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This dissertation focuses on the interface design of future mobile mixed reality (MR) navigation to
promote pedestrian engagement in urban exploration from the perspective of human-computer

interaction (HCI).

Map navigation always plays a vital role in our daily life. With the development of immersive
technology like virtual reality (VR), augmented reality (AR), and MR, the conventional user
interface of navigation systems has also been evolving. These technologies have constantly changed
how pedestrians learn and interact with location-based information, especially in urban exploratory
activities. However, though mobile AR and MR technologies are gradually coming out of the
laboratory and into our lives via smartphones, they have yet to be wholly embedded in specific
scenarios. Furthermore, as people have become accustomed to accessing information via mobile
devices from the internet, the interaction between humans and the digital interface has become
more diverse and complicated. Therefore, the user interface design and navigation system's
interaction might affect pedestrians' satisfaction and user experience from different aspects of

detail.

Some researchers have focused on technology to resolve the challenges, such as GPS function,
route planning recommendation, and navigation instruction visualization. In contrast, the study of
user experience and exploration engagement during exploratory navigation is not relatively
affluent. In recent years, more studies on HCI have started to pay attention to the usability and
preference of user interface design for mobile AR and MR navigation to support efficient wayfinding.
However, the interface of the navigation system also needs to be affective and emotionally pleasing
to engage the exploration of pedestrians and produce a positive user experience, especially in urban
exploratory activities. In addition, with the development of hardware devices like head-mounted
displays (HMDs), hands-free MR navigation will bring a better experience in future urban
exploration. Therefore, HCI researchers should investigate how to design future MR navigation via

HMDs for urban exploration.

In this work, we aim to explore the design insight for the interface of future MR navigation via
HMDs to promote urban exploration based on user-centered design theory. We designed three case
studies and conducted experiments to discuss and summarize the design insights for future MR

navigation for supporting urban exploration.

In the first case study, we combined the location-based gamified interaction with normal
navigation in mobile AR and desktop VR to support urban exploration. We aim to explore the
interaction expectations of pedestrians during urban exploration via navigations that utilize
immersive technologies and the effects of the virtual interface of MR navigation on pedestrians in
detail. In the second case study, we designed an interactive virtual map interface through MR HMD.
We aim to explore the role of the virtual map interface in MR exploratory navigation and discuss

the different levels of detail of the map to promote pedestrian satisfaction during urban exploration.
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Finally, in the third case study, we designed different scenarios to examine how to visualize point
of interest (POI) information for pedestrians to promote their experience and POI awareness of
location-based information. We found that pedestrians prefer to utilize different POI visualization

dynamically according to their current situations and needs.

This dissertation consists of eight chapters. Chapter 1 describes the introduction of this work
and introduces the motivation, the contributions, and the organization of the dissertation. The
emergence of AR and MR navigation studies has brought people's attention to the real-world
interface and significantly changed the traditional method and interaction of information
visualization, providing more imagination and possibilities for location-based applications and

exploratory activities.

Chapter 2 describes the research background and related works in literature. Many researchers
mainly focus on optimizing essential navigation functions, like GPS function, precise route-
planning, and information visualization for everyday navigation. However, the study on promoting
user engagement in urban exploration with MR exploratory navigation needs further discussion.
In this chapter, we summarize the state-of-the-art technologies related to our work and describe
the difference between this work and other studies. Also, we list our research objective and research

questions in the rest of this section.

Chapter 3 describes the design approach and methodology used in our case study. Overall, this
work follows the perspective of user-centered design (UCD) in the HCI research area, which utilizes
various user research methods, such as questionnaires investigation and interviews for user needs,
workshops, etc., throughout the research process. We also describe our case studies overview
according to the design theory and research methodology. We aim to use the results of each case

study to discuss future interface design considerations holistically.

Chapter 4 describes the first case study and explains the study process in detail. This study
aims to investigate the interaction expectation of pedestrians via immersive technologies to support
exploratory navigation. We implemented two gamified navigation systems, a mobile AR navigation
and a desktop virtual tour navigation. Both systems combined gamified location-based interaction
with navigation interface features. In the experiment, we asked different groups of participants to
have a free-walking exploration in an assigned area of the urban streets via the system respectively.
Based on our results, the interesting interaction between pedestrians and the navigation could help
them acquire much more information and engage them in exploration. Moreover, we summarized
the interaction requirements and preferences between the pedestrian and navigation interface. We
found that the preference for different interface components is dynamic according to different

scenario conditions.
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Chapter 5 describes the second case study and explains the study process in detail. The results
in case study 1 inspire us to use MR's advantages to design interactive navigation in future
intelligent environments. In this case study, we aim to explore the role and effect of the virtual map
interface of MR HMD navigation on pedestrian satisfaction. We proposed a virtual 3D minimap in
which the pedestrian can manipulate the map by zooming, rotating, and transforming. We hope to
provide a holistic view of spatial and environmental information for pedestrians and increase their
interaction with the virtual content. Then, to further discuss the effect of the level of detail of the
minimap interface on pedestrian satisfaction in exploratory navigation, we design two levels of
detail of map modes, a normal one with complete spatial and environmental information and a
simplified one with filtering the irrelevant information. We used two map modes to comprehensively
experiment with measuring pedestrian mental satisfaction from specific navigation tasks. The
experiment results showed participants a positive attitude toward the interactive virtual minimap
interface. In addition, the simplified map interface could result in better performances and lower

mental demand in specific navigation tasks.

Chapter 6 describes the third case study and explains the study process in detail. In this study,
we expect to explore POI visualization methods in different scenario conditions to promote the
interactivity between the location-based POIs and pedestrians in exploration. According to previous
work in case study 1, we found that pedestrian motivation and needs in exploratory navigation are
dynamic, so the interaction between the pedestrian and navigation interface should be discussed
in different scenarios. Thus, in this study, we design different scenarios of exploratory navigation
with varying designs of POI visualization methods to discuss how to visualize POIs during
exploration to promote POI awareness. The results indicate that there are interaction effects
between the three scenario condition levels (Target, Time, and Pull-Push) and different
visualization methods. The results also indicate that the recommendation from the virtual avatar
and the virtual content with Mixed reality features could help and engage the pedestrian to explore

much more POls.

Chapter 7 discusses and summarizes the findings from all case studies results and suggests
further directions for future studies in this area. After summarizing the findings and limitations of

the above works, the challenges, and possibilities for achieving them in the future are noted.

Chapter 8 makes a summary of this study. We summarize the arguments of this dissertation

and the results and contributions we have identified.
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