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Abstract

Smartphones, which debuted in the form of personal digital assistants (PDAS) in the late
1990s, have evolved continuously. However, hardware features and the external environment
restrict their use, making it difficult to ensure high interactivity. The structure and usage of
mobile applications are also becoming increasingly complex and it is often found to be difficult
to understand the user interface (Ul). These user environments and conditions inhibit the
smooth interaction of the user with the application. This is expected to negatively affect the
user’s intention to use the applications eventually. However, past studies on information
systems have not shown much interest in the impact of smartphone Ul designs on the attitudes
and behaviors of users. Thus, this study attempted to empirically explore the impact that Ul
application designs have on the attitudes and behavior intentions of the users utilizing the
application. This study specifically looked at the following aspects of Ul design: simplicity,
consistency, and metaphors. The data was collected through a survey and structural equation
modeling (SEM) was employed for the analysis. The results showed that these attributes have
a significant effect on the interaction as well as a positive impact on the intention to use the
application.
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1. Introduction

Smartphones, which are more than merely a communication tool, have become an essential
part of modern life. Smartphones have become ingrained into our lives within a relatively short
time largely because they offer a variety of applications that are beneficial in real life and can
be easily installed for use anywhere, anytime. The type and number of the applications that
have been developed for use are incalculably abundant and diverse; numerous applications now
are constantly developing and waiting for users to select them.

The reasons that users select and use certain applications vary between individual users.
However, the most important reason is usefulness and ease of use. Many studies in the field of
information systems have regarded usefulness and ease of use as an antecedent for user
acceptance [1][2][11][12][13]. Furthermore, developers have tried to ensure that the
applications they develop are useful and easy to use. !

User-application interactions can be regarded as another reason for selecting applications
along with the usefulness and ease of use of the applications. However, it is not easy to ensure
high interactivity within the smartphone environment due to the restrictions that depend on the
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hardware features (e.g., a small display screen) and the external environment (for example, the
brightness of the sun or ambient light). Ultimately, these restrictions affect the use of
smartphones [3][4].

Smartphone users mostly interact with the smartphones using their fingers. Because
smartphones have a small screen, it is difficult for the users with thicker fingers to accurately
touch a specific location within the small display screen. It is difficult to mention the high
interactivity of smartphones for this reason as well. Recently, display screen size has grown
because users tend to prefer a wide screen and enhancements, such as a Stylus [5][6].

In addition, the small screen of smartphones doesn’t provide sufficient space to contain lots
of diverse information such as texts and graphics. Therefore, applications segment much
diverse information and the features that help to locate them on several screens or they reduce
the size of text and graphics to contain them on one screen[7][8].

If too much diverse information and features are contained on the same screen, users may
have to frequently scroll up and down, as well as left or right; simplicity and consistency are
highly likely to be lost in the user interface (Ul) design.

Ul is a part of a system through which users interact with the system [14][15] argued that a
Ul consists of diverse physical and conceptual design components to support the smooth
interaction of the user with the system. Ul designs vary in a variety of ways depending on the
placement and use of the components; different Ul designs affect the interactions with the
system in different ways.

Several researchers have stated that a Ul of a webpage that has been designed with user
convenience in mind cannot only prevent the users from losing a sense of direction when using
the web, but also provide a good impression and enable the user to enjoy the website[16][17].

On the other hand, several other researchers noted that Ul design of a system contains the
attributes of simplicity and consistency. According to the associated studies, it has been
identified that simplicity has a significant impact on the usability, usefulness, and aesthetics of
a system including interactions with the system. It has been reported that consistency also has
a significant impact on interactions with the system. These prior studies have been conducted
on PC-based information systems and webpages.

Conversely, if information and features are deployed on several screens, the structure of the
applications will become complicated due to the increase in the number of the screens and users
are more likely to lose their sense of direction. Both of these methods may negatively affect
how the user interacts with the application.

Furthermore, the small display screen of the smartphones will reduce the readability and
discernibility of texts. In order to complement this, metaphors can be used in Uls.

Metaphors are connotative messaging tools in the form of graphics instead of texts[18].
However, this method may also affect the interaction between the user and the application.
When exposed to the icons and buttons, menus that use metaphors that users find hard to
understand result in users hesitating to use them. To resolve this problem, users have to make
a significant amount of cognitive effort and, consequently, suffer from mental fatigue and
discomfort when using the interface. This may negatively affect the user’s intention to use the
application[6][7].

Recently, the structure and usage of mobile applications are becoming increasingly complex
and it is often found to be difficult to understand Uls. These user environments and conditions
inhibit a seamless user experience and are expected to negatively affect the user’s intention to
use the applications eventually. However, past studies on information systems have not shown
much interest in the impact of Ul designs of applications on the attitudes and behaviors of the
users in smartphone environments[9][10][11][19].
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Thus, this study will attempt to empirically explore the impact that Ul designs of applications
have on the attitudes and intentions of the users utilizing applications in smartphone
environments. This research focuses on simplicity, consistency and metaphors as key attributes
of Ul designs. Through this research, this study will provide the practical recommendations for
Ul design. These recommendations will help to improve the interactions and usage intentions
as well as suggest the academic implications for associated research fields. Therefore, the study
will contribute to the body of research in both theoretical and practical ways. Thus, the study
will attempt to identify these impacts through the hypothesis below.

Hypothesis 1: The simplicity in the Ul of smartphone applications positively affects the
interactions of users with the applications.

Hypothesis 2: The consistency in the Ul of smartphone applications positively affects the
interactions of users with the applications.

Hypothesis 3: The metaphors used in the Ul of smartphone applications positively affect the
interactions of users with the applications.

Hypothesis 4: The interactions between users and smartphone applications positively affect
the attitudes of the users towards the applications.

Hypothesis 5: The attitudes of the users towards smartphone applications positively affect
the users’ intentions to use the applications.

2. Main

The path coefficients were examined to check the causal effects between the variables. To
do so, the significance of the relationships between the variables in the proposed model was
analyzed. As predicted in the hypotheses, simplicity had a significant influence on the
interaction (= .396, p <.0001), consistency also had a significant influence on the interaction
(B = .331, p <.0001), and the metaphor was a significant determinant of the interaction (§
=.289, p <.0001). In addition, the interaction had a positive impact on attitude (f = .513, p
<.0001). Finally, attitude positively affected users’ intentions to use the application (f =.712,
p <.0001). Thus, all of the hypotheses were supported. Table 4 shows the results of the test of
the structural model and Figure 2 below also presents the results of the structural model
analyses with R=2valuesThe study is meaningful in that it could identify the impacts of the Ul
design attributes on the user’s intention to use the applications in smartphone environments and
the role of the user-application interactions in the relationship. Many studies in the IS field in
the past mostly examined the impacts of the Ul design on the performance and use of the system
through system qualities. However, not many studies have examined the direct impact of the
simplicity, consistency, and metaphors as Ul design attributes on interaction. The study showed
that causality exists between these attributes; so, these findings have contributed to the existing
interaction-related studies by identifying the attributes of Ul design that affect interaction.

In particular, studies of metaphors in the IS field have been limited. The findings of this
study showed the importance of using the metaphors that can be understood by the users when
designing the Ul of a smartphone application. For the first time, the study highlighted
metaphors as Ul design components; as a result, this study differentiates itself from other
studies. In addition, the study contributed to the relevant studies by emphasizing the importance
of the metaphors in terms of the interactions by actually identifying the direct impacts of the
metaphors on the interactions.

The study makes a valuable contribution to the body of research because it was conducted
in the smartphone environment and not the PC environment. Personal computing environments
in recent years are now gradually evolving into wearable devices beyond smartphones.
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Wearable devices, such as smart watches, require more efficient and seamless interactions than
smartphones, but face more severe spatial constraints due to their smaller display screens. To
resolve these limitations, Ul designs that can make more intuitive understanding possible and
that differ from PC-based information systems are required. The findings of the study indicate
the direction in which Ul design of wearable devices should precede.

Furthermore, this study identified the impacts of the Ul design attributes on the attitudes and
behavioral intentions of the users through the interactions. This means that the interactions with
the applications and the user’s attitudes and intentions for using the applications may alter
depending on how the user perceives the Ul design attributes. This does not only mean that the
importance of the Ul design and interactions were identified in explaining and understanding
the factors affecting the user IT acceptance, but that it has also contributed to the extension of
the model by adding new variables to TAM[12][13]. Therefore, the study makes an academic
contribution.

The practical contributions include having provided the consultations related to the designs
necessary for the development of user-friendly Uls. The study shows that the improvements of
the interactions with applications can be made through Ul designs, especially simplicity,
consistency, and metaphors. Therefore, to realize user-friendly Ul, the design should be
consistent and simple, and use metaphors that establish familiarity and help users understand
the application. The findings of the study especially emphasize that developers should be
considerate when introducing new metaphors in Ul.

Another practical implication is that the study can be utilized in checking the simplicity,
consistency and metaphors of the application Ul designs. That is, the study makes practical
implications; it enables the multidimensional assessment of applications in terms of aspects of
their Ul design. More specifically, it provides systematic assessment indicators and the tools
necessary for checking Ul design.

Finally, the findings of the study provide suggestions to promote the use of applications and
improve sales revenue. Application designers who have considered Ul design attributes when
developing applications have improved the competitiveness of the applications; they have
ensured high interactivity but also greatly increased sales revenue by securing large numbers
of users who wanted to use the applications. The economic value and ripple effects that the
developers can achieve are significant.

3. Discussion

Despite some interesting findings, this study is subjected to the limitations of empirical
research. For example, undergraduate students accounted for 66.7% of the participants and
about 79% of the participants were in their twenties. Moreover, the diversity of the applications
was not large. About 62% of the applications that the participants had used just before they
answered the questions on the survey were social networking- and communication-related
applications. These are areas of concern for external validity. Thus, follow-up research with
large-scale testing is needed to address these limitations.

4. Conclusion

This study explored the Ul design attributes — simplicity, consistency, and metaphor of
smartphone applications. The Ul design attributes of smartphone applications had significant
effects on the interaction between users and the applications. The interaction had a significant
effect on the intention to use the applications through the mediating variable of users’ attitudes.
Consistency and simplicity of Ul designs as well as the use of suitable metaphors are essential
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in the development of user-friendly Uls. Those metaphors should provide a familiar way for
the user to understand the application.
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