile devices came about in the 1970s and 1980s in an attempt to reduce the sizes of
computer machines. These devices were originally aimed at directly supporting portability which
was the central focus in the primary development stages. It was only years later that mobile
phones became portable enough to fit in a person's pocket. In the late 1990s mobile devices
started to equip revolutionary features like cameras, games, wallpapers, applications, and various
customizable options. The most recent era of mobile phones started in 2007 with the release of
smartphones that presented users with intricate mobile interactions like the iPhone and Samsung
phones. The multi-touch displays and touch keyboard revolutionized the way we think about
mobile computing. As of 2022, it is estimated that 83.89% of people own a smartphone globally.
The quick expansion of mobile phones has expanded the mobile human-computer interaction
field. This new field has now significantly developed from its origins of being purely technical
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and attempting to reduce the hardware of mobile devices. It is now solely focused on the
developments of software applications and the design of mobile interactions that focus on
usability and framing innovative user experiences.

User experience as a whole focuses on the users’ interactions with a mobile interface.
User experience concerns itself, particularly with how a product feels to a user, it aims to
understand how a user may think, behave, and feel. The ultimate goal of the user experience is to
create a positive and comfortable relationship between the user and the mobile interface. In an
optimal situation, users should be left feeling satisfied, excited, and motivated by the technology
they’re using. To achieve this there are three main goals designers should consider while in the
design process:

1. Context of use is the given reason for the users to interact with an interface.
2. The user requirements which include a series of specifications users can achieve

while using the device.
3. The design aesthetics directly focus on the design elements of an interface like the

workflow, text, and graphic design.

Usability is essential to mobile human-computer interaction because it is a direct
extension of the user experience as a whole. The particular focus of usability is on providing
users with intuitive interfaces that aim to limit error frequency and severity. Usability is critical
to mobile human-computer interaction because it allows users to achieve their goals in an
effective, efficient, and satisfying manner. There are three identified goals that designers aim to
achieve within mobile human-computer interaction.

1. The product is intuitive and users can easily become familiar with the content on
the page from the start.

2. The product easily allows users to achieve their goals through use.
3. The product is easy to come back to and users will be able to recall the interface

in future uses.

Design Challenges of the User Interface

The user interface is the means by which a user is communicating with the mobile
device. It is so important in mobile human-computer interaction because it is the direct point of
contact for users. what determines how easily a user can interact with a system. There are three
components of a mobile phone interface: the user interface which includes hardware and
software, the service interface, and the external interface. I will be solely focusing on discussing
the user interface as it impacts interaction design, in particular, the focus will be on
software-related challenges as they are impactful to the user interface but I will make it a point to
address some hardware challenges as well.
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The user interface should be relatively simple but designing an interface has its own set
of human-computer interaction challenges. With the advancement of technology, we are
developing more complicated user interfaces. Some of the hardware challenges include the input
methods, designing for mobility, touch screens, and the limited display size of the device. The
software-related challenges of interface design include navigation, icons, browsing, menu
design, and display of information.

Hardware Challenges

Hardware-related challenges in mobile-computer interaction are important as they limit
the effectiveness of a device from a physical perspective.

Size and weight

The limitations of size and weight for mobile devices is one of the biggest hardware
challenges that designers are working around. The limited size of an interface provides limited
space for designers to integrate a relatively large feature set. There have been larger screen-sized
phones released in recent years as technology has advanced but never less screen size has
directly limited the size of the input facilities like keyboard buttons, and other inputs. Research
has shown that mobile interfaces are quite tricky to use and users that may have poor manual
dexterity or bigger fingers have a harder time in selecting keyboard buttons or other tiny inputs
on a mobile interface (Dunlop & Brewster, 2002). If designers were to increase the keyboard size
or change its original design to support a bigger size it may decrease the test entry performance
of other users and require them to learn a new typing method (Dunlop & Brewster, 2002). This
calls for new and innovative solutions that minimize human error while remaining usable.

Power units

Ultimately the limited size of an interface is directly associated with designing for
mobility. A portable device will naturally be limited in size which poses an additional hardware
challenge as designers must take into account designing a power facility that may support the
various applications that are run by the users. Especially now seeing as power management is
getting more and more important due to ubiquitous computing being realized in modern-day life
(Dunlop & Brewster, 2002).

Software Challenges

Software-related challenges within mobile human-computer interaction are very
important to address because they are of interest to the direct interaction of users and the mobile
interface. There is an infinite number of challenges to consider from a software perspective but I
will touch on:
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Navigation

Navigation and browsing pose a major challenge in the scope of mobile
human-computer interaction. Organizing information in a manner that allows users to navigate to
and from the information they want to see while also operating on a relatively small screen has
significant limitations. In the past, the information that was displayed was segmented into
relatively small presentations to fit in a small screen. A research technique was presented to
tackle this challenge and it was labeled the “Roller” method. This method helps to alleviate the
screen limitation and provides an easier navigation method for users (Dunlop & Brewster, 2002).

Selecting links is another example of a challenging limitation of navigation on mobile
interfaces. On a website typically users will select a link that loads a new page and process
repeats over again which gives the users the ability to navigate the screen easily. On a mobile
interface, this is much more difficult as there are the constraints of the small screen which
doesn’t allow for the shuffling of various pages.

Menus

Another software-related challenge includes the layout of menus on an interface. Menus
on a desktop application are visible and designers must figure out a way to effectively translate
them into a mobile interface. The use of hierarchical menus was a breakthrough and has enabled
users to select a menu item and follow that by opening additional submenus. Research on the
subject has found that effective hierarchical menus include about four to eight items on each
level to optimize functionality (Dunlop & Brewster, 2002). From an organizational standpoint,
this has helped the users reach their desired functions much easier and without frustration.

Icons

Icons are the first thing a user sees about an application. They pose as a visual
representation that provides users with context as to what the application they are opening does.
Icons have served three main functions in mobile interface design which include (1) access to a
target destination, (2) indicator of system status, and (3) change of system behaviors (Punchoojit
& Hongwarittorrn, 2017). Icons must be identifiable by the users and therefore are difficult to
design. Research on icon usability has examined how they might affect system usability. It has
been determined that for icons to support the user they need to remain identifiable,
comprehensible, and of appropriate size while remaining aesthetically pleasing (Punchoojit &
Hongwarittorrn, 2017).

Display of information
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The display of information on a limited screen size is another major challenge for
designers working on mobile interfaces. Users are often surrounded by an abundance of
information which can be overwhelming. The process of filtering what is displayed on a screen
is very difficult. Research conducted has stated that the most effective method for displaying
information includes display patterns (Punchoojit & Hongwarittorrn, 2017). For an interface to
have an effective pattern, it must directly reflect a user's mental model and how the user
organizes and processes information. It is important to note that researchers found that the most
efficient method of displaying information was often not the most preferred method by users at
times.

Aesthetics

Designers must consider the look and aesthetics of an application in the design process.
Designing a functional user interface is only half the battle in user interface design. Users tend to
prefer more attractive applications. Aesthetic-usability is a factor to consider in the design
process as users tend to perceive more attractive designs as more usable despite what research
may show (Norman, 2004). An example of this is a study that compared a vertical list design to a
fisheye design. Execution time was much faster, and learnability was higher among users for the
vertical list design. Despite the higher level of efficiency and learnability participants determined
that the fisheye design was their preferred design and was easier to use (Punchoojit &
Hongwarittorrn, 2017). This had to do with the fact that a fisheye design is much more visually
appealing to users. This further proves the difficulty of the design process as there are many
factors to be considered.

Approach

As is stated above there are many challenges that come with interface design. To tackle
these challenges, it is most helpful to think about an application abstractly at the start of the
design process. The approach designers should consider in interface design includes the
separation of information architecture and visual design which allows designers to tackle the
design process in a more manageable and organized fashion. The design process should be done
in layers to ensure effective functionality and usability. The questions below are a modified
version of what designers should be thinking about to tackle the design process effectively
(Tidwell et al., 2020).

1. What information and tools should be shown to users?
2. Based on the user’s expectations of the site and the situation when might you

show certain information?
3. How might you categorize tools and information?
4. What do users do with the information?
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5. How many ways can you present the information? (Be sure to include multiple
and think broadly)

6. How might you make the information usable from the standpoint of the user
group?

Designing for Users

One of the most important design guidelines in mobile human-computer interaction is
universal design. The process of creating a product or interface that can be used by as many
users as possible without age or disability constraints cannot be overstated. This is done by
ensuring the relationship between the user and the mobile phone is adaptable and flexible to
individual limitations and needs. Designers will naturally do their best to be as inclusive as
possible throughout the design process but to do this they must consider their user groups. This
includes any potential disabilities they might have, their age, their culture, and their general
knowledge of technology.

There are four main types of disabilities affecting mobile human-computer interaction.
Visual impairments, auditory impairments, motor, and physical impairments, and cognitive
impairments.

1. Visual impairments consider a wide range of issues users may experience which
range from severe to minor. These impairments include illumination adaptations,
perception of depth and color, acuity, color blindness, and much more. To address
the visual impairments of users, designers must address the size of interactive
elements on the screen. This might include allowing for the customization of the
size of text and symbols incorporated on a screen. For users that suffer from color
blindness and perception of color, depth designers should consider a variety of
color combinations that are visible to all users. Additionally, they could include an
option that allows users to customize the color presented on the interface they are
using.

2. Auditory impairments impact the relationship of users with technology as well.
Depending on the severity of the hearing impairment users may struggle with the
perception of frequency, noise intensity, signal to noise, and complexity of
speech. Strategies designers might consider when designing for individuals who
struggle with hearing impairment might include providing captions to the various
auditory features within an application. Additionally, designers might think to
include customized tones and pitch adjustments to support users with auditory
impairments.

3. Motor and physical impairments compromise a user’s interaction with technology
significantly. Common impairments include poor muscle control, arthritis,
weakness, lack of sensitivity, and partial paralysis. The minimization of
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movements and physical effort for various inputs through the use of assistive
technology like voice to text, eye tracking, and switch control devices are vital for
users struggling with motor and physical impairments.

4. Cognitive impairments limit users’ interactions with technology through lessening
their capabilities to sustain attention, remember information, and understand
various symbols and the technology. Some cognitive impairments that affect
human-computer interaction include dyslexia, dementia, and traumatic brain
injury. Strategies designers might consider to address these impairments includes
keeping the interface simple, understandable, and providing users with continuous
feedback and direction that assists them in whatever task they may be attempting
to accomplish.

Age impacts mobile human-computer interaction because it is a major factor in
influencing the physical qualities, cognitive abilities, and information processing and perception
of users. Elderly users are more likely to suffer from extreme disabilities like rapid vision
decline, memory loss, hearing loss, and motor function loss. In addition, their thinking is
significantly different from younger users who may have more experience with technology. On
the other hand, children may not have the same physical or cognitive abilities as adults to be able
to use a device. They may struggle with attention and memory or need more assistance with
understanding language. On both sides of the spectrum, the requirements of older and younger
users must be considered in the development process to ensure the usability of the application in
question.

Cultural differences play a role in the design process because they directly determine how
a user perceives the content displayed. This includes the symbols used, the formatting of the
interface, the formatting of the dates, the language used, the color, and the text used. Designers
need to understand how culture may impact a user’s perception of an application or interface.
The inability to consider culture as a factor when designing could potentially disrupt the
relationship of a product to an entire user group. Therefore, designers must adapt to the various
cultural differences of users in the developmental process and be sensitive to the interpretation of
certain content to ensure that the relationship between the device and the user is relatively
positive.

Knowledge of technology is a significant factor within the design process because as hard
as it is to imagine there is still a massive user group that is relatively unfamiliar with how to use
technology. This pertains to older users who may have grown up without mobile phones and are
struggling to adapt to new technology. This may also pertain to user groups that are not educated
on a level at which they can understand the various complex technologies. Younger users also
must be considered in the development process because they do not and cannot fully understand
and process various content on the same level as adults or persons who can understand
technology more in-depth. It is beneficial for designers to provide help options and explanations
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of various applications to ensure that users can easily navigate the application. Guidance while
using an application is beneficial to a degree in which the user does not find it even more
overwhelming. Additionally, the development of uncluttered applications that include intuitive
displays also greatly assists users in understanding the particular uses of the applications in
question.

Usability of Mobile Interfaces

Addressing the various challenges that occur in the design process and the concept of
universal design goes a long way in improving usability of mobile interfaces. Usability testing is
one of the final steps in the design process and acts as a consistent measure of how well a system
runs in terms of ease, efficiency, and user satisfaction. It is also the easiest measure of the
reliability and validity of an interface. Usability testing in mobile human-computer interaction is
so important because it allows designers to guage where improvements can be made from the
user-centered design perspective.

Usability refers to a commitment to making sure an interface and mobile device are easy
to learn, effective to use, and enjoyable from a user’s perspective (Rogers, Sharp, and Preece
2011). Usability plays a key role in the interface design process and there are 10 usability
heuristics for designing an interface (Nielson 1994).

1. Visibility of system status
2. Match between system and the real world
3. User control and freedom
4. Consistency and standard
5. Error prevention
6. Recognition rather than recall
7. Flexibility and efficiency of use
8. Aesthetic and minimalist design
9. Help users recognize, diagnose, and recover from errors
10. Help and documentation

Testing the usability of an application includes many steps and is dependent upon the
content that is on an application. To ensure that the mobile application worked on is performing
at it peak and for users usability tests must set up tasks that measure user satisfaction, navigation,
points of friction, and flow of the application. The ultimate goal of usability testing in mobile
interfaces is to discover the strengths and weaknesses of the product. If you can assess where
improvements can be made the product and user experience design team may make the necessary
adjustments.

Conclusion

This review has highlighted the various design challenges that need to be considered in
the user-centered design process. The major factors that affect mobile human-computer
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interaction are the user interface which comes with its own set of hardware and software
challenges. Some of these challenges include power supply, limited screen size, buttons, icons,
display of information, and aesthetics. Additionally, this paper supports the idea of universal
design which highlights designing for all users regardless of disability, age, culture, and
knowledge of technology. The ultimate goal of this paper was to act as a guide and inform people
of the challenges of mobile human-computer interaction and how they impact usability while
also touching on the importance of certain design techniques.
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