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ABSTRACT

Jad Al Rabbaa

OCAD University

MRsive: an Augmented Reality Tool for Enhancing Wayfinding and Engagement With
Art in Museums

Master of Design, Digital Futures - April, 2019

Most museums use printed methods to support indoor navigation and visitor
engagement. However, modern museum visitors’ needs are not always met using such
static approaches. This thesis investigates how indoor wayfinding and visitor
engagement in museums might be improved through augmented reality (AR). | design
“MRsive”, a handheld AR tool using a user-centered design approach. The goal is
twofold: simplifying the required cognitive effort in navigating the museum space, and
boosting visitor engagement with artifacts through multisensory interactions. MRsive
uses computer vision to detect visual features of the space and locate visitors indoors
and recognize exhibits. To evaluate my design, | conduct user-testing at the Art Gallery
of Ontario (AGO) followed by semi-structured interviews. The participants’ responses
showed a considerable improvement in the speed, accuracy and ease-of-use when
completing wayfinding or engagement tasks. | hope the findings will contribute to the

future development of other AR systems with similar goals.
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Chapter 1. INTRODUCTION

1.1 Motivation

| was born in Lebanon where | lived for the majority of my life. Lebanon is a
beautiful country but unfortunately lacks advanced infrastructure and organized urban
planning. For example, the country does not have clear numbered addresses. Like
every child growing up in Lebanon, | started learning about directions and how to get
from point A to point B using landmark cues. Growing up, “next to the middle school”,
“close to the big palm tree” and “right before the grocery store” were the common
terms | was accustomed to hearing when asking for directions. It was a time before the
spread of smartphones and Global Positioning System (GPS). Even the simplest of aids
like signs and maps were not frequently used. My sense of direction quickly developed
to depend heavily on my eyes, ears, and sometimes even my nose. My sight would
help me detect a landmark, while my hearing and smell would help single out cues
specific to that landmark or what is close to it. Sometimes, navigating to point B was as
difficult as solving a complicated riddle, so those cues required an extra layer of logic

and problem-solving.
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The development of the transportation sector throughout the world and in
Lebanon requires clearer visual aids and more intuitive directions. The same can be
applied when travelling to an unknown destination or a foreign country. During my late
teen years, | developed a passion for backpacking around the world, in particular,
travelling to remote countries and visiting museums to explore different cultures. As a
tourist, directions were crucial for the success of my trip. | was always fascinated when |
visited advanced countries where mobile technologies such as “Google Maps" were
supported. Such digital and dynamic approaches to navigation provided precise
addresses and displayed points of interest which facilitated the life of locals and
tourists. Locating oneself on the digital map and visualizing the path to the desired
destination saved time, energy and frustration. On the other hand, many of my
museum visits - a hobby that became united with my passion for travel - were not
always enjoyable experiences. Like many, it was not uncommon for me to find myself
lost in indoor complex spaces. For me, finding my way through foreign cities was made
possible by the use of digital dynamic maps on my mobile phone. Unfortunately, in
indoor spaces such as museums, it is a different story and the experience is never as
intuitive as outdoors. GPS does not work for indoor localization as the accuracy level is
not reliable enough. Technological limitations make it a difficult and complex task to
create an indoor version of “Google Maps”. Using static navigation methods such as
printed maps and signs, | came to realize that museums require the allocation of at
least a day of one’s vacation time due to their usually complex architectural layout. The

museum experience for me became a dual-edged sword, | enjoyed visiting various
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museums but | was repetitively frustrated with two things; the time | spent inside to
decode the space as well as a sense of detachment from the artifacts that were being
exhibited.

It was at this point, that | was struck with a question that seemed to have an
innovative answer behind it. The reason why | was spending long periods in museums
was twofold; | kept getting lost in the nooks and crannies, and any artifact, painting, or
relic that was of interest was always hard to find. | was very keen on the idea that
museums need to have a more intuitive, digital and dynamic tool like Google Maps to
help visitors move more efficiently from point A to point B. On the engagement side,
there are several reasons | never felt fully interested in the printed text descriptions or
audio guides provided. The printed media was usually long, too detailed and boring,
while the audio usually had a monotonous delivery. | also found it extremely frustrating
that my position in the museum could not be tracked, which often lead to the
information being delivered after or prior to me reaching the artifact. Despite the
standard maps and the guided audio tours, no intelligent and interactive technology
was available to guide me to where | wanted to go in the museum and help me feel
submerged in the presented culture and the exhibited artifacts.

This realization was highlighted during one of my trips to Spain. | went to
Madrid on a vacation and visited the Museo Reina Sofia to see Picasso's most famous
work “Guernica”, | had been eager to lay my eyes on the masterpiece. As anticipated,
| got lost. | wandered for hours touring as | wanted to explore the space until | stumble

upon the painting. After three hours, the museum was about to close and | had not
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seen the painting yet. | tried my hardest to find it depending on the map provided but
| did not understand what the different elements meant nor could | crack the colour
codes for the different sections. | had to ask for directions from the person who worked
there. The disappointment came when [ finally found the masterpiece. | found myself
gazing at a big famous painting of many symbols and details with no real
understanding. The label on the side including a short description was not helpful, it
was too static to trigger any interaction or learning. This was worsened by my
frustration with the time it took to locate it. Finally, | was escorted out of the museum
as it was closing. This visit was obviously not the ideal museum experience. | later
became aware of the fact that | was not alone in this struggle. Each time | shared this
story, it was obvious that many people related and shared my frustration. Time wasted

combined with no real immersion in a museum were definitely key issues.

1.2 Research Goals

| began my research, first by understanding wayfinding and how it has become a
popular need in our modern day society. According to SEGD (the Society for
Experiential Graphic Design) “Wayfinding can be defined as spatial problem-solving. It
is knowing where you are in a building or an environment, knowing where your desired
location is, and knowing how to get there from your present location” (SEGD.org,
2019). Many museums are extremely complex spaces, and according to Hughes (2015),
this is due to the historic buildings where they are housed. These buildings served

different purposes and were extended and adapted over the years to host art galleries.
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Wayfinding is a notoriously difficult challenge to get right and the limited budgets and
countless regulations in museums add to the complexity of the task. As times changed
and technology advanced, timeliness and effectiveness became of the essence. The
need for an interactive guidance and support system that is user-friendly became a
must. Any wayfinding system, integrated into museums nowadays needs to be
effective or the repercussions can be detrimental. Effectiveness in museums mainly lies
in providing a wholesome engaging and rewarding experience. Considerable budgets
go into the implementation of any wayfinding system hence the importance of
evaluating the design and the usability. When people find the system undependable,
they will resort to assistance from staff; which could possibly lead to higher staffing
needs. The user experience also plays a crucial role and like any “business”, customer
satisfaction is paramount. Lost, frustrated, disconnected, confused customers, and for
the purpose of this research, museum patrons, tend not to return. Museums such as
the Metropolitan Museum of Art, “the MET"” which is one of the largest museums in
the world, have recently been attempting to enhance their wayfinding methods and
increase their visitors' satisfaction. According to the MET's website, wayfinding and the
digital experience as a whole was one of their most recent struggles: “Helping visitors
navigate The Met Fifth Avenue has long been a challenge at the Museum... We've
seen digital as part of a potential solution for some time; the challenge, though, has
been to deliver a scalable and sustainable digital map” (Tallon, 2016). The traditional
maps and standard signage are no longer sufficient. Adding other multi-sensory

elements such as audio guides were a notable attempt to improve visitor navigation

Al Rabbaa - 5



MRsive: an Augmented Reality Tool for Enhancing Wayfinding and Engagement With Art in Museums

and engagement with the arts, and | believe that similar attempts should be
encouraged. Unfortunately, a gap exists today as most museums shift to digital when
attempting to improve their visitors’ wayfinding and engagement experience. This gap
is due to technological limitations, precisely indoor positioning and tracking which is a
hard nut to crack.

After locating the cognitive demands of static wayfinding aids, the main goal of
this work is to create and evaluate MRsive, an augmented reality (AR) system that
provides the museum visitors with an intuitive and accurate sense of their location
indoors and a clear direction to their desired destination. This system would hopefully
facilitate the navigation of the space in a timely manner. | believe a fulfilling museum
experience is not limited to mere easy navigation, but also requires an engaging
interaction with the art. Some exhibitions resorted to augmented reality as an intuitive
interaction to augment the physical objects in the galleries (Van Der Vaart, 2016). This
technology showed so much potential and it is worth being explored even more. It is
also worth studying the connectivity and visual tracking capabilities needed for indoor
positioning using augmented reality. The multisensory outputs are also interesting
opportunities for creating compelling and engaging museum experiences that
encourage learning, fun, and awe. | would like to investigate the effect of an intuitive
AR user experience on wayfinding and the effect of the multisensory approach on

engagement as an overarching goal.

Al Rabbaa - 6



MRsive: an Augmented Reality Tool for Enhancing Wayfinding and Engagement With Art in Museums

1.3 Research Scope and Audience

My research is an attempt to fill the gap discussed above and offer the museum
visitors a digital solution that enhances wayfinding and engagement with the arts.
Wayfinding is a broad concept. Sometimes it is visible, like signs in outdoor and indoor
spaces. Other times, it is invisible as when exploring a space for pleasure or following a
path in nature. In theory, the technology brought forth in this research can be applied
to any indoor space. To list a few, it can be useful for employees at their workplace,
students at their educational facilities, and for travellers at airports, amongst others.
However, as a scope of wayfinding, and due to my experience with museums, | use the
galleries space as the main focus of this work and situate my research at the Art Gallery
of Ontario (AGO) in Toronto.

It is important to note that the community of museum visitors is a diverse one.
Tourists, first-time visitors, and members, all differ in backgrounds and in the main
purpose of their museum visit. Commonly, museum visitors consist mainly of first-time
visitors or tourists, who are there to explore or see a particular piece of art. The
remaining visitors are art fanatics who usually are museum members and repeat
visitors. These people display slight differences in why they visit a museum and what
kind of experience they are hoping to achieve during their visit. Nonetheless, they
obviously all share one desire which is an ultimate event, a fulfilling, informative, and
pleasurable experience. For the sake of this research, | am targeting all museum visitors

and | focus on first-time visitors and “Generation Y” that are explorers in nature as a
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target audience. These types of visitors are known for their search for novel
experiences and multisensory interactions that they can share with their peers (Falk,
2016). Many of the target audience are tourists so language definitely plays a crucial
role in the application. The challenge is not only due to the directions being in a
foreign language, but also the audio-visual cues that serve to explain the exhibited
artifacts. To add to the point, the static museum's signage system and map most likely
lack the appropriate language translation. To address this, the MRsive application
provides the experience in the language that the end user chooses.

Space and audience are both taken into consideration and the related concerns
are addressed through MRsive. Augmented Reality is broadly defined as "augmenting
natural feedback to the operator with simulated cues” (Milgram, 1994). Milgram
explains that AR is related to a larger class of technologies which are referred to as
“Mixed Reality” (MR). MR is defined as an environment in which real world and virtual
world objects are presented together within a single display. Through these
technologies, MRsive allows the visitor to locate any artifact or section of interest in the
museum and intuitively navigate to it. Upon arriving at the desired location, the
application augments the artifact through virtual elements and multisensory
information and allows the visitor to interact with it. The displayed digital elements can
be interesting quotes, photos, short clips, 2D animations, 3D movie-like experiences
accompanied by sound and haptic response. This would bring life to a rather static

item that hangs or stands in that space.
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The application is used on a mobile phone but ideally would be integrated into
a smart glass. Unfortunately, Head-mounted AR technology and the few supporting
devices that are currently available in the market are still under development and have
not matured yet to be mainstream or mass adopted. This adds an element of difficulty
when developing content for a wearable like smart glasses, especially when the
hardware is not yet ready. Currently, the most advanced AR smart glasses or
see-through head-mounted-displays such as " Hololens” by Microsoft and “Magic
Leap" are very expensive and mostly available for corporate organizations and
developers only. They are also chunky and have a limited field of view (FOV) that does
not surpass the 43° horizontal opposed to the human visual system that has a binocular
FOV exceeding 180° horizontally. This restricted FOV limits the immersive potential of
mixed-reality systems and reduces the situational awareness of the person (Xiao, 2016).
In order to simulate the ultimate smart glasses experience, and to add to the
contributions of this research, MRsive is built on a mobile device and offers the
potential to be implemented on a DIY head mounted display discussed in details in the

future work section of the last chapter.

1.4 Research Contributions

This thesis makes different contributions to the research of indoor wayfinding

and the study of the digital museum experience and visitor engagement:
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It first provides a preliminary scan of a broad set of literature combining three
different fields: psychology, cognitive science, and computer science. The discussion
dives into the science of wayfinding, the cognitive demands of different wayfinding
aids, museum visitors types and evaluates different augmented reality approaches in
museums.

It contributes with a detailed system architecture design of a novel augmented
reality application, MRsive. The application uses computer vision and different sensors
to support visual tracking as a solution for indoor positioning and wayfinding, as well as
multisensory interaction with arts in museums. Technical diagrams and sample code are
provided (see Appendix C). The process and the user-centred design approach to
building the system are explained in detail.

The research provides a preliminary evaluation of the AGO (Art Gallery of
Ontario) visitors’ wayfinding needs and what kind of museum experiences they are
interested in.

It also unpacks the benefits of markerless AR and the positive impact of
perspective-display of digital objects on accuracy, intuition and speed of wayfinding
task completion. It also confirms the influence of AR multisensory interactions on
engagement and satisfaction of museum visitors by conducting user testing of MRsive
at the AGO.

It highlights a new outlook and opportunities for museums to look into when

building audiences and thinking of new channels to generate revenue).
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Finally, it presents the different potentials of the created design for future work.
It sheds the light on opportunities for future researchers to take this system from
mobile-based to head-mounted based AR and evaluate the positioning of digital
elements within the line of sight (LOS) of the user and the use of body and hand

gestures as input.

1.5 Chapter Overview

This chapter introduced the MRsive project and thesis and the inspiration
behind it as well as the research goals and contribution.

Chapter 2 begins with a literature review that addresses several important
points. It starts by presenting the theoretical concept of wayfinding as a general
overview. It then narrows the focus to museums, specifically through discussing
wayfinding methods as well as approaches to enhance visitor engagement with
exhibited artifacts. The discussion ties those approaches to augmented reality (AR)
which is defined and then illustrated through a scan of related projects in museums. |
finally summarize the chapter by emphasizing the opportunities and the potentially
positive impact of AR on wayfinding and visitor engagement experiences.

Chapter 3 discusses the adopted methodology to create MRsive. It addresses
the human-centered design approach and the different stages of the process. It starts
with the museum visitor need finding which was the main driver of the initial design

decisions and then expands on the development stage. The discussion illustrates the
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system architecture in details and presents the technology involved. Finally, a clear
explanation of the evaluation criteria concludes this chapter.

Chapter 4 of this work presents all the evaluation methods and related findings
that were generated from the user testing. The results are analyzed and discussed to
highlight the successes and limitations of the design.

Finally, chapter 5 concludes this thesis by revisiting its goals and contributions.
The discussion finally highlights the future work and design iterations vis-a-vis the
findings of the previous chapter as well as potential futuristic technological

advancement.
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Chapter 2. LITERATURE REVIEW

The intersection of wayfinding and engagement behaviours in museums with
technological solutions is a complex concept where research about human cognition
and museum visitor research come into play. In this chapter, | give an overview of the
related literature to my research and present related works and projects that are under
development. First, | introduce the concept of wayfinding through the different
definitions that appeared in literature as well as the latest taxonomies of wayfinding
tasks. | highlight the common wayfinding issues related to static conventional
approaches such as printed maps and signs and the related cognitive processes that
often cause visitors a spatial frustration in indoor spaces in general and specifically
museums. | also point out the usual obstacles that limit museum visitors’ engagement
with exhibits through a quick scan of the current digital approaches. Then, | provide a
snapshot of the current use cases and research in the field of augmented reality (AR)
and indoor localization of users. Lastly, | discuss the potential opportunities offered by
digital media and interactive tools such as augmented reality, specifically for enhancing
wayfinding and visitor engagement with arts in museum environments. Through this

theoretical overview, | present some projects as examples for different use cases of AR
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that enhance navigation and engagement with artifacts in galleries. To differentiate my
project from the currently existing literature and technological solutions, | revisit the

mentioned research projects in the following chapters of this thesis.

2.1 Theoretical Concept and Taxonomy of Wayfinding Tasks

In this section, | present the main definitions of wayfinding, the different types of
wayfinding tasks, and finally the required cognitive processes to navigate spaces

especially in indoor spaces such as museums.

2.1.1 Definition

Finding one’s way is a daily ubiquitous need (going from home to work
or school) and it was thoroughly studied and discussed in the research literature
over the past 60 years. Many authors tried to define the word " wayfinding” and
numerous classifications of human navigation behaviour have been proposed.
Allen (1999) defines it as “purposeful movement to a specific destination that is
distal and, thus, cannot be perceived directly by the traveller” and he bases this
definition on previous mentions of the word by Baker (1981), Blades (1991),
Garling (1984); Gluck (1991), Colledge (1992) and Heft (1983). Not too different
from this definition, Colledge (1999) refers to wayfinding as “the process of
determining and following a path or route between an origin and destination”.

Montello (2005) defines it as “the planning required for efficient and
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goal-directed navigation”. For Emo (2012), it is the “decision-making process
stage of navigation, where navigation is composed of locomotion and
wayfinding”. After all these definitions, it seems obvious that wayfinding is, in
other words, a purposive behaviour through decision-making to navigate an
environment from point A to point B. This behaviour is highly dependent on the

types of wayfinding tasks, better explained in the following subsection.

2.1.2 Types of Wayfinding Tasks

Allen (1999) identifies the most typical wayfinding tasks: exploratory
navigation (i.e. walk in nature), travel to a familiar destination (i.e. going to work),
and travel to novel destinations (i.e. moving to a new neighbourhood). Two
years later, Montello (2001) defines the three wayfinding tasks: search (i.e
looking for a specific gate in an airport), exploration (i.e. wandering in an
unknown city), and route planning (i.e. hike in a natural reserve). Wiener,
Blchner, & Holscher's article “Towards a Taxonomy of Wayfinding Tasks: A
Knowledge-Based Approach” (2009) extends earlier accounts (Mallot, 1999;
Allen, 1999; and Montello, 2001). Those previous taxonomies only identified two
main high-level navigation tasks: locomotion and wayfinding. The article
proposes a novel taxonomy that distinguishes wayfinding tasks by external
constraints as well as by the level of spatial knowledge that is available to the

navigator (Fig 2.1).

Al Rabbaa - 15



MRsive: an Augmented Reality Tool for Enhancing Wayfinding and Engagement With Art in Museums

. L] L]
Locomotion Wayfinding
(In response to sensory information, {towards distant, non-visible space:
e.g. obstacle avoidance, steering, requires reasoning, planning
approach) making, rep

e

Unaided Wayfinding
no assistance

¥ N\

Undirected Wayfinding Directed Wayfinding
No Specific Destination Specific Destination

[ ] unavailable [ ] available
Target E
destination
Approximation knowledge
$o® available | |8g® unavailable
Path route
Following g knowledge

3 .. = . : . T 3 P ilable] [$593 availab
Exploration, Cruising, Uninformed Informed Path surve
Roaming Pleasure Walk Search Search Planning knowKadge

Figure 2.1: Proposed Taxonomy of wayfinding tasks (Wiener, 2009, p.6)

Aided Wayfinding
signage, maps,
navigation assistants

As seen in Figure 2.1, the different tasks and skills that come into play in
wayfinding can be divided between aided and unaided navigation, in other
words, with and without the help of external media such as signage, maps and
navigation assistants. On the unaided side, the chart shows the comparison
between directed and undirected wayfinding which is the difference between
when a user has a specific destination or just exploring a certain space for fun.
Directed wayfinding refers to the navigation process to approach one or
multiple destinations. The search itself is also divided into two types: informed

when the navigator is knowledgeable about the environment and uninformed
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search when this environment is unknown. | am situating my research in a
museum and targeting first-time visitors who intend to optimize their museum
visit by enriching their experience and education within the limited time they
have. Wiener discusses: “navigation is not performed without intention...” and,
for the sake of this thesis, | focus on wayfinding that is typically directed and
aided by external wayfinding tools. Unfortunately, the aided wayfinding section
in Wiener's taxonomy was not fully developed. It is likely because Wiener
considers it to be rather simple in some cases like in the event of following a
trail. He mentions Raubal (2001) who speaks to the same idea saying:
“sign-following does not require considerable cognitive effort”. | suggest that
static wayfinding aids such as signs could sometimes be in fact very confusing in
complex indoor spaces and | will expand on that more in the second section of
this chapter. Wiener et al. reason that the cognitive demands of aided
wayfinding differ dramatically from unaided wayfinding and it would be valuable
to develop a related analysis.

Ten years later, Dalton, Holscher and Montello (2019) proposed some
extensions to Wiener's taxonomy, especially to the aided wayfinding section

(Fig. 2.2).
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Figure 2.2: Proposed additions to Wiener et al. (2009) wayfinding taxonomy indicating where the
strong/weak and synchronous/asynchronous types of social wayfinding would fit.
(Dalton, 2019, p.10)

While this new taxonomy takes the social activity of wayfinding into
consideration, this social aspect is out of the scope of this research. In this
thesis, | mainly focus on the added extension which is related to the aided
wayfinding. Next to signs and maps, navigational assistants are now
differentiated between digital guides and human guides that produce verbal,
graphic or gestural cues. | propose the addition of haptic cues that could be
valuable for visually impaired individuals. Task characteristics of aided
wayfinding approaches differ dramatically from those of unaided wayfinding:
“Taken together, decision-making processes, memory processes, learning
processes, and planning processes that are necessary to successfully solve
unaided wayfinding tasks have been externalized in aided wayfinding” (Wiener,

2009, p.6). While we can agree that the cognitive demands of aided wayfinding
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2.2

are fundamentally different from those of unaided wayfinding, Wiener reassures
that in an extreme case of great signage design “sign following can be reduced
to a locomotion task”. | agree with the latter, but | argue that in complex
museums this might not be attainable. With the individual differences of visitors
and the complexity of the space, current wayfinding aids would still require a
considerable spatial reasoning and different cognitive processes are needed to
complete a wayfinding task depending on those visual aids. These approaches
and their related cognitive processes are better explained in the following

section.

Wayfinding Approaches and Related Cognitive Processes

The study of wayfinding has been attracting interest since the late 1940s.

Different researchers from different fields such as psychology, geography, and urban

design have been trying to unpack the cognitive processes that go into wayfinding

decisions. According to SEGD, (the Society for Experiential Graphic Design) wayfinding

system refers to the tools and methods used to facilitate this decision-making such as

maps, direction signs, navigational assistants, and symbols to help guide people to

their destinations. Maps, signage, photographs, videotape, verbal directions, and

recently virtual environments are many approaches that have been used for spatial

knowledge achievement (Shamsuddin, 2015). Using those wayfinding tools
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encompasses different complex tasks that involve different cognitive processes
(Wiener, 2009).

In the case of museums, Hughes (2015) highlights the fact that many are hosted
in historic buildings that were renovated and adapted over the years, which makes their
layout complex and hard to navigate. The structure of the Art Gallery of Ontario (AGO)
for example, where the research of this thesis takes place, has undergone six previous
expansions since the 1920s. Most museums today, the AGO included, rely on maps
and signs and in some cases digital applications to facilitate this navigation. The
wayfinding challenge gets intricate and difficult to manage due to the limited budgets
and the endless list of museum rules and regulations.

In the following subsections, | discuss the current static and digital approaches
for enhancing wayfinding in museums and | highlight the cognitive demands that go
into using them. | try to assess the advantages and shortcomings of those approaches

to better locate new opportunities and develop more appropriate digital solutions.

2.2.1 Maps

The most common approach to indoor navigation is using maps. Today,
most museums mainly rely on printed maps incorporated in their brochures as a
primary tool for guiding their visitors around the different galleries and floors.
Nevertheless, the simplest of maps remain a static approach in the face of a

constantly changing input which is the position of the navigator. They require
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cognitive effort and spatial reasoning. Decoding maps is not always intuitive and
easy to accomplish. Previous research (Passini, 1992) proved that wayfinding in a
complex environment such as museums often causes first-time visitors and
occasionally frequent visitors uncertainty and stress or spatial anxiety, even with
the assistance of wayfinding aids. Maps and other static visual cues are
frequently confusing and not presented in an appropriate position or logical
sequence as they “have no dynamics and lack of interactive properties
compared to electronic map devices” (Shamsuddin, 2015).

Different cognitive processes are crucial to using maps, namely object
rotation, symbol identification, and map/environment interaction to establish a
match between the allocentric view provided by the map (usually
birds-eye-view) and the ego-centric view (perspective angle) that is experienced
while moving through the environment (Lobben, 2004). Printed maps use an
allocentric spatial representation (mainly two-dimensional) that involves an
object-to-object system and encodes information about the location of one
object with respect to other objects. On the other hand, our human eye uses an
egocentric view in perspective (three-dimensional) that involves a self-object
representational system.

Object Rotation: Most paper maps are not multi-oriented, meaning that
one map maintains only one direction toward the top, usually north. Mentally
rotating a two-dimensional object appears to be an integral process associated

with reading those paper maps and it is proven that this process gets more
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complicated in complex spaces and affects the speed and accuracy of
navigation (Levine, 1984). In some cases, a wrong rotation or placement of a
map could cause a misalignment of the map with the real space. For example,
the position of the “toys” region in the physical world in Fig. 2.3 does not align

with the map’s representation when placed on the left.

= N
Tk o

1

Figure 2.3: Two identical maps showing how misalignment (left) and alignment(right) are
produced simply by placement. (Levine, 1984)

Symbol identification: Maps are scaled representation of the real world,
therefore they contain symbols that represent real three-dimensional
environmental objects (Robinson, 1995) and (Bluestein, 1979). Symbol
identification is another cognitive process that is faced every time a person
reads a map. Studies have shown that the complexity of the map affects the
amount and accuracy of encoding of symbols and information into the spatial

memory system (Winn, 1989).
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Map/environment interaction: Allen (2004) explains that the map reader
needs to interact and relate the map and the environment with and between
one another. He identifies two main processes: visualization and self-location
that govern this interaction. Both Processes require the reader to continuously
work between the two-dimensional map and the three-dimensional world while
navigating the space.

Based off of the notions of these cognitive processes, a person visiting a
museum for the first time and using a printed map to successfully navigate the
space would need to answer the following questions: where am | on this map?
What direction am | facing? Where do | want to go and what is the path that |
need to follow to get there? Things get more complicated with the complexity
of the indoor space and when using the map while navigating and moving
around the museum (Shamsuddin, 2015).

The You-Are-Here maps try to answer the “where am | ” question but
none of the other questions. By moving from a static to a dynamic approach, not
only the self-localization question is answered but also the live rotation or
direction of the navigator. Similar to outdoor GPS operated city maps such as
" Google maps”, | suggest a similar dynamic approach for the indoor space.
Providing this solution could offer the visitor in-situ information about where
they are in the building and what direction they are looking at, and would
supposedly require less cognitive effort. However, In enclosed places such as

museums, GPS satellite signals become significantly weak and inaccurate,
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making this approach not suitable for indoor positioning and navigation
(Alnabhan, 2014). There are other ways around this technical problem, and even
though they differ in accuracy, they make it possible to locate users indoors. |
revisit this idea in a later section and discuss its technological limitations and

potential development.

2.2.2 Signage

Another conventional wayfinding tool is signage which is a map’s best
friend. Signs are static also and they are prominently used in so many fields, but
are they enough for indoor wayfinding? Raubal (2001) states that aids like signs
don't require a lot of cognitive effort and the agent has to only identify the
meaning of the signs and follow the directions: “In sign-following the path
planning has already been done by the designer and as long as signs are put up
reliably at every decision point the agent faces very little efforts of spatial
reasoning. In the extreme case, sign following can be reduced to a locomotion
task.” From a designer point of view, this is very difficult and sometimes
impossible to accomplish. Despite the serious attempts of intuitive design, static
aids and specifically signs remain at many occasions difficult to read in complex
indoor spaces. Other researchers such as Passini (1992) consider signs to be
frequently confusing if not presented in appropriate positions or a logical
sequence. Without any logic, signage implementation is reduced to a random

placement of physical objects, or worse, a series of visual pollutants. This is a
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common outcome when signs are an afterthought to the architectural project,
making it a real challenge for museums that are hosted in repurposed buildings.
Furthermore, signage is supported by text, graphics, pictograms, colours and
shapes. Other than identifying the locations of signs, people experience
difficulty understanding pictures and terminologies written on them (especially
when they speak a foreign language) (Kim, 2015).

Thus, three significant factors challenge the cognitive processes needed
to decode and follow signs: (1) accessibility (i.e. the placement of signs in the
space), (2) identifiability (i.e. the clarity of signs and room numbers from
distance), and (3) comprehensivity (i.e. level of complexity of terminology,
pictograms and arrows pointing signs) (Kim, 2015). These aids are sometimes
missing in vital sections along a route and it is often overly time-consuming to
interpret them (Passini, 1992). In the event a navigator loses their path and
depending on the complexity of the space, it could be challenging to find and
read signs to go back to the right path, especially amid navigation and moving
around. In her article, Hughes (2015), clarifies the misconception about
wayfinding and signs: “Wayfinding does not equal signage” (p.2). She suggests
that the combination of signage, maps, guides, digital applications, intuitive

design and pre-acquired knowledge would be the best way of orienting visitors.
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2.2.3 Digital Navigational Assistants

With the digitization and democratization of museums, many digital
solutions such as mobile applications were recently integrated to orient visitors
indoors and facilitate the museum experience as a whole. Digital navigational
assistants offer dynamic algorithms and interactive elements (Yokoi, 2015). This
is crucial to the nature of the dialogue between a constantly changing input and
the multiple possible outputs. The searched spatial directions directly depend
on the position of the visitor in space and the path leading to the desired
destination. The navigation in a museum highly depends on the space and the
placement of exhibits. The goal is to solve the museum visitors’ wayfinding
problems, outlined by Nicholas (2000):

1- Getting lost

2- Not knowing what is available

3- Not being able to plan the visit effectively

4- Misunderstanding the nature of an exhibition.

In the last decades, various malls and airports implemented different
digital approaches. They installed stationary interactive touch screens or kiosks
that offer the visitor a simulation of the path they need to follow to get to their
destination. The simulation was often a 3D animated representation of that
journey. Before smartphones became so ubiquitous, some museums adopted a

similar digital approach to wayfinding, i.e. the science museum in London in
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1998. A network of touch-screen information points was located strategically in
what was identified as key decision-making points throughout the science
museum, i.e. elevators and stairs on all floors. In an evaluation conducted after
the installation, all users had a generally positive attitude about how the system
worked: each point displays a screen through which visitors can access an
interactive software system designed to enable them to orient themselves. The
goal of the technology was to enable information to be more timely, accurate,
accessible and informative, to ensure that each visitor can get the most out of
their visit. “Visitors can find out up-to-the-minute information on exhibitions,
events and facilities as well as see sections and plans showing their route to
desired destinations ensuring them to not get lost but instead are able to
decide what they want to see, pace themselves and savour the viewing”
(Nicholas, 2000).

Mobile applications have started being introduced to the visitor
experience in museums since 2009 (Economou, 2011). The advantages and
capacities of the mobile phone as a device that rapidly gained ubiquity and
popularity, were exploited. This development presented new possibilities of
communications between the museum and the visitor or the visitor and the
museum space. Even though technological limitations were in the way at first,
novel digital tools for rewarding wayfinding solutions started to be developed

and as the capabilities of the mobile phone got more powerful, wayfinding
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mobile apps became more and more present such as the "My Visit” application

on iOS and Android for The Louvre Museum in Paris, France (Fig. 2.4).

@ YOUR PERSONALISED VISIT
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LB £ X PLORE THE COLLECTIONS

Figure 2.4: Screenshots of the “My Visit to the Louvre” application showing the navigation
interface and features (2016). Retrieved from
https://itunes.apple.com/ca/app/my-visit-to-the-louvre/id1100629786?mt=8

One of the biggest limitations was the indoor localization of the visitor.
Outdoor applications did not face such a challenge as they can use GPS. These
application types are perfect to guide the user outdoors by revealing the
directions and distance between the user and their destination. In enclosed
places such as buildings, airports, and markets, however, GPS satellite signals
become weak or non-existent; therefore, GPS is not suitable for indoor
positioning and navigation (Alnabhan, 2014). 64 museum mobile applications
from around the world were evaluated in 2011 in the survey “Promising

beginnings? Evaluating museum mobile phone apps”; 54 applications out of 64
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fell under the guided tours type. What is interesting about those 54 applications
is that the navigation they used was following the spatial layout of the exhibits or
their chronological or alphabetical order which doesn’t take the indoor position
of the visitor into consideration (Economou, 2011). We seem to still be on the
look for the best way to build the “Google Maps" of the indoor spaces.
According to Roussou (2018), the reason is that user’s indoor location has to be
accurate enough for the tool to be helpful. Suggested technologies such as
Wi-Fi fingerprinting or Bluetooth beacons do not seem to offer a sufficient level
of accuracy, “Location awareness in cultural settings remains an open issue for
museum mobile applications, particularly in the case of indoor settings, in which
automatic solutions are not mature enough to support accuracy of less than a
2-3 m range”(p.4). Alnabhan (2014) elaborates on that from the technological
side: “these system types need to implement complex and accurate calculations
to determine routing paths before navigation starts - which could be affected by
unstable Wi-Fi signals” (p.1).

If indoor localization can be digitally solved, a dynamic digital map could
then be considerably useful. Adding the user’s indoor position and rotation to a
map would obviously decrease the cognitive load that conventional printed
maps normally require. The focus of these computational models lies primarily in
the creation and exploration of the cognitive map (Raubal, 2001). An interesting
computational approach was by O'Neill who created an artificial neural network

of choice points and connecting paths from a textual list of places. A search for a
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route starts by stimulating the start and goal nodes. The activity propagates
from these two nodes through the network until it intersects creating the
shortest and fastest route (Raubal, 2001). This route is what navigators try to
mentally draw and imagine on the printed maps.

What about the cognitive demands generated by static and conventional
signs? Augmented reality (which is the technology that superimposes
computer-generated objects over a real scene that is captured in real-time) is
another digital solution that could provide the user with virtual signs that can be
displayed whenever needed, wherever needed, and in the preferred language
of the user. A similar approach might then reduce the related cognitive
processes. Signs would be accessible on the requested path, identifiable when
they appear on the visitor’s eye level, and understandable in the chosen
language. The computer-generated elements can be 2D or 3D graphics, text,
audio or video that augment and integrate with the physical world to reveal
useful information to the user (Alnabhan, 2014).

Hence, the information provided by a digital approach might have the
best impact on wayfinding speed and accuracy. It is dynamic and
interchangeable and offers the opportunity to be available in different
languages, an idea that | revisit through the development of my prototype. To
develop an improved wayfinding solution, especially an augmented reality
application, the next thing to look at is how to solve the accuracy problem of

indoor positioning. | believe the latter to be crucial for an intuitive wayfinding
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experience. In the next section, | discuss the motives and expectations of visitors

facing the digital approaches adopted by museums.

2.3 Visitor Engagement Approaches in Museums

How do museums build their audience and what are the digital approaches that
they follow to engage their visitors every time? What are the strategies that most
museums have been following to enhance the experience and interaction of their
visitors with the artifacts exhibited in their space? In this section, | discuss the research
that identifies the different types of museum visitors based on their interests and
needs. | also present projects and examples that illustrate current digital approaches

for encouraging visitor engagement.

2.3.1 Types of Museum Visitors

Museum management priorities have been subject to a significant shift in
recent years (Falk, 2016). Museums have responded to the intense financial
pressure by seeking ways to broaden their visitor appeal and attract a more
diverse audience through enhancing their visitor engagement and encouraging
a balanced use of resources (Barron, 2017). Knowing the museum audience'’s
needs became the focus of many researchers. Falk (2009) identifies five identity
types for museum visitors based on individuals roles that they play at certain

times during a museum visit. These types are:
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1- The explorer: the typical museum visitor who likes to experience and
learn something new.

2- The experience seeker: the tourist who wants to see an iconic place or
item, in order to check it off a personal passport of “been there, done that”.

3- The facilitator: the person who is at the museum for the benefit of
another person’s experience, such as a mother with a child or a local resident
with visitors from out of town.

4- The professional/ hobbyist: someone who has great knowledge of a
topic and wants to see what the museum has or knows, or if the museum would
like to learn from him.

5- The recharger: someone seeking a place of beauty or quiet or
inspiration to refresh personal life, often in a relaxing manner and generally not
linked to information gain.

Those roles are affected by their interests and their visit's objectives. A
person may demonstrate one interest or another at different times and to some
degree, everyone plays out the different roles through time, depending on a
variety of factors. To better engage as many visitors as possible, Falk
recommends applying different strategies to satisfy each of the different types in
exhibits marketing, advertising, programming and evaluations. It is crucial to
consider the differences between those five types to engage diverse audiences

such as museum visitors.
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Audience'’s interests are also affected by age and generation. There has
been recent interest from museums to target Generation Y or ‘Gen Y’ by
creating activities specifically developed for this group of visitors (Barron, 2017).
Gen Y (1982-2002) are frequently described as the ‘hero’ and 'net generation’.
They are good at learning new things and are technologically advanced. Many
of them are even living a completely immersive online existence (Nusair, 2011).
Museums are focusing on visitors from this age group as a means of evolving
and extending their brand identities. Gen Y is identified with very different
characteristics from preceding generations like the Baby Boomers and
Generation X with respect to their particular mindset, attitudes, behaviours and
beliefs. Gen Y appreciates instant gratification and possesses a corresponding
short attention span (Leask, 2013). In research about Gen Y's behaviour when
visiting museums, It was found that this group prefers to interact with exhibits as
opposed to being passive participants in the experience (Moscardo, 2010).
Subsequently, digital and interactive approaches in museum engagement and
involvement with the arts seem to be the answer to this visitors group’s needs

and interests.

2.3.2 Digital Approaches

Van Der Vaart's study (2016) suggests that text labels are often not

thought to be attractive interpretation tools, and most visitors have more
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interest in interacting with 3D objects. On museum management and
curatorship, Barron (2017) encourages museums to engage Gen 'Y visitors
through an interactive digital approach as this generation is known by the close
relationship with technology. He recommends the combination of large exhibits,
an element of technology, some interaction, and opportunities for co-creation as
a guiding principle when developing methods of engaging this audience.
Therefore, museums might wish to consider the provision of activities to
encourage exploration of different exhibits and galleries, perhaps through the
provision of planned ’selfie-spots’ or self-curated interactive tours. Furthermore
The visitors’ extensive use of digital communications pre-, during and post-event
could be used further to develop recommendations to friends and family and
encourage the intention to revisit and develop an ongoing relationship with the
museum.

Mobile applications are one of the most personable digital approaches
that museums started adopting since 2009. Economou (2011), evaluates 64
museum mobile apps based on their content. A few of those apps were game
based, a couple allowed content manipulation and few others were devoted to
a single artwork. The goal of all these apps is to extend the museum experience
beyond the museum walls. Another more recent study “Quel est le réle de
I'application mobile dans la valorisation de I'expérience muséale?” in 2017
confirmed that participants especially the young ones who are used to

smartphones were in favour of the museum mobile apps. They highlighted the
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positive features into 4 different values:

1- Recreational, such as accessing a dematerialized truth through the use
of augmented reality for example.

2- Educational, such as researching complementary information about an
artifact.

3- Social, such as sharing information and experience with friends.

4- Personalization and appropriation, by living a unique and personalized
experience. (Ben Asr, 2017).

Digital solutions can also open the door for new audiences based on a
field study about the attitudes and behaviours of Canadian cultural consumers
(Culture Track: Canada, 2018). The report showed that visible minorities are
more likely to identify with a digital or virtual component that fits with their
cultural experience, suggesting digital can be used as an even broader tool to
facilitate engagement for diverse audiences. The new technologies in the
mobile phone provide the potential to enhance museum communications within
the gallery space and with the visitors, but that is not always easy to accomplish.
Roussou (2018) states: “The dominance of the device with regards to the user’s
attention and the challenge to balance the visitors’ attention between handheld
devices and the exhibition space is a known and fairly well-explored issue” (p.3).
Roussou’s study in the Acropolis Museum in Greece extracted interesting
insights. The findings of the interactive digital experience through personalized

mobile apps usage outlined the positives and drawbacks of the design. Among
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the main positive comments: The increase of learning and attention, the source
of motivation and inspiration to try new ways to interact with the art, 2D and 3D
images helped visitors better approach the work and better connect to it in a
new and intriguing way even for visitors who have been in this same museum
before. On the other hand, some shortcomings were also clearly defined: things
were fragmented for example, static, too much looking at the screen, confusion
on how and when to use the screen, and limitation of the social interaction due
to the distraction exerted by the handheld device. Based on those takeaways
one can sum up some of the design guidelines for digital approaches:

1- Use the immersive and engagement power of fiction to spark visitors’
interest in the facts without overflowing the visitor with information.

2- Keep story sections short, provide a “story progress bar”, and inform
visitors whether the content is related or not to the exhibit.

3- Give the visitor (the illusion of) control, as museum visitors are
increasingly demanding a digital agency and expecting instant gratification.

As discussed above, digital approaches generally aim to enhance visitors'
understanding, and engagement with a museum’s exhibits, but visitors often
find themselves in a position where they have to choose whether to focus their
attention on the digital offer, or the physical object itself. Augmented Reality
(AR) is one digital approach that allows the close combination of object and
information together, as it augments physical objects or exhibits with additional

digital content (Van Der Vaart, 2016). After their study, Van Der Vaart concludes
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that the most positive museum experience seems to combine physical and
digital interaction with the object itself and engagement with information that
provide visitors with a fuller understanding of the object.

In the following section, | discuss Augmented Reality and its uses for
indoor wayfinding as well as for interaction and engagement with arts and
exhibits in museums. This will be the final segway toward creating my proposed

digital solution.

2.4 Augmented Reality (AR) Platforms

As discussed in the previous section, digital solutions in museums could distract
the visitor from the surrounding physical world. Since the 1960s, computer input has
been tangible and physical (e.g. mouse, keyboard, screen, etc.). When a computer
interface is visible, it creates a gap between the real world and the digital information.
This gap could hold back the intuitive interaction of the museum visitor with the real
world and the physical objects existent within it. Although the technology itself is not
new, Augmented Reality (AR) has recently become more popular and has been seeing
a lot of improvement from hardware as well as software standpoints. The overarching
goal of AR is to make computer input and interfaces invisible and enhance user
interaction with the real world (Billinghurst, 2017). Following this logic, digital
navigation directions, as well as informative interactions with art in museums, could

then be made more intuitive using augmented reality. In this section, | introduce the
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technology of Augmented Reality (AR) and its current application and potential in the

field of indoor navigation as well as engagement with arts in museums.

2.4.1 Introduction

Ron Azuma (1997) defines Augmented Reality as a technology that has
three key requirements:
- It combines real and virtual content
- It is interactive in real time
- It is registered in 3D

Azuma'’s definition seems to be the most commonly accepted among
researchers, but not many references mention augmented reality or try to define
it without comparing it to virtual reality. Augmented Reality researchers
constantly base their definition on Milgram’s mixed reality continuum which is a

one-dimensional spectrum from real environment to virtual environment

(Fig. 2.5).
| Mixed Reality (MR) |
] 1
| - 1
Real Augmented Augmented Virtual
Environment Reality (AR) Virtuality (AV) Environment
Reality-Virtuality (RV) Continuum

Figure 2.5: Milgram's Mixed Reality continuum (Milgram and Kishino, 1994)

While the relation of augmented reality to virtual reality is understandable

from a technical and semantic point of view, | debate that each of their
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applications in the world is extremely distinct which means the implications and
design requirements of the user interface and user experience are also distinct
and need to be studied separately and without comparison. In a VR system the
user is completely separated from the real world (Billinghurst, 2017), while
augmented reality is registered in 3D in the real space (Azuma, 1997). So in a
physical and real world wayfinding setting, virtual reality cannot relate and highly
differs from augmented reality due to the locomotion of the user in the physical
space and the constantly changing viewpoint. Billinghurst's (2017) comparison
shows that In a VR system the display device should be fully immersive and the
3D graphics as realistic as possible. In contrast, in an AR system, the display can
be non-immersive but the tracking must be as accurate as possible to create the

illusion that the virtual content is fixed in the real world. (Table 2.1).

Virtual Reality Augmented Reality
Replacing Reality Augmenting Reality
Scene Generation requires realistic images minimal rendering okay
Display Device fully immersive, wide FOV | non-immersive, small FOV
Tracking and Sensing low accuracy is okay high accuracy needed

Table 2.1: Virtual Reality and Augmented Reality technology requirements. (Billinghurst, 2017)

Rekimoto's (1995) comparison of HCI styles seems to better clarify this
distinction between traditional desktop computer interfaces and those that
attempt to make the computer interface invisible such as augmented reality (Fig.

2.6). This is when the physical world and the computer interface are in the same
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line of sight, which is ideal for a wayfinding setting, where the physical and

virtual merge (Fig. 2.6.d).
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Figure 2.6: Rekimoto’s comparison of HCl styles (R = real world, C = computer)
(Rekimoto, 1995)

2.4.2 Potential for Growth in Consumer-level AR

In the past few decades, most of the AR research was focused on military
and government research labs, rather than academic or industrial settings.
Today augmented reality is evolving rapidly and showing promise of mass
adoption (Billinghurst,2017). Industry analysts are expecting Augmented Reality
to acquire 1 billion users by 2020 and the worldwide user base of AR and VR
games to grow to 216 million users and be worth 11.6 billion U.S. dollars by
2025. In 2016, 150 thousand shipments of AR glasses were shipped. This

number is expected to rise to 22.8 million units by 2022 (Fig. 2.7). These
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statistics give a clear picture of the market potential and worth of AR. With
startups and tech giants both taking initiatives to leverage this technology, it is

obvious that the future of augmented reality is bright and lucrative.

25 000

22 801

£ 20000

4 15 000

£ 10000

5 000

150 340

2016 2017+ 2018* 2019* 2020* 2021* 2022+

Figure 2.7: Smart augmented reality glasses unit shipments worldwide from 2016 to 2022 (in
1,000s) (Statista, 2019)

The first AR headset was developed by Ivan Sutherland in 1968 to display
simple wireframe drawings. The public development of AR started in 1998 which
leads to the establishment of the first couple of AR dedicated companies. Since
then many AR toolkits were created for developers and several companies
joined the hype. The rise of the smartphone and particularly the iPhone in 2007
offered real-time computer vision tracking and powerful 3D graphics. In 2017,
Apple released ARKit, a public AR development platform allowing developers to
create AR experiences for iPhones and iPads. Later, in 2018, the Android

platform released ARCore which offered more opportunities for AR
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development, especially outdoors, through combining the different mobile
sensors such as camera, graphics, GPS, and inertial compass. This helped
mobile phone-based AR experiences become more and more popular.

Thanks to consumers’ access to technology, ranging from web to
smartphones, and head-worn displays such as “ Google Glass”, it became easier
to develop AR applications. Free available tracking libraries such as ARToolKit
and the Qualcomm’s Vuforia SDK made it possible for even non-programmers
to create AR experiences (Billinghurst, 2017). According to Bimber (2012), earlier
research on AR focused on head-mounted displays and backpack computers;
currently, it includes a variety of enabling technologies, such as camera phones
and other handhelds, advanced projector-camera systems, and AR-extended
professional devices, such as x-ray scanners. Therefore, AR is evolving to soon
become a solution that is used in our everyday routine (Shamsuddin, 2015).

Today, AR is becoming on the verge of widespread commercial
acceptance as it is being available in numerous application areas such as

gaming, medicine, mobile, marketing, retail and of course museums.

2.4.3 AR Applications Supporting Wayfinding

As discussed in previous sections, wayfinding is a complex cognitive
process, especially in complex indoor spaces like museums for example. People

experience difficulties in identifying the locations of wayfinding aids (e.g. signs,
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maps etc.), understanding terminologies and pictograms on signs and being
assured of the destination while following a series of signs. According to Kim
(2015), current wayfinding aids are insufficient to support a person's natural
navigational behaviours, and Augmented Reality (AR) has great potential to
supplement those aids. The research included an AR-enabled system in a
hospital hosted on a mobile device to enable ubiquity and portability of the
wayfinding services. The design was informed by what they outlined as the
general wayfinding requirements in a complex environment:

1- Identifying current location, orientation and destination

2- Identifying elevators and stairs and room numbers from a distance

3- Being reassured of the destination while navigating the space

4- Being accessible and portable through mobile devices such as
handheld devices.

AR applications can possibly enhance a user's experience when
navigating the space by providing real-time information about the destination
and its features using graphics, text, audio, and video. The possibilities of the
experience multiply when the application is constantly informed by the indoor
localization of the visitor in the physical space and visualizing this position as the
visitor moves around. The two main approaches to solve this task are: wireless
connectivity and visual tracking.

Wireless Connectivity: Since 2011, the most common solutions for

indoor positioning were through wireless technologies such as GSM, WLAN,
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Bluetooth, Infrared, and RFID. Unfortunately, the low accuracy and low signal
rate of these technologies are a big obstacle for an approach like augmented
reality (Table 2.2). Alnabhan (2014) lists the following possible techniques:
ultrasound, optical marker-based, optical markerless, magnetic, inertial,
ultra-wide-band (UWB), hybrid, accelerometer, active RFID, passive RFID, and
Wi-Fi fingerprinting. Many of those technologies are not feasible because of
their infrastructure’s cost, the complexity of implementation, their accuracy level,
update rates, operating range, portability and so on. In addition, Huey (2011)
negatively highlights the facts these approaches make indoor navigation highly
dependent on the availability of a wireless connection in the building. For the
project “/INSAR" hosted on Android devices, Alnabhan (2014) used the WiFi
fingerprinting technique as a positioning system which is more accurate than
GPS, but with a considerable margin error that could reach 7.2 meters, it

needed a lot of improvements.

GPS GSM | WLAN | Bluetooth | Infrared | RFID
Range Wide | Wide | Micro Micro Pico Pico
area area area area area area
Accuracy | No Low Low Low High High
signal
Signal No Low Mid Low Lowest Lowest
Error signal
Rate

Table 2.2: Comparison of heterogeneous positioning technologies (Huey, 2011)
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Visual Tracking: It is agreeable that for augmented directions to be
intuitive, accuracy is crucial when superimposing virtual elements in the space.
From a technological standpoint, superior tracking ability could stabilize the
virtual counterparts in real space, while poor tracking ability typically incurs
image flipping or fidgeting. Ventura (2014) introduces the Visual Simultaneous
Localization And Mapping (vSLAM) which uses computer vision to triangulate
and track thousands of points related to surface landmark features in the
physical environment through the use of a monoscopic camera. This allows the
system to provide an accurate pose estimation of the handheld device’s
viewpoint across a wide range of viewpoints in the scene. The state-of-the-art
tracking visual techniques include (1) marker tracking, (2) markerless tracking and
(3) extensible tracking which allow the computer to calibrate the visitor's spatial
positions relative to the physical space and know whereabouts the virtual model
should be placed. Kim (2015) developed an AR application that relies on a
marker that the user needs to scan at every turn or decision point. While this
approach achieved much more accurate results and provided a more precise
localization of virtual elements than wireless tracking, it is debatable if a similar
experience that relies heavily on manually scanning visual markers can be
claimed to allow seamless navigation of the real world. Although not a viable
solution, Kim's system architecture is a good inspiration for future improvements

(Fig. 2.8).
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Figure 2.8: Methodology of AR-based wayfinding mechanism and testbed (Kim, 2015).

Can AR based wayfinding overcome the many cognitive processes
required in conventional wayfinding? The findings of Shamsuddin (2015) and
Kim (2015) have proven the positive impact of AR on wayfinding performance.
AR facilitated the participants’ coverage of the indoor space and improved the
time needed to arrive at the final destination. Shamsuddin (2015) states:
“augmentations such as direction indicators, maps, and path restriction can all
greatly improve both wayfinding performance and overall user satisfaction”. The
current wayfinding research using AR seems to encourage the development of
methods for analyzing the factors that are affecting wayfinding behaviour. The
hope is that augmented information that is superimposed over the real-world
can mitigate many problems in identifying and understanding spatial accuracy
between the real-world environment and wayfinding aids. What is also beneficial

about using this technology in museums is the versatility of the output and the
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endless possibilities for content and visualization. It presents the capability to
incorporate other activities in the museum such as interacting with the exhibits

to encourage visitor engagement.

2.4.4 AR Applications Supporting Engagement

Among the 71 museum applications that were evaluated in the survey
" Promising beginnings? Evaluating museum mobile phone apps”, Economou
(2011) identified only seven that offered Augmented Reality (AR) features. The
application “How It Is” of Tate Modern was highlighted as a good example of
AR mobile experience in a museum. The application is basically an AR audio
tour with an experiential approach borrowing from interactive game features to
build an audience. In the previous couple of years, many more museum
applications that used augmented reality appeared as a medium to engage,
educate, and awe museum visitors. Among the more recent examples, the
Museum of London (London, UK) Street Museum application allows visitors to
overlay images from the museum’s photography collections on present-day
London street scenes. The Van Gogh Museum (Amsterdam, the Netherlands),
used AR to assist visitors to visualize x-rays, infrared and ultraviolet captures on
top of original paintings (Van Der Vaart, 2016).

The “ReBlink” is another good example of a successful museum AR

application and exhibition that uses intriguing ways to get viewers into the
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gallery and excited about art (Stephenson, 2017). It was hosted at the Art
Gallery of Ontario - AGO in 2017. Although information about the art was not
the goal of the application, " ReBlink” was very successful in drawing a lot of
attention to the AGO and increases visitor engagement time with the activated
paintings. It allowed visitors to view traditional paintings in a recontextualized
modern twist using Augmented Reality. Visitors either chose to download the
free ReBlink application on their mobile device or use the in-gallery tethered
iPads to view selected paintings come alive in 3D rendering animations. The
experience makes the 2D painting act as a window to another 3D world that has
depth and perspective that change with the position of the visitor (Fig. 2.9). The
application evaluation report shows that most visitors thought the experience
was very novel and exciting, many were international visitors and the app had a
broader reach than anticipated. Almost half of the users did not mind using their
own device, most of which never encountered AR in a museum before. The
impact of this exhibit on visitor engagement was studied through a qualitative
analysis of the participants’ responses. The reaction was overwhelmingly
positive; over 84% of participants felt that ReBlink engaged them with an
artwork they would have normally walked past. Many said it made the artwork
come to life, and that the remixes were amusing and unexpected. Although
some complained that the content was amusing but not informative, the findings
show the acceptance of the audience to a novel medium such as AR in

museums.
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Figure 2.9: Promotional image for ReBlink. (C) Art Gallery of Ontario (AGO). Retrieved from
http://www.ago.net/assets/images/555/Reblink-image.jpg

The emergence of ARKit and ARCore by Apple and Google in 2017
made AR development much easier and less costly. More applications started to
integrate AR features, and museum applications were no different. One of the
most recent AR-activated exhibitions at the AGO was “Anthropocene” in
December 2018. It is an installation of different objects and images that are
augmented through a particular application called AVARA. The experience
brings to life three near-to-life size Augmented Reality (AR) installations and

activates film footage in four mural-sized photographs (Fig. 2.10).
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Figure 2.10: Image on the AGO website promoting the Anthropocene Exhibition. Retrieved from
https://ago.ca/sites/default/files/styles/image_small/public/2018-10/A-194846.jpg

A User testing of the application was conducted with 20 participants and
the experiment showed many issues in the application. Most of those issues
were user experience related and centered around pages that were content
heavy or unnecessary. Some visitors struggled to use the application and found
it confusing. Despite all those issues, the exhibition’s audiences of all ages had a
good response to the AR experience that the application provided. The
combination of art and technology blew everyone away. The experience joined
imagery with videos as well as real size 3D models of animals and objects that
visitors engaged with from all sides. Though most responses commented on
how exciting AR was, the novelty of the technology did not overshadow the
work but it complemented it with an extra layer of information. This exhibition

was yet again another successful example of AR experiences.
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2.5 Summary and Design Space

| intend to build an intuitive indoor wayfinding solution that supports visitors’
navigation in museums. The goals of the solution are to intuitively lead visitors to their
arts of interest and to offer the opportunity of interaction and engagement with them
in a multisensorial manner. This chapter highlighted the main problems and issues that
face indoor wayfinding and limit engagement with arts in museums. Firstly, | defined
wayfinding and the cognitive processes related to static wayfinding approaches. |
differentiated the different types of museum visitors. | highlighted the importance of
knowing the interests and preferences of each type to create a relevant and satisfactory
experience and to attract more audiences. Finally, | introduced the current ongoing
research of augmented reality and the different applications of this technology in the
fields of indoor wayfinding as well as engagement with art in museums.

Through my discussion and comparison of different indoor positioning
approaches for AR, the visual tracking solution is the most accurate and most reliable.
This precision is vital to the creation of an augmented reality experience, so | embark in
the next chapter on a technological exploration journey of computer vision algorithms
and plugins to better detect the world through the device’s camera. My goal is to
display 3D arrows in perspective and anchored in the physical space to intuitively lead
the way when a visitor searches for a particular exhibit.

For the engagement side of my system that | want to build, | consider all the

takeaways from the contextual review and use the main design guidelines learnt
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through the evaluation of previous projects. For the sake of this research, and as |
mentioned earlier | focus on first-time visitors that are explorers in nature and Gen Y as
a target audience. | aim to create an experience that speaks to most visitors types so |
will attempt to awake most of the senses when designing the interaction with the art. |
will explore the use of visuals by 2D and 3D graphics, audio through sound and music,
and haptics by using the device’s vibration motor.

In the next chapter, | follow a user-centered design approach to design and
build MRsive, a mobile-based AR solution. | present the adopted research through
design methodology and related methods to make and evaluate the system. |
incorporate the usability goals and process while explaining the different sides of the
methodology rationale. The goal is to study how my use of accurate indoor positioning
and augmented interactions impact the museum visitor's spatial ability during

wayfinding and engagement with the art.
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Chapter 3. DESIGNING MRsive

My research focuses on improving the field of indoor wayfinding and
engagement with points of interest in the space by creating a novel tool that disrupts,
transforms or complements the current state of the field. | call this tool: “MRsive”. It is
an augmented reality application that helps visitors better navigate the museum
galleries and engage with the artifacts in the space. To validate my design, | situate the
research in the context of a museum and | take The Art Gallery of Ontario - AGO in
Toronto as a use case. In this part of the thesis, | present my methodology by
explaining in details the complete process of designing, developing, and evaluating
MRsive. Theory and practice equally influenced my methods and shaped my design.

| follow the research through design (RTD) methodology which is known to
speculate on what the future could and should be based on an empathic
understanding of the stakeholders, a synthesis of behavioural theory, and the
application of current and near current technology (Zimmerman, 2007). Research
through design is very relevant and popular among the HCI (Human-Computer
Interaction) practice community where the new interaction design becomes the object

of research and evaluation. Zimmerman states that the research model in this
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methodology allows researchers to study the world and then to make things intended
to affect change. The latter aligns with my vision. To create MRsive, RTD proposes
three main steps: 1- to identify new technological opportunities that will impact the
world; 2- to create novel artifacts; 3- to validate the contribution. | divide my research
and creation journey into three stages: need-finding, prototyping, and evaluation as
shown in the chart below (Fig. 3.1). This chart illustrates my process which combines
theory and practice and displays different related methods.

To evaluate my contribution, research through design proposes four critical
lenses and | discuss them further in the last subsection of this chapter: 1- | document
my process; 2- | demonstrate the invention or novelty of the design; 3- | validate the
relevance of this work, and finally 4- | prove the ability of my research outcomes to be
extensible and usable as a basis for new research. To highlight the success of my
design and outline the shortcomings, | add more layers of validation through user
testing. Research through design as a methodology is critiqued to rely strongly on the
research traditions of other disciplines (Dirin, 2018), so | reinforce the findings by
following a user-centered design approach from the beginning till the end of the
project.

The three stages of the project are better illustrated and clarified in depth in the
three following subsections of this chapter. First, the need-finding is crucial to bring
empathy for museum visitors, mainly newcomers, tourists and first-time visitors.
Between October 2018 and December 2018, | was hired as a research intern at the

AGO museum where | was able to closely work with the digital team and the visitor
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research department. The internship allowed me to observe and interview the AGO
visitors so | can define their wayfinding and engagement pain points in the space.
Second, the prototyping stage is where the making and the development of MRsive
happens. The results of the need-finding stage inform my design and the project goes
through different iterations to move from ideation to a functional prototype. | intend to
make the ‘right thing’ that transforms the museum experience from its current state to
a preferred and more enjoyable state. In order to achieve that, | employ my
background in user experience design and visual communication. Those skills help me
build my tool to be functional and user-friendly and create an aesthetically appealing
interface. Finally, for the third stage, the evaluation of the prototype also takes place at
the AGO where | conduct user testing. As a final step, | compare the original pain
points and needs with the new results and critique the findings. The goal is to validate

the interaction design and its contribution to research.

WAYFINDING HUMAN-CENTERED VIRTUAL ENVIRONMENT
& ENGAGEMENT DESIGN EVALUATION
f Taxonomy of Wayfinding tasks Research Through Design as a Method A Survey of Augmented Reality
[Wlener et al., 2009] for HCI... [Zimmerman et al., 2007] Navigation [Billinghurst et al., 2017]

Wanindin Behaviors in Complex Examining UX in Mobile AR Tourist UCD and Evaluation of Virtual
_ Buildings ﬁJ etal., 2016] Guide [Strelak et al.,2016] Environments [Gabbart et al., 2009]

Flow, Staging, Wayfinding, Promising Beginnings? Evaluatin Implementing an AR-enabled
Personalization:... [Roussou et al., 2018] Museum... [Economou et al.,201T] wayfinding... [Kim et al., 2015]
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Figure 3.1: Theory-Practice Process Map of Designing MRsive
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3.1 Need-Finding

As mentioned in the first chapter of this thesis, my main motivation for this
research and project is my personal spatial anxiety in indoor complex spaces. | always
find myself lost or confused in big venues such as museums. Since 2015, | have shared
with several people my disappointing experience at the Museo Reina Sofia and
Guernica. The story of how | got lost and how | couldn’t connect with the painting was
something everyone could relate to. They said something similar has happened to
them at one point. Realizing I'm not the only one who is constantly frustrated with
indoor wayfinding and engagement with the arts, | started brainstorming through
reflective practice. There must be a more intuitive solution than static methods to
enhance the navigation in museums and boost the engagement with the artifacts in the
space. As an initial step, my process starts by finding the main pain points of the AGO
visitors to ensure their needs are answered through my design.

The methods | decided to use for this need-finding stage are observation
accompanied by note taking, and semi-structured interviews. Working closely with the
AGO staff during my research internship allowed me to access and scan the previous
work that had been done on the visitor wayfinding and visitor engagement research
and analyze the results. The weekly meetings and discussions with the digital team and
the visitor research department helped me define the two spots that had the most
challenging wayfinding experience at the AGO. | decided they will be the stations of

observation and interviews of the visitors. The lower floors are big and complex and
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include different collections; this may be too overwhelming for some. As for the second
spot, AGO staff collectively agreed, based on previous surveys, that visitors find it
difficult to find the fourth or fifth floors where the temporary collections are hosted.
The main challenge is to locate the elevators that go up to these floors. There is one
elevator right after the main entrance but it only goes up to the second floor. The right
elevators are located on the exact opposite side of the museum from the main
entrance, hence the confusion. The findings of the employed methods are illustrated in
details in the two following subsections. The first subsection expands on the
observation method complemented by note taking, while the second subsection

discusses the interview questions and answers.

3.1.1 Observations and Note Taking

| strolled around a room not too far from the main lobby and also around
the elevators of the upper floors. | observed the space and took notes of the
visitors’ wayfinding and navigation behaviours. | frequently noticed visitors that
were rotating the printed map with a frustrating look. Some tilted their heads in
an obvious attempt to figure out what direction they were facing. They were
clearly struggling in locating their location or the location of their points of
interest on the map. After closely examining the museum brochure, this
observation was understandable: the orientations of different elements on the

map were inconsistent. Unlike the common standards, the AGO map had the
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north directed to the bottom of the page and the south to the top. The map is
printed in this direction to place the AGO main entrance at the bottom of the
page so the visitor could align what they see ahead with what is on top of the

page (Fig. 3.2).
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Figure 3.2: Top view map of the AGO’s main level found on the museum'’s brochure and
website.
(a) North direction of the compass points towards the bottom. (b) Main entrance points towards
the top.

This unconscious shift of attention between the map and space ahead is
known in cognitive sciences as “task switching” (Jersild, 1927). It is a common
executive function that the map reader needs to relate the static map to the
physical environment (Lobben, 2004). All floors were printed in the same
direction as the first floor, north direction pointing to the bottom. The obvious
reason for this decision is to cater to the main entrance that is located in the
south of the building's first floor. Unfortunately, though, the entrances of all the

other floors are located in the north of their respective spaces (Fig. 3.3).
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Figure 3.3: Top view map of the AGO's first floor, found on the brochure and website.
(a) North direction of the compass points towards the bottom. (b) Floor entrance points towards
the bottom.

This misalignment needs a mental “object rotation” which is a cognitive
process that, as previously discussed, negatively impacts the visitor's speed and
accuracy of map-reading and navigating.

On the other hand, when it comes to engagement, | noticed that only a
few people were reading the labels of the artifacts known as “tombstones” in an
attentive manner. The few people | spotted reading the labels had to lean
sideways or bend forward to better read the descriptions written on the side of
the art in a small font. The effort needed for this action was pretty clear. Most
other visitors seemed to run through the space gazing at some arts here and
there and occasionally stopping at one of them for few more seconds before

moving onto the next one.
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3.1.2 Semi-structured Interviews

To gain more direct insights, | talked to visitors following a
semi-structured interview around the fourth and fifth floors which are agreed to
be hard-to-find destinations. | developed my interview questions (see
questionnaire in Appendix A) under the supervision of the visitor research
department. Table 3.1 summarizes the details and demographics of the 36
participants that were randomly selected at the AGO. | ask participants my
intended questions in a casual way to encourage them to naturally share as
many insights as possible. The findings are divided between first-time visitors
which are the main focus of this need finding stage and non-first-time visitors.
No rewards were given to the participants. All collected data were anonymized
so that the participants cannot be identified from the results presented in this

study.

Participants Total ! Males Females Age Average Other Languages?
Ist Time 23 1 10 13 8415 years 10 out of 23
Visitors :

Non-1st Time 13 5 8 47 .3 years 2 out of 13

Visitors

Table 3.1: Demographics of the 36 randomly selected participants

Participants were asked to rate how intuitive the wayfinding approach at
the AGO is, on the Likert scale of one to ten. The same question was then asked

concerning other museums they have previously visited. Rating one means “not
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intuitive at all” while ten means “extremely intuitive”. The same scale and rating
questions were asked about the engagement approach as well, for the AGO
and also for other museums. Table 3.2 below shows the results and median

scores generated from these questions.

E WAYFINDING SCORE E ENGAGEMENT SCORE
Participants  Total E AGO Other Museums E AGO Other Museums
stTime 55 54 7/10 410 8/10
Visitors ; ;
Tlrwgr\‘/llitors 4/10 7/10 6/10 7/10
Visitors 36 3/10 7/10 5/10 8/10

Table 3.2: Answers to the scores questions in the need-finding interview

It was also interesting to note the frequency of use of every wayfinding
method. Even though the number of participants is not big enough to consider
the results as generalized statistics but it is interesting to note the big difference
between the use of printed maps among first-time visitors compared to the use
of maps among non-first-time visitors as shown in Table 3.3. It is also notable
that most visitors relied on asking volunteers for directions in person rather than

consulting the printed map that some had already in their hands.
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WAYFINDING METHODS

Participants Total ; Nothing Signage Map Vo?j:f;iers
P T s 7 :

Tirr’:leo\'};:i?cf)rs 13 2 0 ! 10
Visitors 36 5 5 8 18

Table 3.3: The frequency of use of wayfinding methods at the AGO

Furthermore, participants were asked to suggest different solution ideas
to make navigation and interaction with the arts at the AGO easier. | highlight
some of the verbatims below:

e "Apath to follow like IKEA’s path to know where to start from because
we started this exhibition in the opposite direction.” (M, 50s, first-time
visitor).

e "l would like an app on my phone that gives me information when | point
at things.” (F, 60s, Member)

e "] wish there was a wayfinding system in the Museum like what they have
at IKEA, | mean arrows on the floor. | also would like clear information.”

(F, 30s, first-time visitor)
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3.1.3 Summary

In summary, the remarks and answers highlighted important points and
needs. After close analysis, the observation notes and interview results helped
me generate ideas and inspired my design decisions. The top view map, for
example, should preferably rotate dynamically with the orientation of the user.
Language support shouldn’t be overlooked. Augmenting the art descriptions on
tombstones could be helpful to attract more of the visitors’ attention. Intuitive
signs and directions are needed to find destinations easier. In situ information
and interaction with the arts would be valuable to test. The following section will

discuss the prototyping process to develop the MRsive system.

3.2 Prototyping: Ideation, Design And Development

This stage is an agile and cyclical process including three steps: ideation, user
interface (Ul) and user experience (UX) design through paper prototyping, and
development through digital prototyping. The following three subsections expand on

those steps respectively.
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3.2.1 Ideation

The previous stage helped in locating the possible pain points of
wayfinding and engagement at the AGO. Informed by those results, | started
brainstorming and sketching different potential digital solutions until | had the
main guidelines and skeleton of my tool that | later called “MRsive”. The goal is
to show visitors the way around the AGO museum in an intuitive manner while
invigorating their senses and inspiring their imagination. MRsive intends to make
the usual museum visit an immersive experience, hence the name pronounced

“immersive" and the logo design (Table 3.4).

3D environments are usually represented with red and

green shifted filters which | applied to the letters M and
= R of the MRsive logo. The point is to emphasize the
embedded acronym MR which stands for mixed reality.
Ive The acronym is placed within a black circle representing
the location pin seen on GPS maps. The repetitive

outlined circles represent the transition from real to

virtual.

Table 3.4: Logo design for MRsive

Below are the potential solutions that speak to the needs of the AGO
visitors:
e A dynamic tool that is responsive to the user’s position and the art they
are looking at, rather than a static printed media.

e  On-demand display of virtual graphics or augmented reality turn by turn
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directions to consider IKEA's wayfinding approach (arrows on the floor)

without compromising the interior aesthetics of the space at the AGO.
e  Choice of different languages to help foreign visitors and tourists better

communicate and interact with the art in the space using their preferred

language.

Technology is at its best when it is invisible: “Machines that fit the human
environment instead of forcing humans to enter theirs will make using a
computer as refreshing as taking a walk in the woods.” (Weiser, 1991). Based on
that fact, handheld devices such as mobile phones are not the perfect host for
the generated ideas listed above. Using the phone, the visitor will obviously
need to worry about the device, and when and where to point the camera
during the experience (Fig. 3.4.a). Using an application on the mobile phone
would be a great start for prototyping because these devices are ubiquitous and
have all the sensors needed. Ideally, | imagine the solution to be more seamless
so a wearable device would be preferable. This is possible today using
head-mounted displays (HMDs) that uses video see-through displays (Fig. 3.4.b)
or optical see-through displays like in the case of smart eyeglasses (Fig. 3.4.c).
These devices would provide hands-free interaction but unfortunately, they are
clunky, expensive, difficult to develop content for, sometimes lack all the sensors
needed and with a limited field of view (FOV). Digital Futures is the name of this

Masters program and | am trying to design for the future when hopefully smart
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glasses are widely available in the market. This is to envision even a more

futuristic experience through smart lenses as seen in science fiction movies.

camera_

Figure 3.4: Different AR displays. (a) Handheld device's display. (b) Video see-through display.
(c) Optical see-through display (Smart eyeglasses)

3.2.2 UI/UX Design: Paper Prototype

| first focused on the user interface and user experience of the wayfinding
solution and like any UX designer, | decided to first paper prototype my design.
| took one trajectory from point A to point B, and | photographed different
angles through the journey. | then designed an imaginary virtual path laid in
perspective on top of the road to the destination or point B (Fig. 3.5.a). | also
included a top view map of the area and placed it on the corner of the view (Fig.
3.5.b). | printed all the elements that are supposed to be virtual on clear
transparent paper for every angle or decision point. | placed those prints in the
right order and made a flip book with all those pages. | asked colleagues to look
at each image and to think out loud as they flip the pages one by one. They

described what they saw and explained in details what they think is being
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communicated. The responses were a good indication of what was successfully

designed and what needed to be modified before it goes to the next step.

Figure 3.5: Wayfinding paper prototype. (a) Left: View without AR, (b) Right: View with AR

Most participants understood all the visual elements and symbols
without any help. Some of them suggested a few minor changes. | altered the
interface design based on the comments and started building everything

digitally.

3.2.3 Development: Digital Prototype

While GPS is the go-to solution for localizing the device outdoors, indoor
positioning is not as easy to attain because of the absence and inaccuracy of this
approach. To explore the full digital possibilities and leverage all the sensors
needed for locating the user in the building, | decided to build for iPhone which
| already owned. | used Adobe XD to finalize the user-flow and design the

interface. After scanning previous research projects and products, | defined two
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ways to localize the mobile phone indoors: wireless connectivity and visual
tracking. For MRsive, it is crucial for virtual elements to be accurately anchored
to the physical world as they are placed onto the perspective view of the space.
Unfortunately, wireless techniques such as beacons and wifi fingerprinting have
a bigger margin error than 1-2 meters so | eliminated this option. After Apple
and Google launched ARKit and ARcore around the end of 2017, the
capabilities of the mobile phone cameras multiplied and opened so many AR
possibilities such as markerless AR and ground plane detection. As previously
discussed in chapter 2, visual tracking is the right answer for my project and
approach. Computer vision can now provide the device with a visual memory
that allows it to recognize and detect previously scanned/saved spaces from any
angle. This digital detection and spatial awareness give the phone the full
capacity to locate the accurate 3D position of the device within that space. |
decided to work with the game engine Unity3D and export for iOS, the
operating system of iPhones and iPads. For the success of this plan, | needed to
learn new skills such as coding in C#, use the best of my Ul and UX design skills
for the interface design, 3D assets creation and a lot of agile iterations. | built
the system architecture for MRsive following the diagram below (Fig. 3.6). The
diagram was the guide that illustrates the general overview of how MRsive
operates. The input and output algorithms needed for this process are coded in

C# (see Appendix C).
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Before building anything, the Placenote SDK allows me to scan the world
around using the iPhone camera. The scan collects information about the
different depths of the surrounding space and generates a 3D point cloud and a
couple of horizontal and vertical planes that represent the details of the scanned
space (Fig.3.7). This 3D cloud is my reference to the real world after | import it to
Unity. Then, | create the virtual assets and design all of the augmented reality
output that occupies the right side of the diagram in figure 3.6. For the
wayfinding experience, Placenote allows me to anchor the virtual directions in

the form of arrows to the point cloud or the physical space.

Figure 3.7: 3D point cloud and planes representing the scan of the real world.
Green arrows and other virtual elements are manually added to the model in Unity.

As previously explained, the iPhone camera is capable to collect different
depths of the world it sees. This type of collection of data was previously
possible only through depth sensors such as the Microsoft Kinect using infrared

light waves (Zhang, 2012). Today, it is possible for a mobile monoscopic camera
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to gather similar information by tracking and mapping detectable features in the
surrounding environment based on light and shade. This method, called SLAM
(Simultaneous Localization And Mapping) has lately seen a lot of development
within the field of robotics and computer vision (Marck, 2013). As previously
discussed, vVSLAM triangulates and tracks thousands of points to allow the
system to provide an accurate pose estimation across a wide range of
viewpoints in the scene. Similarly, the Placenote SDK uses the camera to collect
different depths in the space through the detection of feature points. It
generates a 3D point cloud and vertical and horizontal planes that are imported
to Unity and used as a reference to the real world before accurately anchoring
the directional cues in the 3D space as AR objects (Fig.3.7). On the back end,
the system records those points and saves them to an online database so they
can be retrieved later when the user initiates the navigation.

When the wayfinding feature of MRsive is being operated, the camera
opens automatically and gathers visual information about the surrounding space
to self locate the device in this environment (Ventura, 2014). Through the
V-SLAM method and the computer vision technology, the system is able to
compare the live depths and feature points that the camera currently is
detecting to previously saved models and choose the correct database partition
and viewpoint. In other words, once this detection is triggered, MRsive is then
able to locate the coordinates and rotation of the device relatively to the 3D

space. And finally, once the self-localization is achieved, all the visual assets that
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were designed in Unity can now be displayed in their right locations, and
accurately anchored to the real world. In the event that the camera loses the
position lock, the virtual elements will stay in position, though sometimes they
might drift slightly, which has a minor impact on the experience. The system will
adjust its position automatically once the automatic localization happens again.
This is made possible because the iPhone, like many of the current smartphones,
is equipped with gyroscope and accelerometer sensors that continuously inform
the system on the relative location and rotation of the device. This six Degrees
of Freedom (6 DoF) keep the virtual elements in the right place. On the other
hand, the interaction with the art, the detection is more straightforward. | use
the “Vuforia” SDK to use any art as a marker which will be in this case the
anchor for any output whether visual, auditive or even haptic through the
iPhone’s vibrations.

To make it easier for the user to operate this tool from the beginning, |
decided the first selection to be the language preference to cater to foreign
people, tourists and newcomers (Fig. 3.8.a). Afterwards, the user chooses their
point of interest, be it a painting, an exhibition, a predefined tour or even
services like the restaurant or washrooms (Fig. 3.8.b). Then, the camera opens
and asks the user to scan the space around to find localization. Once MRsive
finds the user’s position, virtual and animated arrows appear on the ground level
leading the user, turn by turn, to the location of the previously selected point of

interest or destination. During this experience, a dynamic top view minimap of
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the space will be at the bottom of the screen following the rotation of the user.
The pin is always accurately positioned in the middle of the moving minimap
and directed toward what is in the face of the user (Fig. 3.8.c) and (Fig. 3.8.d).
Once arrived at the destined location, the user interacts with the art in the space
by clicking on the “View with AR" button. The potential for the content is
endless. Virtual elements can be an enlarged 3D model of a small statue for
example as shown in figure 3.8.e or possibly extra information about a painting,
augmented by images and text and even sound and haptics that automatically
play when MRsive recognizes the painting (Fig. 3.8.f). The text would be in the

language that was initially selected.
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The Immersive Tour

2“-”'2 EI‘IgliSh ‘ uuucmyswm

The Storm
The Moose Story

TransArabia

Figure 3.8: MRsive screenshots by order of user-flow:
(a) Language selection. (b) Destination selection. (c) and (d) AR wayfinding directions.
(e) Interaction with a 3D artifact. (f) Interaction with a painting.

To design and evaluate the proposed engagement approach, | chose a
painting from the AGO called “The Storm” by Narcisse Virgile. | decided to
activate the piece and bring it to life through different AR interactions. The

augmentation will include virtual graphics to complement the painting style,
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virtual text to display information about the art, sound of rain, wind and thunder
to add an auditory layer of narration and storytelling, finally | add vibration to
the device when the thunder plays to add a haptic layer and take the interaction
to a multisensory immersive level. This experience will be the subject of study
and observation that preceded semi-structured interviews with participants (see
questionnaire in Appendix B).

Both experiments and the results and findings are explained in extensive

details in chapter 4.

3.3 Evaluation of MRsive

Following the human-centered design approach that | am adopting, the user is
always at the focus of this project so user testing with visitors would be the most logical
approach. Once my prototype was complete and functional, | recruited 12 participants
of different ages, backgrounds and mother tongues and that have never been to the
AGO. In doing this | returned to the AGO to do my experiment, | invited the
participants one by one to test MRsive. During the user testing, | noted my
observations and then, | invited them for an interview to receive their feedback,
comments, and suggestion (see questionnaire in Appendix B). The wayfinding
experiment included a comparison between the use of current wayfinding aids at the
AGO and the AR wayfinding approach of MRsive. The results were compared by

accuracy, speed, and easiness of use. The engagement experiment encompassed a
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think-aloud method, observations and time measurement of the user testing that
ended with a semi-structured interview. The direct observation of user testing involved
asking users to think out loud as they were using MRsive and were invited to express
their thoughts while interacting with the arts. Facial expressions were also noted.

| gathered the answers, comments and suggestions along with the notes that |
took during the experiment. | first asked the participants to figure out how to find the
elevators that go up to the fifth floor using the map and signs in the space. | observed
and timed this task. | then asked them to use MRsive and to just follow the turn-by-turn
directions on the screen without them knowing that the application is, in fact, leading
them to the same destination. | compared the behaviour and speed of this task to the
previous one. Another experiment was conducted for the engagement side. MRsive
this time leads participants to the painting “The Storm”. Once arrived at the painting, |
invited the participants to interact with the art. | observe their engagement and note
my observations while tracking the time of the experience. To conclude the user
testing, | asked every user for their final thoughts and other comments. All the
observations and results of the user testing will be shown and displayed in depth in

chapter 4 along with a detailed discussion of the findings.

3.4 Chapter Summary

To maximize the contribution of this to research, | tried to follow Zimmerman'’s

method (2007) for evaluating an interaction design research. The method has set
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criteria or four lenses: process, invention, relevance, extensibility.

First, for the process, | tried to provide enough details about my journey, my
methods and decision-making process from ideation to evaluation. The sample code is
also included in the appendices of this thesis. The hope is that any researcher can take
on this research and continue the work where it was left off.

Second, for invention, the integration of markerless augmented reality in the
perspective view for wayfinding is a novel approach to 3D wayfinding and indoor
self-localization. It is not the only one for sure, yet it is not so common due to the
hardware available in the market that hasn’t matured yet for this kind of approach.
Nevertheless, the design would be so relevant if and when smart glasses become
mainstream.

Third, for relevance, and as | have already explained, the preferred host of my
design is a head-mounted-display because of all the possible benefits that it offers to
the user such as virtual graphics within the line of sight, and the hands-free interaction.

Last, the fourth and last lens or criterion is extensibility. The application of my
design shows the many possible integrations such as shared experiences with other
friends and family and where the project was left of has all the capabilities to grow and

build on the previous outcomes.
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Chapter 4. FINDINGS AND DISCUSSION

At the end of chapter 3, | discussed the steps of the evaluation stage. |
explained in details the experiment that | have conducted with the 12 participants who
have never been to the AGO. The experiment as a whole allowed me to compare the
usability of current static wayfinding and engagement approaches at the AGO to
MRsive which uses a dynamic, digital and interactive approach through augmented
reality.

In this chapter, | discussed the results gathered from the user testing stage,
which included observations and interviews. The number of participants was chosen
based on the most commonly reported sample size within the HCI community (Kaine,
2016). Although the evaluation sample was small, interesting and considerable results
were noted through quantitative and qualitative approaches. Several analysis methods
were considered. For the quantitative data, | settled on the use of data visualization to
compare and analyze the results and extract valuable findings. For the qualitative data,
| used a reflexive process to interpret critical feedback and analyze located patterns

within the user responses.
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| discussed the successes and shortcomings of the prototype’s design and its
impact on wayfinding effectiveness and engagement reinforcement in a museum.
Many lessons were learned during the experiment. The results of the user evaluation
showed that MRsive was helpful for improving navigation and engagement with the art
at the AGO. The findings also showed that the design needs further improvements to
better support a seamless and undistracted user experience. On the downside, this
research project had a few limitations such as small sample sizes for the study and

technological limitations which | discussed in more detail at the end of this chapter.

4.1 Evaluation Group

Canada and especially the city of Toronto is known for the diversity of cultures,
backgrounds, and languages. Many newcomers move to the city every year and many
are more comfortable speaking their mother tongue than English. For the evaluation
stage of my project, | target first-time museum visitors. Although | had a preference to
study newcomers’ experiences when exploring Canadian museums such as the AGO,
my main criteria for finding participants was people who had a certain love for
museums but have never been to the AGO. | recruited a group of 12 participants
composed of seven males and five females. Their ages ranged between 24 and 35
years with an average of 31.4 years. Even though MRsive has the potential to
theoretically support an uncountable number of languages, one can select between

only English or French in the current prototype. Two of the participants chose the

Al Rabbaa - 79



MRsive: an Augmented Reality Tool for Enhancing Wayfinding and Engagement With Art in Museums

French option while the ten others chose English. Nevertheless, seven participants in
total stated that they would have been more comfortable or would have preferred to
select another language than English if they were available, those languages were

Spanish, Mandarin and Arabic (Table 4.1).

Prefer another

Total language than English

Males Females Age Average

Participants 12 7 5 31.4 years 7 out of 12

Table 4.1: Demographics of the 12 participants in user testing

The user testing took place at the AGO. Each participant experienced using
MRsive in the AGO separately. Each study session was ~45 minutes including 15-20
minutes of using the tool, followed by 15 minutes of semi-structured interviews. (see
questionnaire in Appendix B). | took notes of each participant’s behaviour during the

experiment and wrote down their answers during the interview.

4.2 Results

This section is divided into two subsections that clearly outlines the findings
extracted from the user testing. The first subsection lists and analyses the observations
and answers gathered from the interviews regarding the wayfinding experiment. The
second subsection builds on the previous one and presents the findings related to the
engagement experiment. Those findings were also based on observations, and

participants’ remarks and answers regarding their interaction with a selected painting.
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4.2.1 Findings: Wayfinding Experiment

The wayfinding experiment started right after the welcome desk (Fig.
4.1.a). Participants had to complete two tasks. For the first task, the participants
needed to find the elevators that go to the upper levels using any wayfinding
aid currently available at the AGO, from brochure, signs, map or even asking the
staff (Fig. 4.1.b). Then, for the second task, the participants had to use MRsive to
find a Rodin statue by searching the application and then following on-screen
directions and virtual arrows that are anchored to the physical space. Without
making it obvious to the user, the statue’s position is in fact adjacent to the
elevators. The reason for using a similar destination or similar route is to create
the fairest comparison when observing the participants complete both tasks. It is
good to note that there is more than one way to get to both destinations. Figure
4.1 shows the proposed path to the elevators in green, and the other possible
path in orange, though the user might decide to use the green path or the
orange one to navigate to any of the two destinations. The goal is to note the
participants' wayfinding behaviour and measure the duration of both wayfinding

tasks from start to finish using a chronometer and compare the results.
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——————

Figure 4.1: Paths to be followed by participants during the user testing experiment. (a) Welcome
desk. (b) Elevators to the upper levels. (c) Elevator to Concourse and Level 2 only.

On average, the first task took the participants 154 seconds to complete
using static wayfinding aids, while the second task took only 43 seconds (Table

4.2).

A path connecting the welcome desk to the elevators

complete the task

Wayfinding Approach E Task 1: Task 2:
: AGO Wayfinding Aids MRsive Wayfinding Feature
TSN e 154 seconds 43 seconds

Table 4.2: Average time needed to complete wayfinding task 1 and task 2

With the maps and signs, a lot of time was consumed to understand the
printed representation of the space and align the representation of elements on
the map or direction of a specific sign with the real world. In this case, this

approach also required a lot of trial and error due to the confusing repetition of
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symbols on the map (Figure 4.1). The MRsive system, on the other hand, most of
the time was spent on the required initial scan of the space before the virtual
directions appeared on the screen. Luckily, after the camera starts, an icon
shows up on the screen to intuitively ask the user to scan the surroundings in
order to detect their exact location in the space (Figure 4.2). Nevertheless,
MRsive helped participants complete the same route with significantly less time.
The results were a clear indication that MRsive is a time-efficient method to

navigate complex museum spaces such as the AGO.

Finding Localization..
PlBasescan yoursurrounaings io call

Figure 4.2: Initial icon asking users to scan the surrounding space to detect indoor localization.

| observed each participant’s behaviour while they find their paths to the
elevators using the static method and then the digital and dynamic method.
MRsive simulates the path and virtually displays it using animated 3D arrows
anchored in the real world for the participant to follow. Participants seemed to

be intuitively following the arrows with ease and confidence due to the accuracy

Al Rabbaa - 83



MRsive: an Augmented Reality Tool for Enhancing Wayfinding and Engagement With Art in Museums

of the placement of those virtual graphics. They looked ahead to make sure not
to bump into other people but looked down to the screen several times to make
sure they are on the right track. However, wayfinding using printed media
required participants to mentally draw different potential paths on top of the
map and then to follow the one that they assumed to be the best choice. The
AGO brochure is provided after the entrance and includes a map for every floor.
When using this map, none of the participants navigated in a direct line from the
beginning to the end. There were a lot of hesitation moments, and looking back
and forth between the space and the map. At times, some of the participants
had a frustrated look on their faces. Four of the participants wandered
significantly away from the path that leads to the elevators and it wasn't until
they gave up that they decided to find a staff member and ask for directions.
The four participants that got lost while using the static aids explained that,
aside from the many confusing symbols, the placement of several elevators on
the map was confusing. One would assume that all these elevators must go up
to the fifth floor but that is incorrect, only two of them do (Fig. 4.1.c). Those
people were the only four participants that asked staff for directions.

Overall, when the participants were asked about their experience, most of
them stated that they prefer relying on the wayfinding aids available to them
rather than disrupting a staff member that could probably be not around or who
could be busy doing something else. One participant said: “| prefer to figure it

out on my own, as | would normally assume it must be simple and there is no
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need to ask anyone”. All of the participants agreed that MRsive did not require
a lot of thinking about anything other than following the arrows on the floor.
Occasionally, some were worried not to trip over stairs or bump into other
visitors but in general, things were smooth and straight forward. On the Likert
scale of one to ten, one being not intuitive at all and ten being extremely
intuitive, participants rated the static wayfinding much less than what they rated

MRsive (Fig. 4.3).

MRsive Wayfinding Feature _

Not intuitive at all Extremely Intuitive
Scores | INEINNFINNNERN 8 9 10

Figure 4.3: Wayfinding scores in both approaches. Current static wayfinding aids were rated
between 1 and 6 over 10, while MRsive's scores ranged between 5 and 9.

Most of the participants were impressed with the easiness of the AR
approach. They commended the top view map at the corner of the screen which
accurately followed their orientation and localization constantly during the
navigation from start to finish. Because MRsive provides spatial knowledge,
participants agreed that they were extremely aware of their localization in the
physical space, and following the path to the destination was an intuitive
experience. It was compared to following a clear trail. By eliminating the choices

of different turns, the cognitive processes needed in the wayfinding task were
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reduced to the physical movement and in Raubal’s words: “the wayfinding is

reduced to a locomotion task” (2001).

4.2.2 Findings: Engagement Experiment

For the engagement experiment, the participants used MRsive and
started at the same spot as the previous experiment, the welcome desk area.
The application first showed a screen displaying the top view map and two
destinations on the bottom (Fig.4.4.a). Before the directions appeared,
participants were asked to click on the “The Storm” option which is a painting
by Narcisse Virgile. They scanned the surrounding space as before (Fig.4.4.b),
then followed the wayfinding directions to finally arrive in front of the painting

(Fig. 4.4.c).

<Back  What are you interested in?

Figure 4.4: (a) selection of the destination. (b) Scanning to find localization. (c) AR directions
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The reason for choosing this art was the possibilities it offers. The theme
of the painting and the elements in the landscape have a big potential to be
brought to life through an AR multisensory interpretation. It has nice movement
through the painting strokes for the wind that are translated into animation, and
thunder into sound and vibration (Fig. 4.6). When the participants arrived at the
painting, they were prompted with a button “View with AR” (Fig.4.5.a). None of
the participants hesitated to press the button and they were eager to interact
further with the painting. After the button was pressed, a graphic appeared in
the middle of the screen inviting the user to scan the art (Fig.4.5.b). Once
MRsive detected the painting, it visualized graphic elements and played the
sound of storm, wind, rain and thunder, as well as the steps of a distant
shepherd and a sheep in the landscape. To add an extra layer of interaction, the

device vibrates every time the thunder’s sound plays. (Fig. 4.5.c).

SGANART

to view / interact in AR

View with AR

Figure 4.5: (a) “View with AR" button. (b) Scanning the art. (c) AR interactions
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By observing the participants interact with the painting using MRsive and
listening to their thoughts as they were thinking aloud, it was clear from most
facial expressions that they were very attracted and interested in what they were
experiencing. They expressed feelings of surprise and enjoyment. Words like
“wow"” and “oh cool” were common to most participants. When the
multisensory experience was triggered, all of the participants appeared totally
focused and almost immersed in what they could see, hear, and feel. Some of
them stood closer to the painting to investigate elements more closely. A
couple of participants pointed out that the shepherd and sheep are details they
noticed because of the audio and that they would normally pass unnoticed at a
quick glimpse of the painting. The duration of the interactions was also
measured using a chronometer, it ranged between 50 and 88 seconds.

After this experiment, | asked the participants how they would have
interacted with this painting without the application. Most participants leaned
forward to read the label beside the painting and it was obvious that some of
them were struggling to read the text in small font. The label had only the name
of the painter and name of the painting. Almost all participants finished reading
the label in a couple of seconds and some of them tried to find if the brochure

had any extra information without any success (Fig.4.6).
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NARCISSE VIRGILE DIAZ DE LA PENA

born Bordeaux, France, 1807
died Menton, France, 1876

The Storm

oil on canvas

‘Grace Edith Diflon Mills, by their children, 1966

NARCISSE VIRGILE DIAZ DE LA PENA

né a Bordeaux, France, 1807
‘mort & Menton, France, 1876

Lorage

huile sur toile

Grace Edith Dillon Mils, par lours enfants, 1866

66/34

Figure 4.6: The Storm: Qil painting at the AGO that was AR activated through MRsive
and the corresponding description label on the side

During the interview, | was able to know more about the visitors’
response to the engagement experiment as a whole. Their answers included a
lot of thought and interesting insights as well as critiques and suggestions for
the next iteration. | also asked them to rate both experiences. On the Likert
scale of one to ten, one being not engaging at all and ten being extremely
engaging, participants rated the static engagement approach much less than

what they rated MRsive (Fig. 4.7).

Current Description
(Texts, Brochure, Labels)

MRsive’s Engagement Feature
(Multisensory Interaction)

Not engaging at all Extremely engaging
Scores 8 9 10

Figure 4.7: Engagements scores of both approaches. Current engagement approaches were
rated between 2 and 6 over 10, while MRsive's scores ranged between 8 and 10.
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Most participants were generally pleased with the multisensory
interaction with the painting. “I felt like | am being drawn to the center of the
painting, walking behind the shepherd” (participant 1); “The thunder sound and
the vibration were a great touch to bring my attention to the story, it made me
want to know more about the state the painter painted this in and where”
(participant 2); “I wish all the paintings were AR activated” (participant 3), were
some of the verbatims that showed the positive impact of the approach on the
engagement with the art using AR. Only one participant didn’t appreciate the
visual approach to the interaction, they said they didn’t mind the sound and
vibration as long as the painting as a visual medium stayed “unbothered”. He
explains that he prefers to see the art directly and he considers the device as a
distraction or barrier between him as a viewer and the art. Some other
participants also pointed out that holding the device up for some time could be

tiring.

The results from both experiments, the wayfinding and the engagement,
were valuable findings regarding the needs and interests of the participants as
well as a clear indication to the successes and limitations of the design of
MRsive. Several lessons should be taken into consideration for future iterations

of the prototype to make it more successful.
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4.3 Lessons Learned

Wayfinding using MRsive is digital and dynamic. Despite the small research
group, based on the findings and feedback of most participants, MRsive seemed to
have facilitated the navigation and made it more time efficient and accurate when
looking for a particular destination. It saved the navigator a considerable amount of
time and provided noticeable accuracy in indoor positioning as well as the localization
of the selected destination. Despite the scalability of MRsive and the possibility to add
preloaded tours to the digital museum experience, it was not clear how it would affect
some museum visitors’ desire to wander around the space. It is important to note, that
such AR tool would be more useful when a visitor has a specific directed wayfinding or
engagement goal and it would be valuable in the future to examine user responses to
pre-populated tours that provide more freedom in exploring and selecting different
complex paths. In general, MRsive seemed to have saved the user cognitive demands
that are normally required to navigate spaces using printed maps and signs. The user
interface and user experience of the application were intuitive and easy to use. The
engagement part of the application was interactive, and the multisensory approach
was in the words of participants, engaging, fun, and interesting. It encouraged learning
and deeper connection with the art. Brochures and the simple text labels next to art
pieces in galleries are not engaging and satisfactory enough for the mind of most
museum visitors. The magic and novelty of AR have definitely played a big role in

attracting the attention of the participants and encouraged their engagement with the
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art. The AR content then becomes the concern and the democratization of the
museums and the art is then a question that need to be addressed. In its current
version, MRsive is not interactive to the point that the viewer can add or affect the AR
content which gives the curators the control over the interpretation of the exhibits and
how they are presented digitally as well as in the physical space. It is important to be
aware that the AR platform could become more interactive and allow visitors to add
their digital content and this would raise important questions related to appropriation
and intellectual property. Ideally, the digital interpretation of the art should be handled
and directed by the artists themselves if it is possible. In the next best scenario, when
the artist is not present, the content should be curated by the professional curators and
controlled by museum professionals to make sure the multisensory translation respects
the original physical arts and complements it rather than disturbs it.Those issues were
not addressed in this thesis as they are out of scope of the research, nevertheless, it is
crucial to take them into consideration going forward in the development of MRsive.
Another learned lesson was related to the hosting device. On the downside,
when using a mobile device while moving around, the awareness of the surrounding
space and the interaction with other individuals in the space were difficult. This was
due to the small screen. Besides, holding the device up around other individuals could
be awkward and also tiring for the user’'s arm. When interacting with the art, the small
field of view of the mobile’s screen limited the view of the art in its entirety. The
surrounding space also faded away while looking at the screen all the time. The screen

was an obstacle in the way of the intended immersion. The device itself risked
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becoming a distraction. It was unarguable, that the mobile device is not the ideal
platform for a similar AR approach. A head-mounted display, as originally imagined, is
the next iteration to experiment with. A wearable device worn on the head may
eliminate most of those struggles. Head mounted display based AR offers the
possibility of hands-free interactions and the display of graphics within the line of sight.
In this approach, the user might worry less about the device and it is worth putting it
under the test. From a user interface point of view, the occlusion of virtual elements by
physical objects is needed to create a more realistic experience. It is also clear that
more art pieces are needed to be AR activated to simulate the experience of a small
tour. Furthermore, more languages need to be supported by the application if the

solution targets tourists and newcomers.

4.4 Limitations: Technological, Access, and Skills

Many limitations stood in the way of the original vision of this project. Some of
the limitations were related to logistics, others to scope and time, and many were
technological limitations.

My internship at the AGO was a great opportunity to access the museum and
conduct my research in locating the needs of the users as well as to the user testing
experiments. Nevertheless, the AGO, like any museum has many policies and
regulations to be respected. | had to work my way into finding solutions to many

roadblocks during my research in the gallery. | am grateful to the manager of the
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digital department and the program coordinator at the AGO for facilitating the
logistics of joining the AGO family. At first, | had to go through training before | could
interview visitors as an AGO intern. It required time, and | wasn't allowed to record the
voice or video record in the gallery during the interviews, and therefore, | resorted to
pen and a paper to write down the answers as fast as | could. Unlike video or audio,
The collection of data through pen and paper risks missing out on important insights
and also distracts the interviewer from better interacting with the participant to lead a
smooth and inviting conversation.

Even though the results of the experiments and interviews showed substantial
differences when comparing the static approaches to AR approaches, it is hard to
prove that these results are reliable and consistent because of the limited number of
participants. This is one of the limitations of using the Likert scale with a small
evaluation group. Unfortunately, recruiting more participants was out of the scope and
time allocated to this project. 12 was the decided number of participants as it is the
most commonly reported sample size within the HCI community (Kaine, 2016). The
Likert scale used in the experiments to rate experiences had few limitations, mainly in
unpacking the meaning of such subjective values when the differences between results
are small or minimal. Luckily the comparisons were obvious due to the big differences
in results and revealed the successes and problems. Nevertheless, this is definitely
something to note for the future of this research when recruiting the same size of the

evaluation group.
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As a background, | am a UX designer and not a programmer or computer
scientist. From a technical point of view, the project required a lot of technical skills.
Although Unity and Xcode make it easy for non-developers to create AR experiences,
many technical obstacles were facing the smooth progression and development of my
project, especially that | was working by myself.

Last but not least, | previously mentioned my initial vision for this project and
discussed that it is ideal for MRsive to be hosted on a head-mounted display to
simulate how this experience would look like when futuristic and practical smart AR
glasses are available in the market. Since then | suspected that the portability of the
mobile device and the required hand interaction with the screen could be problematic.
My intention was to develop for the mobile device as a first initial prototype before
developing for AR glasses through the current chunky AR glasses. Unfortunately, not
only time and scope were in the way of accomplishing this goal, but also the
unavailability of head-mounted displays in the market. Most of these devices are not
available to the mass and their developer’s version is only available to companies and
AR developers. On the other hand, each one of these devices has its own SDK platform
and developer kit which makes it difficult to develop content for. Furthermore, many of
them are not portable and need to be tethered to a computer which would be another

problem, these would not be allowed in the museum gallery.
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Chapter 5. CONCLUSION AND FUTURE WORK

In the first chapter of this thesis, | introduced the goals and contributions of this
work. In this chapter, | revisit the research goals and outline what was accomplished. |
highlight again the contributions of this thesis to research and then discuss directions

for future work.

5.1 Revisiting Thesis Goals

The goals of this thesis relate to research in two areas: indoor wayfinding and
engagement in museums. Much of the wayfinding literature have examined the
cognitive processes needed in static wayfinding aids and much of the engagement
literature have explored the limitations of museum approaches. The main goal of this
research is to create and evaluate an AR tool, MRsive, that hypothetically supports the
museum visitor’'s navigation of the museum with less cognitive demands and also
facilitates a more fulfilling interaction with arts through one complete museum
experience. Under this overarching objective, several subgoals are achieved. Those
subgoals are mainly the evaluation of novel technologies such as dynamic indoor

localization using computer vision as well as multisensory interaction with arts.
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5.2 Reuvisiting Thesis Contributions

This work makes several contributions to the research of indoor wayfinding and

the future of engagement approaches in museums:

(1) A thorough literature review at the intersection of three fields:
psychology, cognitive science, and computer science which is necessary for the
creation and evaluation of a research project similar to MRsive. Wayfinding, museums
and augmented reality are the three overarching themes of this work.

Chapter 2 outlines the relevant notions coming from each field and weave them into a

knowledge base to launch the research.

(2) A novel design of an AR tool, MRsive, that facilitates indoor navigation
and engagement with arts in a museum.
Chapter 3 presents the detailed system architecture of MRsive which uses computer
vision to support indoor positioning and wayfinding, as well as different sensors to
create a multisensory interaction with arts. The chapter explains the methodology to
create and evaluate the prototype, provides technical diagrams and sample codes. The
design is scalable and offers clear potentials to be adapted to different locations, used
in many other ways, and hosted on other devices such AR glasses to leverage

hands-free interactions and an AR view within the line of sight of the user.
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(3) A confirmation of the struggles and needs of museum visitors.
The need finding stage of chapter 3 discusses the barriers that AGO visitors face when

using static wayfinding aids, and static approaches to engage with arts.

(4)  Validation of the benefits of AR and its support of wayfinding tasks using

responsiveness, accuracy, consistency and intuition.

(5) A confirmation of the positive influence of AR multisensory interactions on
engagement and satisfaction of museum visitors in general, providing the digital
content is curated by art professionals, museum curators, or ideally the artists

themselves.

5.3 Future Work

MRsive studied the impact of AR in enhancing wayfinding and engagement with
arts in museums. This work has given rise to several future directions divided into three
categories: (1) the short-term which is on the design level; (2) the Medium-term
revolving around studying the newly generated prototypes; and (3) the long-term level

in order to apply the work to other target audiences.

(1) Short-term future work: Most of the short term enhancements are on

the design level. The current user interface has a lot of room to be improved. The

Al Rabbaa - 98



MRsive: an Augmented Reality Tool for Enhancing Wayfinding and Engagement With Art in Museums

incorporation of occlusion to the AR experience would allegedly make the virtual
elements more immersive and realistic (Billinghurst, 2016). 3D interfaces are novel to
users and the best practices are still being shaped by the big companies to create
universal guidelines. In the meantime, different suggestions and ideas are proposed to
make the user experience of the application more intuitive. Some of those ideas are: (1)
animating the icons between the different screens of the application; (2) showing the
full path on the top view minimap during wayfinding; (3) giving the user more control

on the visuals and sound when interacting with the art.

(2) Medium-term future work: As | previously mentioned, the initial vision of
MRsive is an AR solution to be hosted on a head-mounted display. The current
research studied the impact of augmented reality on indoor wayfinding and
engagement with arts, but we learned that the experience seemed to be affected by
the device’s limitations. It is necessary to use a head-mounted display as a platform for
the application in the next iteration to identify the different positive and negative
impact of the device on the experience. This future version of MRsive can use the
current handheld prototype as a starting point. Such a study can validate the different
opportunities that an HMD could offer. With this approach, the user may benefit from a
hands-free interaction as an input, and a display of AR virtual elements within the Line
of Sight (LOS). The displays of AR glasses also have a limited field of view,
nevertheless, the line of sight may be a solution to the distraction that participants of

MRsive struggled with when using the mobile device (Fig. 3.4).
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(3) Long-term future work: More future development of MRsive on the
long term is worth being explored or at least noted. As a dynamic and digital
approach, MRsive has the potential to connect new museum visitors with the
recommendations of previous visitors. Using social media guidelines such as a tagging,
commenting and liking system is an idea that is worth being explored. Lastly, the now
possible space recognition and object detection present valuable opportunities to be
explored when targeting visually impaired museum visitors. MRsive is a system that is
connected to a camera, a speaker, and a vibration motor among other connections.
For the visually impaired, as well as for the participants that were distracted by the
screen, a system with computer vision that “sees” the world and is capable of

communicating with audio and haptic responses is worth being studied.

5.4 Closing Remarks

With the exponential spread of augmented reality devices and the development
of computer vision, researchers, engineers and designers should think of how these
technologies could benefit humans in their daily life. The future of virtuality and its
integration with the physical world is promising and not too distant. This work
contributes to exploring the use of AR in museums through a set of lessons. These are
learned by observing and interviewing the participants before and after user testing the

prototype. The developed solution demonstrated support for indoor wayfinding and
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engagement with arts. As discussed in the future works, different possibilities are
available in taking this work further. | hope the work presented in this thesis will assist
other researchers and designers in understanding the impact of AR on wayfinding and
engagements needs, and motivate them to develop similar tools to MRsive or even
improve the design to add to the contributions and pave the way toward the museum

of the future.
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APPENDICES

Appendix A: Semi-structured Interview Questions (Need Finding Stage):

Interviewer Date
AM 12-2 2-4 4-6 6+
Day Weekend Wed Night

WAYFINGING QUESTIONS:

1. On a scale of 1-10, where 1is “not at all” and 10 is “extremely”, do you find navigation and wayfinding
around museums in general straightforward?

1 2 3 4 5 6 7 8 9 10 1a. Follow-up: What makes you say that score?

2. On a scale of 1-10, where 1 is "not at all” and 10 is “extremely”, do you find navigation and wayfinding
around the AGO straightforward?

12 3 4 5 6 7 8 9 10 2a. Follow-up: What makes you say that score?

3. Which of the following methods did you use to navigate the AGO today? You may select more than one.

e The paper map e Information guides/Gallery Guides/Staff
e The wayfinding signage located across the e Other:
gallery

e Gallery numbers

3a. Follow-up: If you were in charge of creating a new [map / wayfinding signage / gallery numbers],
what would you do differently?

ENGAGEMENT QUESTIONS:

4. On a scale of 1-10, where 1 is “not at all” and 10 is “extremely”, how engaging do you find the art and its
presentation around museums in general?

1 2 3 4 5 6 7 8 9 10 4a. Follow-up: What makes you say that score?

5. On a scale of 1-10, where 1 is “not at all” and 10 is “extremely”, how engaging do you find the art and its
presentation around the AGO?

1 2 3 4 5 B 7 8 g 10 Sa. Follow-up: What makes you say that score?

6. Which of the following methods did you use to engage with the art at the AGO today?

e Text e Audio tour
e Images/ Video e Private tour
e Augmented Reality e Other

6a. Follow-up: If you were in charge of creating an engaging experience with the art what would you
do differently?
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Appendix B: Semi-structured Interview Questions (User Testing Stage):

Interviewer Date
AM 12-2 2-4 4-6 6+
Day Weekend Wed Night

WAYFINGING QUESTIONS:

1. On a scale of 1-10, where 1 is “not at all” and 10 is “extremely”, how intuitive did you find using the
wayfinding aids in the AGO to get to the two destinations?

12 3 4 5 6 7 8 9 10 1a. Follow-up: What makes you say that score?

2. On a scale of 1-10, where 1 is "not at all” and 10 is “extremely”, how intuitive did you find using “MRsive” to
get to the two destinations?

1.2 3 4 5 6 7 8 9 10 2a. Follow-up: What makes you say that score?

3. What would you change in the wayfinding section of “MRsive” if you could? What would you add/subtract?

e User Interface design e language
e User Experience design e Tracking, etc...

ENGAGEMENT QUESTIONS:

4. On a scale of 1-10, where 1 is “not at all” and 10 is “extremely”, how engaging did you find using the
brochure and tombstones to interact with the exhibits in the AGO?

12 3 4 5 6 7 8 9 10 4a. Follow-up: What makes you say that score?

5. On a scale of 1-10, where 1 is “not at all” and 10 is “extremely”, how engaging did you find using “MRsive"”
to interact with the exhibits in the AGO?

1 2 3 4 5 6 7 8 9 10 5a. Follow-up: What makes you say that score?

6. What would you change in the engagement section of "MRsive” if you could? What would you add/subtract?

e User Interface design e language
® User Experience design e Tracking, etc..
OVERALL QUESTIONS:

7. What did you think of using a mobile-based application in a museum?

8. Would you change your mind if this experience is hosted on a Head-mounted display in the shape of normal
eyeglasses? Why?
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Appendix C: MRsive’'s Sample Code

CameraFollow.cs :

Code controlling the top view map

using System.Collections;
using System.Collections.Generic;
using UnityEngine;

public class CameraFollow : MonoBehaviour

{

public Transform Target;

void LateUpdate ()
{

transform.position = new Vector3(Target.position.x,
Target.position.y, Target.position.z);
transform.rotation = Quaternion.Euler (90f,
Target.eulerAngles.y,0f);
}

ChangeScene.cs :

Code allowing to jump from wayfinding scene to engagement scene and vice versa
using System.Collections;

using System.Collections.Generic;

using UnityEngine;

public class ChangeScene : MonoBehaviour {

public void ChooseScene (string scenename) {
Application.LoadLevel (scenename) ;

}
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Hide3D.cs :

Code that hides virtual elements when not needed.

using System.Collections;
using System.Collections.Generic;
using UnityEngine;

public class Hide3D : MonoBehaviour
{
public GameObject model3D;
public GameObject hide3DButton;
public GameObject infoIcon;
public GameObject show3DButton;

// Update is called once per frame

public void Hiding3D ()

{
model3D.SetActive (false);
hide3DButton.SetActive (false) ;
infoIcon.SetActive (true);
show3DButton.SetActive (true) ;

Show3D.cs:

Code that shows virtual elements when needed.

using System.Collections;
using System.Collections.Generic;
using UnityEngine;

public class Show3D : MonoBehaviour
{
public GameObject model3D;
public GameObject hide3DButton;
public GameObject infoIcon;
public GameObject show3DButton;

// Update is called once per frame

public void Showing3D ()
{
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model3D.SetActive (true);
hide3DButton.SetActive (true) ;
infoIcon.SetActive (false);
show3DButton.SetActive (false);

DefaultTrackableEventHandler.cs:

Tracking algorithm for wayfinding and triggering the different virtual interactions

using UnityEngine;
using Vuforia;

/// A custom handler that implements the ITrackableEventHandler
interface.
/// Changes made to this file could be overwritten when
upgrading the Vuforia wversion.
/// When implementing custom event handler behavior, consider
inheriting from this class instead.
/// </summary>
public class DefaultTrackableEventHandler : MonoBehaviour,
ITrackableEventHandler
{

#region PROTECTED MEMBER VARIABLES

protected TrackableBehaviour mTrackableBehaviour;
protected TrackableBehaviour.Status m PreviousStatus;
protected TrackableBehaviour.Status m NewStatus;

//adding sound source
public AudioSource soundl;
public GameObject scanning;

#endregion // PROTECTED MEMBER VARIABLES
#region UNITY MONOBEHAVIOUR METHODS

protected virtual void Start ()

{
mTrackableBehaviour =
GetComponent<TrackableBehaviour> () ;
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if (mTrackableBehaviour)

mTrackableBehaviour.RegisterTrackableEventHandler (this) ;

}

protected virtual void OnDestroy ()
{

if (mTrackableBehaviour)

mTrackableBehaviour.UnregisterTrackableEventHandler (this);

}

#endregion // UNITY MONOBEHAVIOUR METHODS
#region PUBLIC_ METHODS

/// <summary>

/// Implementation of the ITrackableEventHandler
function called when the
/// tracking state changes.

/// </summary>

public void OnTrackableStateChanged (
TrackableBehaviour.Status previousStatus,
TrackableBehaviour.Status newStatus)

m PreviousStatus = previousStatus;
m NewStatus = newStatus;

if (newStatus == TrackableBehaviour.Status.DETECTED ||
newStatus == TrackableBehaviour.Status.TRACKED | |
newStatus ==
TrackableBehaviour.Status.EXTENDED TRACKED)
{
Debug.Log ("Trackable " +
mTrackableBehaviour.TrackableName + " found");
OnTrackingFound () ;
//soundl.Play () ;
}
else if (previousStatus ==
TrackableBehaviour.Status.TRACKED &&
newStatus ==
TrackableBehaviour.Status.NO POSE)

{
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Debug.Log ("Trackable " +
mTrackableBehaviour.TrackableName + " lost");
OnTrackingLost () ;
}
else

{
// For combo of previousStatus=UNKNOWN +

newStatus=UNKNOWN |NOT FOUND
// Vuforia is starting, but tracking has not been

lost or found yet
// Call OnTrackingLost () to hide the augmentations

OnTrackingLost () ;

#endregion // PUBLIC METHODS
#region PROTECTED METHODS
protected virtual void OnTrackingFound ()
{
var rendererComponents =
GetComponentsInChildren<Renderer> (true) ;
var colliderComponents =
GetComponentsInChildren<Collider> (true);
var canvasComponents =
GetComponentsInChildren<Canvas> (true);

// Enable rendering:
foreach (var component in rendererComponents)

component.enabled = true;

// Enable colliders:
foreach (var component in colliderComponents)

component.enabled = true;

// Enable canvas':
foreach (var component in canvasComponents)

component.enabled = true;
soundl.Play () ;

scanning.SetActive (false); // false to hide, true to
show
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protected virtual void OnTrackingLost ()
{
var rendererComponents =
GetComponentsInChildren<Renderer> (true) ;
var colliderComponents =
GetComponentsInChildren<Collider> (true);
var canvasComponents =
GetComponentsInChildren<Canvas> (true) ;

// Disable rendering:
foreach (var component in rendererComponents)
component.enabled = false;

// Disable colliders:
foreach (var component in colliderComponents)
component.enabled = false;

// Disable canvas':
foreach (var component in canvasComponents)
component.enabled = false;

soundl.Pause () ;
scanning.SetActive (true); // false to hide, true to
show

}
#endregion // PROTECTED METHODS
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Appendix D: Additional Media Files

Screenshots, Images of the experience, Video recording of the experience at the AGO,
and the audio file of The Storm's soundscape can be found as external materials at

openresearch.ocadu.ca by searching for “Jad Al Rabbaa” and clicking on the title of

this thesis: “ MRsive: an Augmented Reality Tool for Enhancing Wayfinding and

Engagement With Art in Museums”.
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