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Abstract

Lingwei TONG

Exploring Effective Storytelling Guidelines for Cinematic
Virtual Reality

Content creators have been exploring ways to use virtual reality (VR) as an ef-
fective storytelling tool. The term cinematic virtual reality (CVR) was then created
to describe the kind of VR experience that is produced using pre-rendered content
with lengthier and complete story structures, with the interaction design that en-
ables viewers to actively choose where to look. Initially, creators of CVR content
began by transferring storytelling grammars and techniques from mature media,
such as cinema and theater. However, specific challenges for CVR followed, includ-
ing the narrative paradox (NP) (which is the conflict and tension arising between
authorial control and viewer agency), the fear of missing out (FOMO), and the dis-
crepancy between viewer expectations on agency and the system’s interactive ca-
pacity. Because CVR is a type of immersive experience, viewers are also inclined to
interact with the story world freely. To achieve a final product that is a successful
and engrossing storytelling experience, creators must address the NP and FOMO
issues and establish a design balance between authorial control and viewer partic-
ipation in terms of narrative progression.

To investigate the issues raised above and assess potential solutions, several
user studies were undertaken in this thesis. A human body-language-based atten-
tion guidance cue set called Action Units (AUs) was created to address the FOMO
issue. It was then compared with two other commonly used synthetic cues for user
experiences. According to the findings, the use of AUs in CVR content can boost
viewer enjoyment and engagement with the story. The AUs were also favored by
viewers for their diegetic qualities and by creators for the simplicity of use. Mov-
ing on to the NP issue, the second user study sought to identify the upper limit of
a viewer’s desire to actively interact and participate in the narration. Results indi-
cated that viewer control is advised for CVR projects. To handle viewer curiosity
and motivate them to interact freely, creators must carefully set up the interac-
tors. Based on the findings, a coherent framework was researched and developed
by tying together previously acquired knowledge and rules that were dispersed
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to various components of producing CVR with the workflow that a creator uses to
build the experience. The procedure resulted in a formalized framework called the
Adaptive Playback Control (APC) for CVR. The APC starts by guiding content prepa-
ration by highlighting the need for applying diegetic attention guidance cues. It
also includes guidelines for interactive design by emphasizing the need for design
considerations regarding the harmony between viewer and creator roles in direct-
ing the narrative development, and raising the visibility of interaction affordances
in the immersive storytelling experience. Then, a real-world case study of apply-
ing the APC to an immersive Māori (New Zealand indigenous people) storytelling
experiencewas presented. The case study examinedwhether viewer-participatory
design, including profiling viewers and the strategies to introduce narrative varia-
tions, was culturally appropriate. In this case study, personalized variations were
added to CVR by taking into account both the unique demands of each viewer and
their participation in the storytelling process. Insights from the case study showed
that for creators to safely guarantee that experiences will live up to viewer expec-
tations and be entertaining and diverse, individual users must also be taken into
account from the very beginning of content design.

Finally, this thesis offers the Adaptive Playback Control (APC), a novel frame-
work for those who create CVR experiences. They can follow the framework’s in-
structions to create materials specifically designed for an immersive experience
utilizing pre-rendered content, such as 360-degree videos. It intends to address the
FOMO issue and help creators produce CVR experiences with correct viewer in-
teraction and integrated viewer personalization, resolving the problem of NP and
improving the overall experience. This thesis also employed a case study to show
how adaptable the framework is and how it may be used in a larger context, in and
beyond the cultural heritage sector.
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Chapter 1

Introduction

Virtual reality (VR) is regarded as a storytelling medium somewhat different
from cinema, theater, television, and literature as it completely blocks out the real
world, immersing the viewer in a virtual environment of visual and audio sensory
stimuli [98]. Because of this novelty, content creators have become very attracted
to this newmedium, findingways to adopt VR into their storytelling routines to har-
ness itsmain ability of fully immersing its viewers. However, being vastly different
from the mature media of cinema and theater, VR has brought new challenges to
the delivery of engaging and memorable storytelling experiences. In cinema, di-
rectors use filmmaking grammar such as mise-en-scène1 and cinematography to
invoke suspense, drive curiosity and guide the viewers through the plot, thereby
creating expressive stories [17]. In theater, directors, set designers and other prac-
titioners rely on stage setup and spatial visual elements to tell their story and guide
viewers. Since theatrical performances cannot rely on the same visual elements as
those commonly found in cinema, such as frames and edits, theater performances
employ lighting, stage setup, sound, and blocking (movements of actors) to navigate
the flow of storytelling and lead the viewers [5, 94].

Able to draw from the well-developed storytelling toolkits used in cinema and
theater upfront, thefirst VR content creators naturally applied them to thismedium.
Early work mainly experimented with 360-degree video, which is an easy and low-
cost means of creating and consuming VR content. From a series of 360-degree
video projects, creators noticed that there was a change in users’ point of view
(POV) compared to both cinema and theater, as the viewer was now inside the
scene instead of watching it from outside the screen or stage [39]. Two new chal-
lenges also emerged in storytelling through VR. The first is the narrative paradox
(NP), which is the conflict between authorial control and the viewer’s free will and

1Mise-en-scène is a French term which means “placing on stage” or “what is put into the scene.”
It describes the stage design and arrangement of actors in scenes for a theater or film production.
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agency. The second is the fear of missing out (FOMO), a side effect that appears
when the viewer has free will to interact in the storytelling scene. Those challenges
do not exist in cinema and theater [161, 86]. As 360-degree videos became more
popular, creators also tried to produce more engaging experiences with complete
narratives. Here the term cinematic virtual reality (CVR) is employed to define
these experiences from the perspective of content format, content plot and viewer
interaction, and to differentiate them from other types of VR experiences. In terms
of content format, unlike traditional VR which uses real time generated graphics,
CVR uses pre-rendered visual and sound elements that are either captured from
the real-world or are synthetic [93]. From the perspective of plot, CVR is a type of
narrative-focused fiction story or documentary, or a hybrid of both. Rather than
short, non-interactive clips for temporary stimulation, CVR creators aimed for pro-
longed content with a narrative arc that could lead the viewers through a well-
prepared emotional engagement [39]. In terms of interactivity, a CVR viewer can
look around inside the 360-degree spherical scene, freely choosing what to look
at [93]. The CVR experiences produced and used throughout this thesis all follow
this definition.

Evolved fromsimple 360-degree videos, CVRallowed for expansion of the abun-
dance and depth of content delivered. It places the viewer into a rich environment
and gradually leads them from being a passive spectator to being a character in-
side the story world [158]. First, users of CVR start to expect some agency as they
find themselves now inside the story scene, with the potential to interact with ob-
jects and characters in the scene and able to intervene in or control the unfolding
of the narrative instead of watching it passively from behind the fourth wall 2, iso-
lated from the progression of the story [4]. Second, creators and directors also real-
ized that their absolute authorial control in CVR storytelling was also diminishing,
since users were stepping into their roles and influencing the storytelling activ-
ity [157]. Evidently, the definitive separation between the role of creator (those
who create the content and control the narrative experience) and viewer (those
who watch/consume the content) is blurred in CVR, leading to creators’ realisation
of the necessity of having viewer interactionwithin CVR. This change has expanded
the design space around CVR storytelling from the linear form used by filmmakers
and theater practitioners [17, 31] to new territories more similar to those found in
video games, live streaming, and remote collaboration [33, 141, 144]. Inspired by

2Fourth wall is a conventional term for the invisible wall that separates actors from the audience.
While the audience can see through this wall, the actors act as if they cannot.
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Ens et al. [44], the larger design space can be visualized as having two dimensions.
The first dimension is a system’s design features in terms of whether the creator
and the viewer are sharing the same space (a shared space) and whether they are
communicating with each other in real time (a synchronized experience). These
two characteristics are then used to set up a 2×2matrix to allocate various interac-
tion and communication scenarios between the creator and the viewer in different
types of media, as shown in Part A of Figure 1.1. The second dimension pertains
to the details of the creator’s authorial control and the viewer’s free interaction in
each scenario. Specific examples frompeople’s daily liveswere chosen in this chap-
ter for easy visualization and understanding. It is noteworthy that categories 1 and
2 apply to both online (virtual) and offline (physical) scenarios. For example, the
features of a face-to-face classic lecture are equivalent to an online zoom lecture,
and similarly, an online discussion board to a physical billboard. CVR is listed in
category 4 of the design space, similar to online videos, but has its own attributes
when it comes to roles of control. These sectors and examples are illustrated in Part
B of Figure 1.1.

In CVR, the aforementioned changes in both the relationship between creator
and viewer and the capabilities of each party lead to new challenges. Creators are
now required to consider more carefully questions that are specific to CVR, espe-
cially CVR with viewer interaction. These unresolved challenges are derived from
the dimensions illustrated in Figure 1.1, including the viewer’s role, the viewer’s
high expectation of interacting, the viewer’s control over the narrative progression,
and the creator’s authorial control over the plot and story arc. Various answers to
these questions lead to an evolution of the interactive perspective of the CVR expe-
rience, facilitating exploration towards newer and experimental CVR content and
user experience. To summarise, the creators are responsible for maintaining a del-
icate balance among all factors to ensure an engaging and effective storytelling ex-
perience. At time of writing these questions remain open, and the definition of CVR
is also evolving. Many creators and researchers are still exploring and experiment-
ing with CVR. A definitive, conclusive so-called golden rule or all-purpose formula
for CVR experiences does not yet exist (and indeed may never exist).

1.1 Motivation and Methodology

Tools, grammars, and skills for CVR creators have been explored since the in-
troduction of 360-degree video into the storytelling realm. Some creators are totally
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FIGURE 1.1: A series of examples illustrating the design space around
CVR storytelling with viewer interaction. Part A shows a 2 × 2 ma-
trix of interaction and communication scenarios between creator and
viewer in different types of media. In Part B, several examples of
each category are filled into the matrix. Each category is further ex-
plained by looking at what is in the creator’s control and what is in

the viewer’s control.

new to CVR storytelling while others come from existing realms, especially film-
making, theater practice, or the gaming industry [51]. Different creators empha-
size different types of content, with some focusing on fictional content [8, 79, 105]
and others on real documentary content [10, 9, 32]. The issues they are trying to
resolve also vary. Since it is not practical to try to resolve all CVR-related issues
and apply solutions to all types of CVR content, an hourglass approachwas applied
in this thesis (see Figure 1.2). Among various types of CVR experiences and issues
creators face, the focus of this research was narrowed to begin with one specific
type of CVR content, the guided tour. The exploration began with an attempt to
apply 360-degree video to scientific outreach for scientists working in Antarctica
under AntarcticaNZ’s expedition programs. In the early stage of the study, several
Antarctica expertswere trained in the use of 360-degree video to capture theirwork
on the ice. The content was presented in a guided-tour style as the experts usually
appeared in the scene and introduced their work orally. From this experience,
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core challenges for CVR content creation emerged: that CVR has a FOMO issue and
an NP issue. Both were found to negatively affect the viewer experience, causing
loss of the track of the story, confusion, and frustration. Mitigating NP and FOMO
is necessary for CVR creators to effectively deliver complex and viewer-engaging
content. After exploring and discussing solutions to these problems, we then eval-
uated them to assess their suitability for application to other types of CVR content
in different realms and also how theymight be used to solve related challenges and
problems. The two challenges of FOMO and NP were identified as the study moved
downwards along the “hourglass” and expanded to adjacent CVR realms (such as
indigenous storytelling in New Zealand).

FIGURE 1.2: An illustration of the hourglass approach, showing how
this study focused on one type of CVR content and the two most
relevent challenges this posed. This thesis then endeavored to apply
the knowledge gained to a broader range of CVR content types and

issues, like moving down along an hourglass.

1. In most CVR projects, creators still hold a filmmakingmindset and aim to pro-
duce a passive experience. The viewer’s role, expectation of interaction, and
agency are not considered. The viewer’s intention and their actual experience
thus do not match.

2. Evenwith some interactive CVRprojectswhere the viewer is considered, viewer
differences are not taken into consideration and the digital experience is not
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tailored to each viewer’s own knowledge, features, characteristics, and ten-
dencies. This means that despite each viewer’s unique background and inter-
ests, their attributes are not related to the disclosure of the story they face,
and thus the experience and outcome will be same for all viewers.

Based on the information learned during the first stage of the study, this work
additionally explored and looked for solutions to theNPandFOMOproblems. Over-
all, the vision of this work is to improve the CVR experience for both creators and
viewers, whereby well-established guidelines are first produced for the guided-
tour style CVR and then expanded to other kinds of CVR content more broadly. The
guidelines can help creators to reach a point where they can easily capture content
with CVR drawing on a well-versed narrative language to express what they want
to capture and show, just as film directors, cinematographers, and actors are able
to effectively communicate using their common screen grammar. Creators can also
develop and update guidelines based on the findings reported in this thesis. For the
viewers, their experience will be more engaging and immersive because they will
be able to participation in the narrative progress and forge their personal connec-
tions to the content, thus leading to a more emotional connection to the experience
afterward and unforgettable memories. With well-established guidelines, the CVR
production process can be more complete and satisfactory for all involved parties.

1.2 Research Questions

From the motivations and methodology discussed in section 1.1, the following
research questions were identified:

• RQ1: For guided-tour-style CVR content, can social cues from the characters
be used as an attention-guiding technique to resolve NP and FOMO issues in
CVR?

– Will social cues used by human characters in the scene be as effective as
other artificial cues on guiding the viewer’s attention?

– Will the use of human characters’ social cues, on the other hand, reduce
the risk of breaking presence, compared to existing artificial cues?

• RQ2: When the viewer is acknowledged as not fully passive but rather as re-
quiring a participatory role in the CVR experience, what design considera-
tions need to be added?
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– What level of control should the viewer be exposed to so they are aware
of their agency but not too distracted or overwhelmed by the interaction
task?

– What is the proper type of interaction (mechanism, complexity, input
methods) for a CVR viewer?

• RQ3: Given that viewers all carry different personal attributes in terms of
engaging with the content, how can a creator appropriately ensure a person-
alized CVR experience, especially in the cultural heritage sector?

– What individual viewer attributes and variation strategies will be used
to shape the cultural storytelling experience?

– Does a digital version of personalized storytelling give viewers a similar
impression of storytelling as a physical, face-to-face one?

– Can personalized CVR be used as an appropriate tool by indigenous com-
munities for storytelling?

1.3 Findings and Contributions

This thesis presentsmywork around creating compelling storytellingwith CVR.
It primarily focuses on discovering and expanding the toolkits for creators to cap-
ture and create content dedicated for CVR and embraces viewer interaction as an
intrinsic and essential feature of CVR. The Adaptive Playback Control (APC) frame-
work that I have developed combines my findings and insights, highlighting con-
siderations around the viewer’s role, the balance between viewer action and sto-
ryworld possibilities, and personalization according to individual viewer traits. In
particular, my work makes the following contributions to the field:

• A collection of guidelines for CVR creators, pointing towards different aspects
in the CVR production workflow, especially when seeing CVR as a type of
viewer-centered interactive experience distinct from cinema and theater. It
includes:

– A content creation guideline for CVR creators to capture immersive con-
tent, including triangular rules for story element setup on scene, and then
Action Units (AUs) as attention-guidance techniques to utilize human ac-
tor performances instead of complex post-processing work. Compared
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to other capture techniques, this proposal requires no technical knowl-
edge background or complexwork, and thus can be easily used by awide
range of creators and integrated directly into their workflows;

– A structured design guideline for creators to bring viewer interaction
into the CVR experience. Unlike simple omnidirectional videos or fully
interactive video games, the interactive CVR guideline system stands on
the balance point by matching the viewer’s expectation of agency with
their interaction technique provided by the CVR system and the viewer’s
depth of participation into the actual narrative progression. This ap-
plies in particular to points like the viewer’s role permeating the author’s
realm and the visibility of interactors in CVR. It helps creators prepare a
story knowing they are aiming for interactive, immersivemedia from the
earliest design stage.

• Second is theAPC framework, consolidating all discoveries andproposals from
the research andpresented to CVR content creators as a comprehensive guide-
line for creating an effective storytelling experience. The APC provides sup-
port for both CVR creation with viewer participation in mind and viewer in-
teraction design, by involving the viewer as a character in the storytelling
scene and also in the design of the narrative progressionmechanism. It covers
the full workflow from content capturing to system implementation and pre-
sentation. The APC’s exploration of the roles and control levels of both the cre-
ator and the viewer applies to any immersive media where the viewer occu-
pies centre stage, regardless of interactionmethods and levels. The project ex-
plored design decisions about the system’s participatory capability provided
to the viewer, taking into account how the system can give the viewer a vi-
tal role in the narrative, even incorporating some of the viewer’s personal
traits to personalize the results. This interplay between the viewer and the
storytelling system also applies to other types of experiences where a story is
contained and told.

This thesis also presents a case study, where the APC was used in a culture-
oriented storytelling project conductedwithMāori researchpartners and kaikōrero
(Māori storyteller/s). The case study had two phases. Phase one was a co-design
workshop where Māori research partners and I worked together around the tech-
nology (CVR) and the rules (APC) to create a storytelling experience. Phase two
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included capturing content at the Māori partners’ marae3 in Bluff, New Zealand
(Figure 1.3) and evaluating the storytelling experience with the kaikōrero at the
samemarae. The case study combined the guidelines fromAPCwith tikangaMāori
(Māori customs and traditions) in oral storytelling. Based on APC, the viewer’s role
in CVR storytelling was further emphasized. In this case, viewers were treated as
individuals holding different attributes and applied narrative variation to the con-
tent in response to those attributes. Cultural appropriateness was considered as
an important factor by the creators when producing the experience, ensuring the
digital version remained in line with its original physical form. By applying APC in
an actual storytelling project, practices including how research can be conducted
with a focus both on storytelling experiences and the preservation of cultural her-
itage, led by indigenous people, are also demonstrated. The entire process observed
tikanga Māori to guide us towards what the technology represents and the appro-
priate factors to address and deliver the desired knowledge. Instead of serving as
a checklist for collaborating with indigenous people, this research project shares
the process that I, as a Pākehā (a Māori term to refer to non-Māori people), adopt-
ing western-view-oriented storytelling guidelines (APC) and digital tools to create
tikanga Māori–guided storytelling experiences. Evaluation results indicated that a
CVR experience with personalization designed into it and APC guidelines can be a
viable tool for storytelling and sharing of knowledge in the context of Māori cul-
ture. The use of personalization when adopting APC in the cultural realm proved
effective. Further, during the evaluation, additional awareness of the kaikōrero’s
thoughts on the purpose of using digital tools and digital experiences in theirmarae
setting was also raised. The evaluation also served as a review of and reflection on
employing kaupapa Māori (placing Māori practices and values at the centre of the
process), thereby conferring agency and considering what it means to the Māori
community when creating content and experiences.

3In Māori culture, themarae is a gathering place where formal greetings, important events, and
discussions take place.
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FIGURE 1.3: An aerial shot of Te Rau Aroha Marae in Bluff, New
Zealand, showing its wharenui (literally “big house”, with its carved
entranceway),wharekai (dining house, left) and the complex of build-

ings around it. Source: Te Rau Aroha Marae Facebook page.

The other important discovery was that the use of AUs for attention guidance
in CVR is independent of the work’s narrative structure and storytelling style. Such
independencewas observed during the content production phase for the user stud-
ies 1 and 2, presented in Chapters 3 and 4, and the co-design project in Chapter 6.

Another attention-worthy item for content creators is how universally appli-
cable the findings of this thesis are to all types of storytelling styles. In this thesis,
all content was produced in a guided-tour/documentary style, with a storyteller al-
ways visible in the scene. This visibility enhanced the AUs’ effectiveness. However,
the design of the story elements, e.g., their temporal-spatial configuration, visibil-
ity, and priorities, including the storyteller, were unique to each CVR experience.
When a creator chooses to apply AUs and the APC guidelines for viewer interaction
in their work, there is the possibility that their capacity to create an engaging story
and deliver an enjoyable narrative will be impeded. While the details and effects
are not yet fully explored, I would like to make the case for consideration of CVR
by creators when employing the APC and other similar guidelines.
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1.4 Overview of the Structure of This Thesis

This thesis starts with a general introduction, including relevant background
information, the state of the art of the research field and design space, my moti-
vations for doing this research, and the main research questions. In Chapter 2 it
then examines the background to the research topics and existing literature, with
a summary of previous research and what is still missing. All relevant background
information is discussed in this chapter to make clear the scope of my work and
the structured steps I employed. Following this, Chapters 3 and 4 present the two
user studies aiming to answer the research questions.

The user study presented in Chapter 3 addresses RQ1 by exploring the use of
human actors performing as diegetic4 attention-guidance cues in the simple form
of immersive media, the 360-degree video. Results suggested that the guiding cues
(AUs) can effectively guide the viewer’s attention to key story elements in the scene
while maintaining low cybersickness, and an acceptable level of engagement and
enjoyment compared to commonly used synthetic cues such as a pointing arrow or
scene rotation.

Chapter 4 aims to answerRQ2 by examining two fundamental questions when
viewer interaction is involved inCVR storytelling andwhen that interaction is linked
to narrative progression: the viewer’s role in the control of the narrative progression,
and the visibility of interaction affordances. Although no significant quantitative ef-
fects were found, a conclusion was drawn that creators must first acknowledge
that viewer interaction comes as a natural tendency in CVR; both the level of con-
trol given to the viewer and the visibility of the interactors depend on the content
and its purpose, derived from observations and qualitative measures. Note that
in Chapters 3 and 4, descriptions of background knowledge are simplified, hav-
ing already been extensively explained in Chapter 2. Starting from insight gained
from each user study, Chapter 5, covers a higher level of understanding about CVR
storytelling, viewer experience, and appropriate production guidelines by gather-
ing the knowledge from the three studies into a more comprehensive framework,
which I have termed as the Adaptive Playback Control framework. This decision
was made as the issues are closely related and more appropriately combined into
a single chapter rather than scattered across various parts of the thesis.

After the concept of the APC framework is advanced, a case study is presented
in Chapter 6. The case study introduces a real-world use of the APC framework,

4Diegetic is a Greekword, originating in theater, meaning “being part of the story or the narrative”
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applying it to a culture-oriented storytelling project created with Māori storyteller
partners in Bluff, New Zealand. The project aims to enable a physical-world story-
telling experience using CVRas its chosendigital tool. In this chapter theworkshops
conducted with Māori partners around building culturally appropriate immersive
experiences are first described. The process of bringing APC into the storytelling
project is also explained. Several insights into using APC in real-world projects
learned from this case study are discussed after a description of the workshops
and evaluation tasks.

The discussion about the application of this APC, not only to CVR but also to
other related immersive media, the limitations of my study, and my future plans
are covered in Chapter 7, the final chapter of this thesis.
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Chapter 2

Background

To explore effective storytelling techniques for CVR,well-developed storytelling
media such as cinema, theater, and video games cannot be overlooked. This chap-
ter provides a background to storytelling in CVR and reviews previous work in
that area. It then moves to early explorations in storytelling using VR, and finally
the emergence of CVR. The migration of skills employed in cinema and theater is
evident in early VR attempts. Practices used in the well-established media pro-
vided guidelines for creators in producing new content and experimenting with
innovative skills and technologies. Later, creators tried to enable viewers to be
active participants in immersive storytelling rather than simply invisible and pas-
sive spectators. New types of media have emerged with this shift in the viewer’s
role, such as immersive theater [4], improvisational theater [133], interactive TV
drama [155], and gamified cinematic narrative [156]. The way the story is con-
structed, the logic of the presentation, the way the content is expressed, and the
rhythm have all changed accordingly as well. Absolute authorial control has also
started to diminish, with part of the role inclining toward the viewer’s hand. Ad-
ditionally, the idea of seeing viewers as individual people instead of a single-form
archetype has come into play, and thus the concept of personalized storytelling.
However, it should be noted that while the experimental media act as testbeds for
creators to explore uncharted realms such as viewer participation and interactions
in the storytelling activity, the well-known and well-established expressive media
forms–cinema, theater, and video games–remain the cornerstone and the start-
ing point for creators in their experimentation with novel storytelling approaches.
Thus this chapter begins by introducing the three cornerstone media, then moves
to various stages, concepts, and representative examples of creator exploration.
The final section of this chapter concludes with a summary of the state of the art,
setting up the main theme of this work.
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2.1 Storytelling and the Well-Developed Storytelling Me-
dia

Storytelling is an essential part of our daily life. The everyday stories people tell
each other reconstruct their experiences in narrative form. Stories are fine-tuned
to become the content of works in theater, literature, and film [34]. The activity of
storytelling is defined as a means of expressing experiences, emotions, and ideas
in different forms of transfer [41].

Researchers who study the activity of storytelling primarily focus on how the
content is structured and how it provokes an intended emotional response and
cognitive change in the audience. They look at various types of media used to tell
stories, such as words, images, and motion pictures, and now also VR [164]. Since
this research focuses on storytelling using VR as the medium, this background in-
troduction begins with three storytelling forms people generally know and experi-
ence: cinema, theater, and video games.

2.1.1 Cinema: One-Way Delivery of Content

In filmmaking, directors rely on a series of cinematic techniques to guide the
viewers’s attention, invoke suspension of disbelief and curiosity, deliver expressive
content, and effectively tell a story. Among the main techniques,mise-en-scène and
cinematography are two that occur in the production phase [17]. Mise-en-scène,
a French term meaning “putting content into the scene”, is how the film direc-
tor controls what is happening in the screen frame, while cinematography is the
director’s decision about how the camera will capture the scene when shooting,
including frame composition and camera movement. These comprise the screen
grammar used by the director and cinematographer to deliver the narrative and
provoke the audience’s emotional attachment to the region of interest (ROI) [94].
In some scenes, the director will decide to capture the story with a moving camera,
defined as mobile framing, another screen language set piece. Commonly used
mobile framing techniques are the camera pan, dolly move, tilt, crane, and zoom,
which may be combined [3]. They extend the space beyond the frame, show more
content, and sometimes mimic the cue of a character’s first-person POV, so that the
viewer is now looking out to the world through that character’s eyes.
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2.1.2 Theater: The Removal of the Frame

In theater, the cinema’s screen and frame no longer exist. Additionally, in the-
aterwhole segments of a play are runwithout breaking the chronological sequence
in most cases, while some (mainly modernist) employ flashbacks or flashforwards
(jumps back or forward in the timeline) for narrative purposes [4]. In theater, some
filmmaking methods, such as cuts and edits, are no longer available. Thus, while
the film creator renders directly on the screenwhat theywant the audiences to see,
the theater playwright and creator use other ways to draw audiences’ attention to
the vital elements [94]. In a standard theater practice, the viewer’s attention is usu-
ally controlled by lighting, stage setup, sound cues, and exaggerated moments of
action [82], while the actor’s body language, such as an open body position, pro-
longed orientation toward the audience, and exaggerated body movements and
gestures, become critical components [40].

Besides the stage elements, the other factor a theater creator considers is the
location of the viewers. Cohen lists three widely used configurations of the theater
stage in terms of the viewers’ location vis-à-vis the actors: the proscenium, thrust,
and arena [31]. This change in the actor–audience configuration has inspired re-
searchers such as Cho et al. [29] to explore how this can be applied to viewer en-
gagement in CVR stories, for example by manipulating the viewer’s location in the
scene from a first-person perspective (where a story character directly addresses
the viewer, who thus becomes a part of the plot line) to a third-person perspective
(where the viewer acts purely as an observer).

2.1.3 Video Games: Storytelling Through Playing

In cinemas and theaters, the viewers sit in front of the screen or the stage. The
director tends to deliver the story to the viewers via a sensory experience includ-
ing visual and aural stimuli [20]. Video games differ from these methods as they
employ interactivity [75]. The role-playing game (RPG), as an example, first moves
the user’s perspective from that of a passive viewer to that of a player who acts
as a character and sees the world through their eyes. The game then enables the
player to control the protagonist, hear and see what his/her avatar experiences,
interact with the game world via that avatar, and take on the protagonist’s motiva-
tions and emotions. Instead of communicating narrative and immersion via visuals
and sounds, video games do so via interactivity [49]. The term agency [98] is used
to describe the process whereby a game player interacts with a character or object
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in the scene and reacts as a consequence of that interaction. In the process of in-
teracting and having agency, the player immerses themselves in the game’s virtual
world and picks up the story elements hidden within the various game elements,
such as dialogue with the characters, their decisions and motivations, events, and
the development of player–character relationships [126, 75]. Via agency the game
player is deeply involved in the emergence and progression of events in the virtual
world. Cinema and theater audiences, on the other hand, sit separate to the events
taking place and have no participation in their progression.

Storytelling via interactivity in video games, however, can also be fragile [87].
Since the game designer cannot predict specific actions each individual player will
take at a given moment in the progress of gameplay, he/she cannot fully ensure
that the narrative will be presented in the designed way since the player’s behav-
ior may render it incomplete or incomprehensible. Many game designers chose to
embed film-like cut scenes into their games to deliver critical narratives. However,
as players lose their ability to interact during these scenes, they lose their agency.
Because the cut scene brings about a broken presentation of the game world, they
feel a diminished sense of immersion and experience the game as having been in-
terrupted [76].

2.2 Immersive Storytelling using Virtual Reality

WhenVR emerged into the public eye around 2016, VR headsets and consumer-
targeted 360-degree cameras also becamemore widely available. Creators see 360-
degree video as a simple version of VR, and soon adopted it as an immersive sto-
rytelling medium [21]. In that period, storytelling projects, experiments, and ex-
plorations mainly used 360-degree video as their mainstream form of content [18].
This section begins with 360-degree video, then introduces a more advanced form
of VR for storytelling, the cinematic virtual reality (CVR). Issues raised by CVR, such
as the narrative paradox (NP) encountered by creators during production and so-
lutions that have been proposed to address it, will also be reviewed in this section.

2.2.1 VR as a Storytelling Medium

Content creators including filmmakers, TV producers, and game designers be-
gan looking at methods they could apply to tell engaging and enjoyable stories in
VR taking into account its capability of immersing the viewer in the scene. Initially
they naturally turned to filmmaking techniques and skills, attempting to migrate
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tried-and-true methods to storytelling using VR (mainly 360-degree video). Com-
pared to cinema, the change immediately noticeable in the VR experience is in re-
lation to point of view (POV). In a VR experience, such as watching a 360-degree
video, instead of looking at a rectangular flat screen the viewer is inside the scene,
surroundedby the images, (usuallywatching via a head-mounted display (HMD), as
shown in Figure 2.1). Syrett et al. [146] stated that with this new POV the viewer be-
comes the narrator and now has control over what to see and what to understand.
In contrast, in traditional cinema, the creator has complete authorial control. The
change in the camera system also contributed to the necessity of developing new
storytelling techniques. Unlike the cinema camera used in traditional filmmaking,
which a lot of cinematography skills and screen grammar are a function of, the
cameras used to film 360-degree video (for VR) are built with two or more fixed
focal length (no zooming) wide-angle lenses to cover the entire scene (no panning)
(see Figure 2.1 for details). Thus commonly used cinematic terms such as pull-in
to focus in on an object or pan to reveal an object outside the frame space are no
longer relevant in this new scenario [27]. In short, due to the change in the POV of
the viewer when watching, the specificity of 360-degree camera features, and the
disappearance of the screen frame, many of the grammar elements of cinema, such
as various types of shots, camera movement, or time-compression editing, are not
applicable in VR content [37].

FIGURE 2.1: One of the 360-degree cameras available on the market
(left); a viewer watching a 360-degree video (right).

Prototype projects appeared during this stage as creators and practitioners
tried to embrace these changes. Oculus Story Studio published several short om-
nidirectional videos (I avoid the term VR film as VR and film are two independent
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storytelling media), including Henry [105] and Lost [106], experimenting with new
storytellingmethods in VR (for screenshots of these see Figure 2.2). In both of these
examples, the creator designed the characters (a hedgehog and a robot arm, respec-
tively; see Figure 2.2a, b) to explicitly acknowledge the existence of the viewer in
the story world, as the viewer is not immersed in the scene, which is uncommon in
cinema (when used in cinema, it is referred to as “breaking the fourth wall”, as the
actor is directly addressing the audience from the other side of the screen [17]).

Another example is the 360-degree video Dyskinetic by Oscar Bastiaens [9]. In
this video, the first-person view is applied as the camera view (the viewer plays as
one of the major characters). The viewer sits behind the protagonist’s eye, expe-
riencing the protagonist’s paralysis, speechlessness, and inability to move, while
seeing other characters talking and interacting, expressing their opinions (for a
screenshot see Figure 2.2d). In the 360-degree video Never Bout Us by Cameron
Grey [23], the creatorwas aware of the differences between storytellingwith a cam-
era for VR and traditional cinema. He borrowed techniques from theater, such as
having the actors move dynamically toward the viewer (acting towards the cam-
era and moving in terms of the camera). In this video, the story starts with the
main focus in front of the viewer, with every other direction darkened to further
enhance the front section as the primary focus zone. The memory phantom ghosts
then played first to the left to catch the viewer’s attention, followed by the protago-
nist also moving to that location to complete the shift in the viewer’s main focus, as
shown in Figure 2.3. This two-step shift was done multiple times to gradually draw
the viewer’s attention towards the left side instead of panning the camera in that
direction.

The 360-degree video HELP from the Google Spotlight Stories studio [79] made
an attempt in a different direction. While also acknowledging the viewer as a char-
acter in the centre POV, the creator placed several key characters (a policeman, a
pedestrian, a monster) around the camera (i.e., the viewer). They then handed the
freedom of choosing where to look completely over to the viewer, giving away au-
thorial control (as shown in Figure 2.2c). In this video, the viewer can freely follow
one of the characters throughout the story or frequently jump between the char-
acters but still maintain a rough understanding of the plot. Eventually, the viewer
will need to re-watch the video several times if s/he wants to grasp all the details.
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FIGURE 2.2: Screenshots from VR artworks: (a) Henry [105]; (b)
LOST [106]; (c) HELP [79]; (d) Dyskinetic [9].

(a) and (b) are examples of the protagonist in the scene acknowledg-
ing the existence of the viewer; (c) shows multiple events and charac-
ters placed in the scene simultaneously (the pedestrian on the left, the
policeman in the middle, the alien on the right); (d) shows the viewer

taking the first-person view of a patient on a bed.

An updated cinematography language was also proposed to help VR content
makers gain confidence in incorporating compelling storytelling within this new
medium while resolving the FOMO issue for a lengthy immersive viewing experi-
ence [28, 93]. However, in the works stated above, creators migrated the story-
telling grammar and toolkit of filmmaking to immersive storytelling in 360-degree
video. The mindset behind the migration implies that they still see VR as a form
of cinema, only differing in the spatial configuration of the elements of the story.
Evidence includes the absence of the frame and the shift in the viewer’s location,
from the seated bystander of cinema to the first-person view in the scene in a VR
experience. The change in the viewer’s role in the narrative and the intrinsic char-
acteristics of the immersive environment were much less considered.
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FIGURE 2.3: Screenshots of the 360-degree video “Never Bout Us” [23].
The images are taken chronologically from the video, showing how
the “memory phantom ghosts” (shown in red boxes) and the protago-
nist (shown in green boxes) alternately moved towards the left of the
view, from a) through f), gradually directing the viewer’s attention to
the exit on the left side. The changing location of the bookshelf from

a) to f) indicates the shift in the viewer’s POV towards the left.

Researchers have found that whenmoving from flat 2D video to an immersive
medium, not surprisingly, the most noticeable change is in terms of point of view
(POV). In an immersive medium, the viewer sits in the centre of the scene instead
of looking at a rectangular flat screen. Syrett et al. [146] stated that with this new
POV, the viewer becomes the narrator since s/he can choose what to look at and
understand. The new POV represents a change in the viewer’s role. One commonly
used method to cope with this change is to define the viewer as either a spectator
(not part of the story) or a character (either invisible or acknowledged) in the story.
Bender [12] compared the effects of two camera positions in VR, the character view
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and the immersive passive view, considering their effects on attention to essential
spots. The character’s first-person view did help the viewer to establish a fixation
on the ROI faster than a third-person view.

In her research, Dooley [38] also proposed a less coarse division. She catego-
rized the roles of a character as those of silent witness, participant, and protago-
nist. The difference between participant and protagonist is determined bywhether
other characters in the story give the viewer social acknowledgment. It also relates
to how often and with what priority this is given. Furthermore, acknowledging the
viewer as a person or a character is a VR approach borrowed from theater practi-
tioners. In staging and performing 360-degree video using principles from theater,
Pope et al. [116] found that actors had lines directly spoken to the viewer/camera,
treating it as another person in the scene. The viewer were treated as an invis-
ible ghost by the actors, since in 360-degree video, the viewer cannot see his/her
own body when looking down. Brewster [18] also stated that the viewers could
alternatively experience a “morphing” of identity, where they find themselves be-
ing something in the story or the scene other than a human being. One example is
the 360-degree filmMiyubi from Oculus [46]. In the film, the viewer finds that s/he
has become a toy robot newly acquired by a child and witnesses how other family
members treat the child. Figure 2.4 shows a screenshot from the film, with the toy
robot’s arms visible in the lower part.

FIGURE 2.4: A screenshot from the 360-degree filmMiyubi [46] (source:
Oculus.com). The viewer is embodied as a toy robot, with the robot
arms visible if the viewer looks down. The image is slightly distorted
because of the conversion from 360-degree video to a flat image.
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Besides defining the viewer’s role from a screenwriting or theater staging per-
spective, the pose a viewer takes to watch the narrative content will also influ-
ence how his/her role is perceived, thus affecting his/her behavior when watching.
Gödde et al. [57] observed viewer behavior using the same content, but in a seated
versus a standing pose. They point out that when seated (the most common way to
view 360-degree videos), viewers spent more time looking towards the front and
showed less exploratory behavior. Tong et al. [153] also explored the preferred
user scenario for 360-degree video and coined the term swivel-chair VR to specify
the preferred way to consume 360-degree video content (seated rather than stand-
ing). Swivel-chair VR describes a scenario where the viewer watches a 360-degree
video while sitting in a swivel chair, wearing a VR headset. The swivel chair al-
lows the viewer to rotate around 360 degrees by turning the body together with
the chair. It is easier and more comfortable than only turning with one’s neck, as
the swivel chair serves both as a cue to imply the affordance of rotation and an an-
chor point to assist rotation. It also provides greater comfort and safety compared
to standing while viewing.

Mise-en-scène is a powerful tool for filmmakers to design story elements to help
the viewer discover where they are located and what to focus on in the scene. This
was also explored in the context of VR for storytelling. Dividing zones around the
viewer was proposed because viewers were free to look around and decide where
the current view and focus would be in an immersive scene. However, researchers
discovered that not all directions around a viewer had equalweight, given a choice.
Gödde et al. [57] divided the entire 360-degree area around the viewer into the front
area, the rear area, and a blind spot directly behind, as shown in Figure 2.5. They
point out that viewers mainly focus only on elements within the front zone (180-
degree front-facing) and are less likely to look for elements within the rear zone,
where significant head turning is needed. The blind spot is where elements will
most likely be ignored ormissed by the viewer, even though theymaybe relevant to
the narrative. With proper staging and directing cues, viewers can be encouraged
to explore the rear zone. However, the placement of essential elements in the front
zone is still recommended, as their study demonstrated. They also found that if the
viewer takes a seated pose, the preference for the front will be intensified.
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FIGURE 2.5: Gödde et al. [57]’s division of staging zones in the full 360-
degree area around the viewer. Note the a blind spot of about 50 de-

grees directly behind the viewer.

Distance is another crucial factor to be taken into consideration. Dooley [38]
pointed out that in traditional filmmaking, within the border of a frame, directors
can use various types of shots to control what story element to focus on, such as
close-ups or wide view, to direct the viewer’s gaze and attention. Likewise, in VR
storytelling, while there is no frame to define a shot, defining “experience” based on
“distance between the viewers and actors” can be essential and viable. Dooley pro-
posed a theory that “in an immersive scene the distance can influence the viewer’s
emotional engagement with the characters” and analyzed three scenes in a sample
narrative 360-degree video, Dinner Party [88], to see if distance variations changed
howviewers perceive their relationshipswith the characters around them. In their
study, Pope et al. [116] asked actors to stage and perform a short drama for either
a viewer sitting on a swivel chair or a 360-degree camera taking the place of the
viewer, as shown in Figure 2.6. They discovered that when the camera replaced
the actual viewer, actors still performed based on principles regularly used in the-
ater. The actors tend to group on one side of the camera so the viewer can easily
see all the action without having to turn their head frequently. In another test,
Bailenson et al. [6] found that in an immersive environment, users tend to main-
tain their personal space and keep their distance from other human characters,
just as they do in real life, and that if other human characters make eye contact
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with the viewer, this tendency of distance-keeping will be more obvious. It should
be noted that their work was not conducted on 360-degree video but rather mainly
in a highly interactive setting where the viewer could freely move around.

FIGURE 2.6: Two top-down shots from the study conducted by Pope et
al. [116]. A group of three actors “huddle” around a real viewer (left)
and around a 360-degree camera (right). Source: Pope et al. [116]

.

Besides controlling scene elements, directors have tried tomanipulate the cam-
era’s parameters directly to affect how the viewer perceives his/her role. One ex-
ample is the camera’s height. Researchers discovered that the viewers are more
accepting of vertical differences between the camera and the eyes if the camera po-
sition is lower than the viewer’s eye height [129]. Another example is the viewer’s
pose. A seated pose is preferred for watching 360-degree videos and can be easily
adapted compared to a standing pose [69].

2.2.2 Cinematic VR and Narrative Paradox

As 360-degree video has become widely popular, content creators are now
trying to produce more engaging narratives using this immersive medium. The
term CVR is used to describe such VR experiences. CVR creators now aim to cre-
ate lengthier content with a complete narrative arc (similar to the drama or doc-
umentary commonly seen in cinema) and to make viewers feel immersed in the
story world, rather than short and simple footage for brief excitement [39]. The
CVRviewerwatches pre-recorded or pre-rendered content in omnidirectional (360-
degree) video format, using an HMD [93] so s/he can freely look around and change
viewpoint [93]. It should be noted that the definition of CVR is not definite but still
evolving. The physical viewing experience with CVR, especially the viewer inter-
action element, can vary from simple passive immersive video, where the viewer
only has the freedom to look around, to a computer-aided system that allows the
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viewer to interact with objects and characters in the scene, and even alter the nar-
rative progression [158, 126, 43]. In the production and distribution of CVR con-
tent to a broader audience, one of the significant issues creators encounter is the
narrative paradox (NP), which is the tension between the viewer having freedom
of choice and customizability and the creator controlling how the narrative plays
out [161]. The NP poses a challenge for creators in terms of balancing engaging
interactivity with dramatic progression. The second major issue linked to viewer
control is that it can cause the viewer to miss essential story elements, inducing a
fear of missing out (FOMO) [86] and yielding weak narrative comprehension and
low emotional engagement.

Because researchers initially sought solutions to these issues bymigrating film-
making techniques to CVR production, terms from the film director’s vocabulary
are also brought into this realm, namely, mise-en-scène, cinematography, and edit-
ing [17], to group the solutions proposed in previous works. Sound is left out as it
is outside the scope of this research.

In terms of mise-en-scène, creators tried to maintain both narrative control
and the feeling of immersion by changing the viewer’s viewpoint in the scene (e.g.,
through camera placement), by rearranging the placement of the character’s ac-
tion, and through other story elements [116, 129, 38]. CVR practitioners also bor-
rowed skills from theater when they found similarities between CVR and theater,
such as increased viewer freedomand continuous playback of the content [4]. They
used on-stage elements as cues to attract the viewer’s attention, such as lighting,
shading, and stage setup with depth changes [82]. From the cinematographic per-
spective, several researchers discussed how the spatial-temporal density of a story,
framing grammar, and editing techniques apply to CVR [57, 39, 71, 45], as well as
going beyond this to explore methods to directly guide the viewer’s attention to
essential story elements while not taking away their freedom to browse around.
In terms of editing, researchers and creators reached less solid conclusions com-
pared to the other two. Fearghail et al. [45] and Serrano et al. [136] both looked at
360-degree video editing and came to the conclusion that jump cutting is applicable
in CVR but not as frequent and effective in cinema. Relevantly, pauses and tran-
sitions were also migrated to CVR, with modifications [71]. Prolonged pauses are
preferred in scene changes in CVR because viewers need extra time to explore the
scene and understand where they are after the jump. Further discussion on this
can be found in section 4.6.1.
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One observation is that these solutions all focused on the creator’s role, as op-
posed to viewer agency. Even the terms used to group them are from the film direc-
tor toolkit. Although the viewer’s new role as being inside the scene and part of the
storytelling activity in CVR is acknowledged (see section 2.2.1), little attention has
been given to this aspect of CVR, especially the viewer’s role and agency through
interaction. One assumption is that creators are most familiar with mature film-
making techniques used in the industry and choose tomigrate these into the newer
medium (a direct example is how well-established terms from filmmaking have
been borrowed to define CVR rule perspectives). In traditional filmmaking, viewer
agency is seldom considered because, in a cinema, the viewers are passively sitting
and looking straight at the screen, with zero interactionwith the content and no in-
fluence on the story. Thus, CVR creators take this as the given viewer scenario [17]
and tend to ignore viewer agencywhenmigrating techniques to CVR. However, the
viewing experience of swivel-chair CVR is quite different from traditional cinema.
Firstly, although both are normally experienced while seated, a CVR viewer can
turn his/her head or chair to look around [153, 55]. This freedom of head rotation
means the viewer now controls where to look in the scene, changing their percep-
tion of their role and extending their interactivity and agency [146]. Secondly, a
CVR viewer is not a fully active participant, because CVR is a “lean-back medium”
with limited interaction possibilities [130]. The viewer is still passive and mainly
wants to watch the story unfold and follow the narrative instead of acting in it [57].

Discussions focused on the properties of interaction design from the viewer
experience perspective (such as the viewer’s awareness of affordances for inter-
action and expectations of agency) were also rarely found in the literature. The
typical discussion has been around how to enable full viewer interactivity in im-
mersive environments [150, 115]. However, full interactivity would require com-
plex hardware and an overly demanding amount of effort on the viewer’s part,
and thus does not apply to CVR. This amount of interactivity borders on something
other than cinema and tends more towards the immersive video game (see sec-
tion 2.1.3). Also, in many games the player controls an avatar, which is a character
in the story. Representation of the viewer him/herself via an avatar does not ex-
ist in CVR [39]. Thus CVR viewers and video-game players are considered to have
different primary motivations and as such are likely to comprise different demo-
graphics. Design considerations around CVR viewers will be further discussed in
the next section.
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2.2.3 Guiding the Viewer’s Attention in CVR

Directors rely on a series of cinematic techniques to guide the viewer’s atten-
tion, invoke curiosity and a suspension of disbelief, deliver expressive content, and
effectively tell a story [31, 94]. Similarly, researchers have been using cues in the
immersive scene to direct viewer attention to ROIs, while maintaining the viewer’s
freedom to explore the scene. Elements from video games including virtual ar-
rows [22, 50, 54, 114], signs, markers [162], and audio [99, 110] are imported into
the scene as cues to direct viewer attention to the expected ROIs (several screen-
shots are provided as examples in Figure 2.7). However, researchers have also
discovered drawbacks. Nielsen et al. [99] pointed out that when a cue was applied,
such as an arrow, it was presented in the scene as a non-diegetic object. This re-
duced the viewer’s sense of presence since s/he was constantly looking at an item
that was not contextually related to the environment. Lin et al. [80] used scene ro-
tation as the cue to avoid non-diegetic intrusion. They rotated the rendered scene
in real time to directly orient the viewer toward the ROI. However, the level of
cybersickness spiked when the scene rotated. In addition, production-wise these
cues are applied in the studio after the content is captured. Using these approaches,
therefore, requires a large investment in time, resources, and skills in sophisticated
post-production software.

Instead of using post-processing or non-diegetic cues, others looked into com-
bining attention guidance into the production stage by learning from theater prac-
tices. Lighting control was first migrated from theater stages into virtual scenes
as an attention-guidance technique [7, 16, 42]. Then Brown et al. [19] conducted
an early trial that directly used human actor performance, in which they scripted
the actions of human actors to make the viewer aware of specific events happen-
ing in the scene. Lindeman [81] also worked on providing a “lexicon of shots” for
360-degree video capturing, providing body language references to actors, allow-
ing them to implement attention guidance while shooting the videos, as shown in
Figure 2.8. These all sit at the border between mise-en-scène and cinematography,
as some use diegetic story elements tomitigate the NP and FOMO issues to a certain
extent. However, they still have shortcomings, such as breaking the feeling of pres-
ence as non-diegetic elements or lacking consideration of the viewer’s expectation
of participating in the story as a character.
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FIGURE 2.7: Examples of pointing arrows as directional cues in the
VE: a) pointing arrow [22]; b) GPS-style pointing arrow [54]; c) the
Bubble Bee as a pointing and directional cue, pointing to the blue dot

as a target [162]

FIGURE 2.8: Examples of shot types for a 360-degree video live stream
developed by Lindeman [81]: a) the “look there” shot, a hand and
head gesture where the presenter points and looks out toward a dis-
tant point of interest, then looks back at the camera; b) the “come
along” shot, a camera movement that seems to beckon the viewer to
move along with the presenter at a measured pace; c) the “look here”
shot, a cameramovement that brings the camera towards a very close,
immovable ROI. The images are screenshots from 360-degree videos

from the viewer’s POV.

2.3 Viewer Interaction in Immersive Media

As stated in section 2.2.1, many researchers have worked on solutions for is-
sues like NP and FOMO. Some have tried to maintain narrative control and deliver
dramatic experiences by changing the viewer’s viewpoint in the scene (e.g., camera
placement), the placement of action, and the story elements [116, 129, 38]. Others
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have explored techniques to direct the viewer’s attention within the immersive en-
vironment to essential story elements, including the use of diegetic story elements,
visual cues, and alternations [128, 80, 161, 19]. However, these solutions all focused
on the creator’s role, not viewer agency. Many emphasize aworkflowwhereby CVR
directors try to manipulate the viewer’s focus, compose scripts to balance out spa-
tial and temporal story density, and use framing and editing in both the production
and post-production stages, among others. However, none of these put the viewer
at the centre of creative decision-making.

As mentioned in the previous section, the viewer’s role changes with the move
from a flat screen to an immersive medium such as 360-degree video. The shift
means the viewer is now part of the story world (as a character or not) and will
expect more agency [93, 121]. It can be inferred that the CVR viewer will want to
interact with elements in the story world and influence the narrative, similar to
what a video game player would normally do (see section 2.1.3). But unlike with
gameplay, viewer interaction in immersive storytelling implies a particular control
the viewer has over the narrative [138]. This control differs from one system to an-
other (either because of the system’s hardware or the purpose of the storytelling).
The following sections will first propose the idea of a continuum of interactivity to
characterize and group experiences and projects by their levels of viewer inter-
activity, on a continuum ranging from very limited to limited, medium, and high,
as shown in Figure 2.9. All groups will be discussed in terms of their interaction
design decisions and properties.

2.3.1 Zero Interactivity

The most common and easily accessible form of CVR is the 360-degree video.
Like in traditional filmmaking, the viewer takes a seated or standing pose, watching
the video either on a flat-screen device or wearing an HMD [153]. In both cases,
the only viewer input is the viewer’s choice of the direction in which to look at any
given time. In a traditional 360-degree video, this inputwill not affect any narrative
progress, and the creator does not predefine any reactions to it [143, 80]. One can
conclude that the viewer in 360-degree video playback has zero interactivity with
the narrative. Such experiences are located on the left-most part of the continuum,
as shown in Figure 2.9.
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.
FIGURE 2.9: The continuum of interactivity. The horizontal axis repre-
sents the level of interactivity an experience offers, varying from very
limited to highly interactive. Various immersive experiences with
different levels of interactivity are placed along the continuum, not
limited to CVR but also including VR games, interactive theater, and
many others. The titles of publicly available experiences are explic-
itly labeled. The emergent museum tour [60], hero’s journey [121],

and pen-based AR [36] are described in sections 2.3.1 to 2.3.4.

2.3.2 Illusion of Interactivity

Other than addressing the directors and actors, some researchers also tried
to embrace the viewer’s first-person view using an “illusion of interactivity” ap-
proach, which helps to increase the level of spatial presence and realness, even
when no “real” interaction is taking place (see [120]). Brewster from Baobab Stu-
dios [18] presented the method they applied in the computer-generated narrative
VR short filmAsteroids [145], where a robotic dogmirrors the viewer’s simple head
tilting during a dwelling stage before the main story starts. This reinforces the
viewer’s impression of being part of the scene and that their movement can affect
the scene itself, even if general interactivity is not enabled and the experience is re-
mains a linear film. Dooley [39] also points out that strategic VR directors can create
the illusion of choice for the viewer when in fact what they are doing is creating a
series of audio and visual cues that result in a preconceived narrative experience.
This can be done by deliberately laying down a series of content chunks with aux-
iliary transitions and assisting content in filling in the blanks between important
story nodes. Thus, the viewer will feel in control and that the story unfolds as a re-
sult of their noticing something remarkable or choosing to look at a specific object
first. Yet, system wise, the viewer is not interacting with the environment, nor do
they have any impact on how the narrative unfolds. Thus, these experiences also
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fall in the left-most part of the continuum.

2.3.3 Medium-Level Interactivity

CVR creators realized that in an immersive storytelling experience, the viewer
will take the role of a character (at least that of a spectator) and expect to inter-
act with elements in the story world. They also noticed that the fulfillment of
viewer agency is closely linkede to the viewer’s experience of CVR overall. Thus
they began to enable actual interactors in the story scene instead of using illusory
ones [130, 43, 53]. However, creators and researchers are facing new challenges
because on the one hand, content has always been prerecorded or rendered in
advance, and production guidelines are well-established around prerecorded ma-
terials (similar to what is widely adopted in the filmmaking industry), and on the
other hand, viewers are still broadly seeing the experience as an activity of watch-
ing rather than one of dedicated playing. New challenges here include the tasks
creators would like the viewers to carry out, the input viewers will employ in per-
forming the tasks, the environmental and narrative changes the viewers’ interac-
tion introduces, and the different levels of interference viewers should have for a
CVR experience. Creators and researchers point to different solutions depending
on design motivation, context, and creator’s purpose for each CVR experience. A
detailed discussion of these is presented in section 2.4.1.

2.3.4 High-Level Interactivity

Simply browsing prerecorded clips by pointing and clicking is not the only
type of immersive storytelling. On the opposite end of the continuum, researchers
have also tried advancing narrative experiences by employing interaction tech-
niques of high-level fidelity similar to those used in video games, discussed in sec-
tion 2.1.3. Examples include emergent storytelling, interactive drama, and sandbox
video games. Sharaha andDweik [138] reviewed several interactive storytelling ap-
proaches with different input systems. These approaches have one aspect in com-
mon: the user is highly interactive since they act as one of the virtual characters in
the story. In the system they designed, Cavazza et al. [25] focused on auto dialogue
generation to drive the narrative based on text input provided by the viewer. A
similar approach can also be found in the well-known video game Façade [92, 135],
in which the story unfolds as the player interacts with two virtual characters by
typing text into the console (see screenshots in Figure 2.10). Soares de Lima et
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al. [36] proposed another storytelling experience where the viewer watched the
narrative via an augmented reality (AR) projection system and participated in it
through drawing. The virtual characters were performing, and the viewer could
physically draw objects on a tracked paper and then “transfer” them into the story
scene as virtual objects to interact with the characters and the storyline.

FIGURE 2.10: Screenshots from the video game Façade [92] showing
the two characters. The player interacts with them by typing text into
the game window. The conversation is visible as text on the screen.

In another large-scale experience [26], the story unfolded as the viewer had
natural conversationswith another virtual character. The viewerwas able to speak
and move around in the scene freely. The system reacted to her behavior and pro-
gressed with the narrative. In these experiences, the viewers (or users) were given
interactivity of a high fidelity (speech, gestures, locomotion, drawing). Because of
the abundance of input and interaction techniques available to the viewer, these
experiences are placed at the right end of the continuum, as shown in Figure 2.9.

2.3.5 Level of Interaction in CVR Storytelling

In the previous section, swivel-chair VR was mentioned as the preferred user
scenario for CVR, where a passive viewer sits on a swivel chair (or, less likely, is
standing). The viewer expects some agency in the storytelling but still wants to
enjoy the narrative “leaning in” (involved in the storytelling, but not actively lead-
ing its progression) instead of “leaning forward” (actively participating in the sto-
rytelling activity and leading its progression via his/her own actions) [158]. Con-
sidering the placement of “CVR with interactivity” on the continuum (Figure 2.9),
very limited interactivity is not considered as the desired option for implement-
ing narrative VR. In many CVR experiences, the level of interactivity provided by
the system does not match the viewer’s expectation of participation when moving
from a flat screen into this immersive medium. High-level interactivity is also not
applicable because in CVR, especially the preferred swivel-chair VR, the viewer’s
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capability of interaction, objectively, is still insufficient to perform full-body action
or delicate operation on objects. Furthermore, subjectively, the viewer is still pas-
sive, unwilling to act with full interaction, but rather enjoying the story unfolding
in front of him/her. Therefore, an initial inference can be made that a proper sys-
tem design for CVR with interactivity will be placed somewhere in the “limited” or
“medium” part of the continuum.

A storytelling framework presented by Reyes [121] fits well into this category.
She presented possible diegetic interaction options on a pre-scripted story with dif-
ferent navigation alternatives. The aim was to produce an interactive narrative
that is independent of the viewer’s journey within the story; the plot is always cre-
ated with a dramatic climax, “ensur[ing] the linear progression of the dramatic arc
independently of the journey shaped by the viewer’s choices” [121]. In her pro-
posed system, Reyes put forward this idea of “limited interactivity”, as the viewer
has some level of free choice. However, the general narrative structure is based
on the “hero’s journey” and is controlled and made by the creator (similar to the
double-diamond model in video game design [160]). The primary nodes are al-
ways defined (andwill be a key element to drive the story forward), with secondary
nodes of different paths for free choice. In their paths, two types of links were de-
signed and implemented, where “external links” are jumps between pieces of the
stories, moving alongside the general story arc, and “internal links” are extensions
within a node, pointing to extra pieces of stories but not critical to the arc (pro-
viding more information to enrich the experience). A similar approach has been
evaluated byWinters and Zhu [161]. They used the structural features of buildings
and terrains in a 3D game world to implicitly guide the players along the story-
teller’s preferred path. They also placed prominent landmarks in the backdrop
of the game world, representing key places where the main plot takes place, that
the player, while freely roaming the world, would be attracted to and eventually
choose to go to, thus driving the narrative forward.

It may in fact be inappropriate to represent all viewer interaction in CVR along
a single-dimension continuum that groups themby “level” of interaction of a viewer
during the experience. On the one hand, the level of viewer interaction varied from
very limited to medium, high and abundant, determined by system design [128].
On the other, similar forms of interaction techniques also have a different im-
pact on the story itself, such as simply controlling the playback progress on a one-
dimentional timeline [108] or affecting how the story unfolds and ultimately chang-
ing the outcome, such as in Bandersnatch [140, 125]. Level of interactivity, that is,
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the complexity of the interaction technique, seems to not be strictly equivalent to
depth of impact, as described in a previous section. It is possible that when an
interactive storytelling system is implemented, its input methods and interaction
techniques define its position on the continuum of interactivity. However, how the
viewer will choose to participate and affect the narrative cannot be fully predicted
because the actual use case varies from one viewer to another. This was discussed
by researchers who looked at both technical and narrative aspects of immersive
experiences separately [100]. Koenitz [73] also put forward a theory indicating
that the viewer’s participation in storytelling is also part of the narrative. Further
exploration will be needed on the relationship between viewer interaction design
choices and the actual viewer experience.

Furthermore, from the aforementioned interactiondesign case, itwas acknowl-
edged that there is no definite “better” interaction design for a satisfying viewer ex-
perience. One iteration of the digital marae experience from an ongoing research
project can be a suitable example to demonstrate this point (see [109]). In one of the
conditions in that experience, the viewer could spatially get “closer”with one of the
ROIs and “further” fromothers. The system interpreted the viewer’s choice bymea-
suringwhich ROI s/hewas closest to and presented the associated story. The viewer
had a high level of narrative immersion because s/he felt the host knewwhere s/he
was and what her focus was as s/he roamed the virtual environment. The viewer
was participating in the progress of storytelling. The sequence of the content be-
ing delivered was determined by the viewer’s activity. Instead of using pointing or
clicking, the viewer participated via his/her location at the moment. However, this
setup also significantly increased the system’s complexity as the viewer needed in-
put for teleportation, and the creator needed to cope with extra factors such as the
viewer’s distance and possible interruptions when the story about one specific ROI
was being delivered. We can assume there is no “correct” choice between these
two setups, and that it instead depends on the creator’s choice of the purpose of the
installation and what experience the viewers are expected to have.

Reviewing all types of interactions in storytelling experiences, at this stage,
the following preliminary conclusions are those currently generated and acknowl-
edged by CVR creators. These provide the common ground on which the research
projects in this thesis are built.

1. A CVR viewer is a “lean-in” viewer. Creators are recommended to consider the
viewer as a character in the scene. They should allow the viewers a certain
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level of impact on the narrative, resulting in viewer agency, presence, and en-
gagement. At the same time, the viewer’s participation needs to be considered
because his/her role is different from that in cinemas or video games;

2. The creatorwill need to consider a series of consequenceswhenadding viewer
interaction to CVR. Those include the tasks a viewerwants to carry out, the im-
pact on the narrative each of these tasks will have, and the input method the
viewer will use to perform these tasks. Especially in terms of input method,
both explicit and implicit ones were employed in previous works. Based on
conclusion one, since the viewer is only “leaning in” instead of fully willing to
participate, creators are recommended to use implicit techniques in CVR;

3. Authorial control remains necessary to deliver a complete story. The creator
still needs it to construct the story arc to evoke emotional engagement in the
viewer. Internal links between the story elements need to remain intact de-
spite the viewer’s interactivity;

4. Whether a higher level of abundance and complexity of viewer interaction
will necessarily lead to a higher level of narrative engagement and enjoyment
remains unclear. Creators need to consider this in light of the general purpose
of the storytelling activity itself.

2.4 CVR with Viewer Participation and Interactivity

From trials and tests with CVR storytelling involving viewer interaction, new
questions arose for CVR content creators and researchers concerning viewer par-
ticipation. While acknowledging the involvement of the viewer in the process of
storytelling, they faced the following challenges:

• What part of the storytelling progress will the viewer be involved in and af-
fect?

• To what extent will the viewer’s input and interaction be incorporated into
the storytelling itself?

• If the viewer’s interactionwill intervenewith the storytelling process/narrative
progression, what is her/his motivation and expectation?

• What changes are needed to the story structure itself to match the viewer’s
involvement?
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• How can one create an acceptable combination of story structure and viewer
motivation for interaction, and then get them to match?

Possible answers to these questions will be discussed in following sections.

2.4.1 Viewer’s Involvement the in Narrative

Acknowledging that viewers intend to interact, researchers have been explor-
ing and evaluating various interactive techniques for CVR. Depending on the con-
tent, the genre, or the creator’s specific intention, each approach registers its com-
bination of choices in terms of several elements. Two of them are the main focus
here: the interactive element’s visibility and the depth of impact on the narrative.

Generally, when creating a CVR experience, the creator will need to go through
three designdecisions before eventually implementing the specific interaction tech-
nique: the tasks she wants the viewers to carry out, the consequence/impact each
task will have, and the input method the viewers will use to perform them. Various
interaction designs from example projects are reviewed in the following three sec-
tions, paying particular attention to their visibility to the viewer and their impact
on the narrative.

Shallow Intrusion—Temporal Control. A typical viewer input in CVR is the
temporal control, which means the viewer can only interact with the playback of
a narrative (such as by changing the speed, pausing, or browsing), but is unable to
break the linear progress. In a conventional 360-degree video player, the viewer
is presented with a user interface (UI) in the form of a menu bar UI for interac-
tion. Two examples, from Pakkanen et al. and Keijzer [108, 66], are shown in Fig-
ure 2.11. These researchers developed and tested various input techniques, but the
control panel stayed similar. They were always derived from familiar desktop UIs.
These UIs require eye and hand coordination to complete the “pointing-to-activate”
two-step action, temporally taking away the viewer’s capability of making spatial
choices and looking at the scene itself. Petry and Huber [113] invented a new sys-
tem that decoupled orientation control from temporal control. They kept free head
rotation to control where to look and, simultaneously, enabled an extra pointing
gesture for fast-forward/rewind. The viewers were therefore given parallel capa-
bilities to look around and browse through events chronologically simultaneously.
These two inputs also did not interfere with each other, unlike in the previous ex-
amples. However, they all kept the viewer at the level of controlling the tempo-
ral progress along a linear track; the storytelling itself was prerecorded and fixed.
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Thus, the interaction was shallow and limited.

FIGURE 2.11: Two examples of the menu bar UI used in CVR inter-
action: a) a UI with several buttons and a progress bar, from [108],
where the viewer interacts with the buttons; b) a different UI
from [66], where the viewer directly interacts with the progress bar

to jump to a different point along the timeline.

Deeper Intrusion—Narrative Control. Creators are also aware that, in CVR,
after acknowledging the viewer as a character in the scene, adding interaction en-
hances the viewer’s feeling of presence because having an active role contributes
to their enjoyment and engagement [43]. At the current stage, as most CVR content
is prerecorded, the possibilities of interaction with the narrative itself are mainly
limited to two: (1) choices over a bifurcated plot where every scene is a video clip,
and (2) the overlapping of extra elements over each video clip, injected into the
scene [121]. Interactive narrative content, also known as interactive fiction [96], is
a form of narrative based on a bifurcated story and has been commonly available.
Content can be found in both traditional flat-screen media, such as the sci-fi drama
Bandersnatch from the series Black Mirror [140], and in immersive media, such
as the virtual relic city tour Bagan [32] based on recorded 360-degree video and
rendered 3D scenes. In interactive experiences, the viewers make choices at each
“intersection” (story nodes in the design) and rearrange the linkage of fragments
into the configuration of their choice [90]. One example is the previously men-
tioned drama Bandersnatch, in which the viewer is occasionally presented with
two choices throughout the story, as shown in Figure 2.12. Each interaction within
the experience is reactive, from a technological POV. Another type of narrative con-
trol strategy can be found in several on-site large-scale installations, where prere-
corded stories are stored in scattered locations [15, 91, 101]. In these installations,
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each visitor goes through story segments in the order corresponding to how they ar-
rived at each location or the route taken through the entire scene. However, this is
challenging from a narratological/authorial POV, in terms of maintaining the flow
of the story and viewer engagement with the narrative, because the story’s creator
cannot predict each viewer’s actual chain of choices when the content is presented.
Thus, authorial control over the narrative is disrupted. In these location-based nar-
rative experiences, users did have control over the sequence of disclosure of the
content but were still unable to change how stories precisely unfolded. In other
words, they were not involved in the initiation and development of the narrative.

FIGURE 2.12: Screenshot from the interactive film Bandersnatch
(source: Netflix). At several given moments in the film, the viewer is
presented with two choices. These may affect the current character’s
decision of imminent action. A countdown timer is also presented
(the thin line above the options). If the viewer does not make a choice

before it runs out, a default option is automatically chosen.

Explicit and Implicit Interaction. In typical designs of a viewer’s interaction
with the UI of the narrative system, visible elements, such as a circle target, a count-
down marker, or a translucent dot [63], assist the viewer in becoming aware of
the location of an ROI, the effectiveness of a recent input, or a commencing event.
When novel designs started to move away from a conventional UI, creators also
explored the possibility of enabling viewer input without relying on any visual in-
terface or reaction element. Rothe and Hussmann [127] list parameters around the
activation targets. Targets can turn visible when triggered by the viewer or can
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remain invisible, depending on the requirement of the narrative itself. In most
narrative VR, like with movies, even a small non-diegetic object can be disturbing
and break the feeling of presence. Thus, the trigger or target will need to be either
visible only when activated or invisible throughout the entire experience.

Explicit controls are also seen inmuseum tours, ancient site visits, etc., if choices
for visitors are enabled. A typical interactive method in this sector, known as the
perspective variation, was later proposed as a solution to this challenge [84]. A
strategy described in that method recommends that creators include a cluster of
different versions of the same story in their experiences. The viewer is then given
the option to choose a perspective s/he would like to experience or the character to
tell the story if there is an explicit storyteller. In the exhibitions The Hague and the
Atlantic Wall [112] and Narratives in the Trenches of WWI [91], visitors can choose
one of the characters from the scene by explicitly selecting one among several con-
textual objects at the start. Then the narratives the visitor will hear and see in the
tour will all be from that character’s perspective.

Other researchers chose the implicit design. Ibanez et al. [60] constructed a
virtual tour system that generates stories based on the location designated by the
viewer and the locationwhere a virtual tour guidewas standing. Therefore through
the entire tour the viewer feels like s/he is guided by a real tour guide, with all the
knowledge and responses to his/her choices of ROIs instead of linear prerecorded
video footage. However, all the granular narratives are prefabricated. Therefore,
compared to a conventional system where the viewer only gets to navigate along a
one-dimensional timelinewith explicit input, in this virtual tour system, the viewer
naturally browses the scene, and the narrative structure changes accordingly on
the fly. During the entire process, the viewer is providing implicit input to the sys-
tem (naturally choosing where to look and focus, as one would do in a real-world
tour), and is unaware that s/he is making choices.

2.4.2 Non-linear Story Structures and Their Interaction Designs

After acknowledging the necessity of viewer participation and exploring possi-
ble designs of viewer interactions in CVR, creators also realized that the traditional
linear structure common in novels and films is no longer suitable for this type of
new medium [98]. Since the viewer can intervene with the progress of the nar-
rative (despite various levels and types) and the viewer’s specific behaviors are
not predictable, the specific progress routes of an interactive experience in each
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playback are also not fixed. New types of story structures are borrowed and de-
veloped from other interactive media, such as video games and improvisational
theater, by creators of interactive CVR [138]. Carstensdottir et al. created a group
of typical story structures for interactive narrative games whose aims are all story-
telling. Other than the traditional linear story structure, they pointed out five types,
branching, foldback, broom, hidden, and opportunistic, all applicable to some extent
to immersive storytelling [24]. Some of the typical story structures are illustrated
in Figure 2.13. Millard et al. came up with a simpler model, the CDP model, that
classifies different non-linear story structures into three groups: canyons, deltas,
and plains [95]. Creators and researchers later realized that the typical branching
story easily leads to a tremendous amount of production and programming work
on content to fulfill the needs of multiple lines and endings and will eventually
cause the author to lose control of the progression of the narrative [122]. They up-
graded the branching design with new forms that come with a controlled single
ending but variable paths in the middle, such as the string of pearls, detour [157],
and gauntlet [122].
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FIGURE 2.13: Three typical story structures. The color blocks are
events in a story. The arrows connecting them are the flow of nar-
rative. (a) The traditional linear structure: one event happens after
another, the story only has one path, and everyone will get the same
version; (b) the branching structure: at every event there are multi-
ple paths to move forward, leading to several different endings; (c)
the gauntlet [122] structure: although there are branches along the
path, generally there is a main storyline and one ending. Other types
of non-linear stories are not illustrated here due to space limitations

(see [24] for more

.

The above exploration of interactive storytelling did not simply cover the static
story structures but also examined how viewers dynamically interact with them.
Carstensdottir et al. also listed four types of narrative progression mechanisms,
in other words, how viewers will interact with the storytelling system, such as
progress through choices and progress through scripted scenarios, and pointed out
that the progression mechanisms and the story structures are paired, instead of
a free choice of combination, when implemented [24]. Researchers who looked
at other interactive storytelling experiences and creators who build storytelling
projects have also justified that in immersive storytelling scenarios, the viewer
needs to be presented with a form of interaction technique that matches their role
in the experience, including their level of participation and capability for control
in the narrative progress (see section 2.4.1) [126, 33]. The takeaway here is that cre-
ators have realized how the viewer will estimate the structure of the story when
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facing the type of progression mechanism they are provided with, such as a viewer
is presented with choices, s/he will expect a branch story structure, and will expect
the narrative to progress in the way s/he expect. Thus creators need to follow these
patterns in the viewer’s mind, otherwise the viewer’s expectation and understand-
ing will turn out to be incorrect and their experience will deteriorate.

2.5 CVR and Personalized Storytelling

After bringing viewer interaction to CVR, some researchers moved on to look
at the possibility of acknowledging individual preference via the immersive story-
telling system to create “personalized storytelling”, since each person has her/his
own characteristics when going through any experience. In a series of studies, cre-
ators and practitioners have explored methods for bringing the characteristics of
flexibility and dynamic change of oral storytelling into other forms. In cultural
heritage and the galleries, libraries, archives, and museums (GLAM) sectors, peo-
ple have been looking at adding personalization to the visiting experience [35, 2].
Among those, Not and Petrelli [102] proposed that in order to enable personaliza-
tion, three factors need to be implemented:

• Customization—the content is prepared to be able to be reshaped and mor-
phed into different scenarios,

• Context awareness—the system can understand the current scenario and ad-
just accordingly, and

• Adaptivity—the system can change/alternate to deliver the correct form of
experience to the current viewer.

Comparing these works, a common pattern with three necessary elements was
found to construct a personalizable experience:

• Customizable content,

• Creation of a visitor’s profile, and

• Creation of storytelling variation based on these profiles.

These will be described in detail in the following sections.
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2.5.1 Customizable Content

In most types of media, such as books or films, stories are fixed once recorded
or produced. Creators and researchers have long tried to reintroduce the charac-
teristic of mutability to stories told other than orally. Zagalo et al. [163] and Lukin
andWalker [84] discussed the fabula/syuzhet relationshp and proposed the idea of
detaching the actual delivery of a story segment from how it was fixed in its core
content. They also included detailed introductions about the use of this two-layer
system in story composition and story presentation/disclosure. They explained that
in storytelling, there are two levels of narrative representation: (1) the story, or fab-
ula: the content of a narrative in terms of the sequence of events and relationships
between them, the story characters and their traits and affects, and the properties
and settings; and (2) discourse, or sujhet/suyzhet: the actual expressive telling of a
story as a stream of words, gestures, images, or facial expressions in a storytelling
medium [84]. Story and discourse are related but not identical or mirrored. In-
stead, in a narrative, events from the story are selected, ordered, and expressed in
the discourse.

2.5.2 Creating a Visitor’s Profile

In order to generate visitors’ profiles, it needs to be worked out 1) what fea-
tures are used for profile generation and 2) how the system is going to collect those
features. The selection of features first depends on the type of profile the system
will need, grouped as stable profiles, such as those based on demographic informa-
tion, and dynamic profiles, those that are closely related to the current visit [102].
Normally for a stable profile, the system will use socioeconomic factors such as
age, gender, or place of birth, or cognitive factors, such as personal interests in
daily life [1, 111, 132]. For a profile that is dynamic and closely related to the cur-
rent visit, the system will use features such as the visitor’s motivation, knowledge
related to the content, her expectation, and preferred itineraries for this visit [112].

Once the necessary features are selected, the next decision is around how the
systemwill collect information in relation to those features from the visitors. Many
previous projects used various methods to ask visitors questions directly and col-
lect their answers as data. These include:

• Explicitly asking via a questionnaire before the experience [131, 118, 11]; this
is similar to real-world rituals, such as the pōwhiri used by Māori to welcome
new visitors before entering the marae;
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• Implicitly collecting information via a short interactive interview rather than
asking direct questions to avoid the cold-start problem [65, 1];

• Implementation of objective-based methods [61, 91, 102], whereby visitors
were invited to pick an object among several choices all thematically related
to the experience; the choice is used as a representation of visitor’s prefer-
ences in terms of theme, language, character, etc.

There are also creators and practitioners who choose not to use visitors’ answers
as direct information as it requires the system to generalize every visitor’s profile
from the data. This requires enforcing a process that every visitor must go through
and ensuring all required information is collected from every one of them, which
can increase the time and effort expended.

Alternatively, some researchers chose a classification-basedmethod [123, 131].
The content creator anticipates and prepares a list of expected visitor profiles (nor-
mally as personas) in advance. The system collects a few key features from the
visitor and implements a matching process with the personas to put each visitor
into a category. It then responds to labeled categories rather than to specific visi-
tors. Although relatively coarse, the classification method reduces the number of
profiles created and saves time spent on matching content to profiles [132].

2.5.3 Strategy of Creating Variations

After obtaining visitor profiles, the next step is to apply variations to the cus-
tomizable content. However, selection of the specific variation strategy to use is
a case-by-case decision and depends on the system’s design and purpose of the
experience. Variation was introduced towards two aspects in storytelling in the
cases reviewed: the temporal succession of content segments and the disclosure of
a given story segment. Variations based on rearranging the temporal succession
of the content segments are completed either before the experience starts or at ev-
ery junction of two adjacent segments. The choice of segments is usually given to
the visitors and coupled with their physical input [15, 91, 101]. Variation based
on changing the disclosure of a given story is more of an artistic design choice,
with abundant implementation techniques. Several cultural heritage tours were
presented in section 2.4.1, from the Fabula Tales framework proposed by Lukin et
al. [84]. Although not explicitly set to one of the strategies, the disclosure of the
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same story varies in terms of POV and of style of speech as different characters de-
livered it. In these cases, visitors will sometimes need to revisit the same tour with
different characters’ voices to grasp the whole story.

2.6 Conclusion of Status Quo

In the previous sections, the background knowledge related to storytelling us-
ing VRwas reviewed, including the basics around storytelling, the well-established
storytelling forms (cinema, theater, and video games), early examples of immersive
storytelling, and the more sophisticated and flexible storytelling device known as
CVR. Viewer interaction and viewer personalizationwere also explained as newde-
sign considerations unique to immersive storytelling. Previous creators started by
borrowing skills and grammar from filmmaking for the production of 360-degree
videos, then began to consider the role of the viewer, their possible participation,
and the balance of power between viewer and creator, specifically in terms of
immersive storytelling experiences. Their work reveals that CVR creators do ac-
knowledge the viewer’s participation and the importance of viewer interaction.
However, the design space is yet not fully explored, as:

• From the creator’s side, there is still a lack of well-developed content prepa-
ration guidelines, design templates, and practical methods to assist the VR
storytelling workflow compared to traditional 2D filmmaking;

• Also, creators continue to seek ways to effectively presentation content to the
viewer addressing the issues of NP and FOMO;

• Creators and researchers continue to explore appropriate interaction tech-
niques for CVR taking into account how viewers would like to interact. How-
ever, themeans and extent of interaction viewers arewilling to accept remain
unknown. There is still a need to find a way of striking a balance between
authorial control and the viewer’s participatory involvement, one that satis-
fies the viewer’s expectation on agency while also ensuring the storytelling is
compelling and well delivered;

• In most current CVR productions, the viewer is treated by creators as hav-
ing an abstract and featureless role in the storytelling process. Personalized
CVR experience is yet not fully explored, nor has an engaging and enjoyable
personalized CVR experience been published.
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In the following chapters, studies conducted during this PhD research will be
introduced. These are aimed at solving the aforementioned problems through fur-
ther exploration and experimentation. The first study examines CVR content pro-
duction techniques for creators. The second study was built upon the conclusions
of the first, moving on to explore the viewer’s role and viewer interaction in CVR
experiences.



47

Chapter 3

Producing CVR Content with
Attention Guidance

3.1 Introduction

In recent years, 360-degree videos have become a popularway for people to ex-
perience virtual reality (VR). Unlike conventional video, viewers watch 360-degree
videos with VR headsets, using free head rotation to decide where to look. As de-
scribed in section 2.2, this form factor leads to the issues of narrative paradox (NP)
and fear of missing out (FOMO), yielding weak narrative comprehension and low
emotional engagement. To solve those issues, creators first tried to migrate film-
making grammar from cinema to 360-degree videos. However, they discovered
they are not as effective because the viewer’s point of view (POV) and thus viewer’s
role has changed in the 360-degree videos. Creators and researchers then focused
on using attention guidance cues to drive the viewer’s attention to story-matter
elements to maintain narrative awareness. However, those cues need post pro-
cessing work [162] and will break the feeling of presence [55] as they are mostly
non-diegetic (Diegetic is a Greek term meaning “belonging to the story scene, part
of the story”). A few others have tried using diegetic cues but with limited explo-
ration.

Based on previous work on 360-degree video production [39, 93, 18], the Trian-
gle System was first created as a guideline system for 360-degree video creators to
help them transition from traditional videos to 360-degree video productions. De-
rived from the well-known Triangle Method widely used by filmmakers to create
conversation shots [3], but modified for 360-degree videos, the system focused on
element arrangement by explicitly acknowledging the viewer as part of the scene
and a character in the story. Figure 3.1 gives a visual presentation and explana-
tion of the Triangle System, which covers the placement of the camera, the ROI and
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the storyteller her/himself in the scene, as well as the maintaining of the distance
between each element. The Triangle System covers three scenarios, which are all
depicted in Figure 3.1: A) A stationary camera with the ROI nearby, B) A stationary
camera with the ROI far away, and C) A moving camera that moves with the story-
teller. When the camera is stationary, and the ROI is close by, the storyteller will
stand in a place that is beside the camera with a normal distance similar to those
in daily conversation and within reachable distance to the ROI. When the ROI is
far away, the storyteller then chooses a location where both s/he and the camera
will have a similar field of view (FOV) to the ROI (B in the figure). In both scenarios
A and B, the storyteller, the camera and the ROI form a triangle (as drawn in the
figure, with blue shades). In scenario C, while moving, the storyteller will keep the
camera moving on the same side all the time. Now the storyteller, the camera and
the ROI form a triangle again, whether near or far. Thus, both the storyteller and
the ROI will be in appropriate locations visible to the viewer, and the viewer will
not have to turn her/his head back and forth.

FIGURE 3.1: A visual presentation of the Triangle System. In various
scenarios, the system reminds the storyteller to be aware of the dis-
tance to the ROI (close-by or distant) and the camera’s mobility (mov-

ing or stationary), and then apply arrangements accordingly.

3.2 Our System - Action Units (AUs)

The Triangle System proved effective in helping compose content for a 360-
degree video in some early trial runs [153]. But it had not yet touched the use of
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guiding techniques in the scene. The works done by Brown at el. and by Linde-
man both indicated that applying social communication cues as attention guidance
in 360-degree videos could be effective and at the same time, avoid post process-
ing [19, 81]. Cues like thosehave also been intensively utilized on theater stages [82].
In this chapter, Action Units (AUs) are proposed as a directorial method and an at-
tention guidance technique that a storyteller can adopt for onsite use. Compared
to the other guidance techniques that require post-processing work, AUs can be
created at the same time the creator captures the 360-degree videos.

The development of the AUs was started from the similarities between the
storyteller-viewer relationship in 360-degree videos, and the face-to-face conver-
sations in the real world. In a typical conversation, people use social cues to at-
tract attention or convey intentions [72]. Tomasello et al. [152] stated that direct
speech was necessary as the communicative context for mutual understanding.
Accompanying speech and non-verbal cues, including facial features and gestures,
were frequently utilized to convey extra information like intentions and changes
of focus [30, 52]. By comparing films with real life conversations, Kappelhoff and
Müller [64] pointed out that expressive movements, such as gestures, can trigger
the same kind of felt experience in the spectator in a cinematic experience, as those
in the real world. This happens as the viewer goes into a perceptual sensation
of another ego, which is physically-sensually embedded in the delivered content.
Similarly, when watching 360-degree videos and the viewer enters the temporary
egocentric position of being addressed by the storyteller in a (virtually) face-to-face
manner, social cues are believed to trigger the same effects as in real life commu-
nications and work as attention guidance cues. Ravenet et al. [119] also stated that
people use recurring patterns, e.g. gestures, to map conceptual metaphors from
one entity to another. This means that an effective attention guidance technique
will not only need to be diegetic to the content or the scene of the video itself but also
formed as prefabricated units. Thus their meanings can be widely acknowledged
and used by storytellers and viewers, for both notability and comprehensibility.

A series of AUs were then created from three frequently used non-verbal units
of social cues [48]. Among them, arm and head movements are used to empha-
size objects, and eye contact is used for establishing social acknowledgment and
enhancing the feeling of co-presence [67]. Therefore, three AUs were chosen for
360-degree video production based on these non-verbal cues (Examples are shown
in Figure 3.2). They are:

• AU01: Conversation - the storyteller keeps eye contact with the viewer;
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FIGURE 3.2: Examples of SMEs using AUs from virtual field trips
recorded as 360-degree videos. The AUs are highlighted in the shots
with bright yellow rectangles (the rectangles were for demonstration
purposes only and were not visible in the actual 360-degree video).
In the top row the expert used mainly AU02 and AU03. In the bottom
row the expert used all three AUs under different scenarios, which

are all shown in the pictures.

• AU02: Pointing - the storyteller points at an ROI when talking;

• AU03: Looking - the storyteller turns her head and looks at the ROI explicitly

In 360-degree video production, the storyteller can choose which of the AUs to
use according to the content and the narrative she wants to deliver. AUs serve as
call-to-action points, so when key elements appear, the storyteller will be assured
that her viewerswill followandhave an engaging viewing experience. When one is
wearing a VR headset and watching a 360-degree video of a subject-matter expert
(SME) giving a narration, a person will have the immersive experience of “being
there”, as if she is standing beside the expert, looking and listening. Thus, the ex-
pert in front of the 360-degree camera can use AUs when delivering the narrative
to direct her to focus on the ROIs in the scene, as if she is having a face-to-face
conversation with the expert.

3.3 User Evaluation of AUs

With AUs composed, the preferred user scenario for 360-degree videos, espe-
cially the ones where the storytellers give a presentation about a specific topic or
object, was first explored.
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3.3.1 Swivel-chair VR

In traditional filmmaking, the directors assume a passive viewer sitting in a
chair looking straight ahead [17]. Similarly, the term Swivel-chair VR is put forward
to specify the preferred way to consume 360-degree video content. Swivel-chair VR
describes a scenario where the viewer watches a 360-degree video while sitting
in a swivel chair, wearing a VR headset, as shown in Figure 3.3. By sitting on a
swivel chair, the viewer can rotate around360degrees by turning the body together
with the chair. It is more comfortable than only turning with one’s neck since the
viewer will have trouble looking directly backward, leading to muscle strain. The
swivel chair also serves as a cue to imply the affordance of rotation, and an anchor
point to physically ensure that the viewer is not moving around. The anchored
position 1) matches the capture point of the camera while in production, providing
a better immersive experience as the viewer feels like her body posture matches
the visual perceptionwithin the virtual environment, and 2) gives the viewermore
confidence in her safety in the real world, as the viewer is less likely to tip over or
bump into obstacles. Cabling must be managed through, e.g. with the help of an
operator.

3.3.2 The Pilot Study - Field Tests of AUs

A pilot study was first conducted to evaluate whether the general public (non-
VR experts) can effectively use 360-degree videos as a novel technology in their
routine work and apply AUs into the production workflowwithout intensive learn-
ing. Four SMEs (a volcanologist, a botanist, a glaciologist and a polar photographer)
were invited to use 360-degree cameras to capture their scientific field works and
implement AUs during the captures. The experts were first trainedwith the knowl-
edge of how to use AUs and the scenarios suitable for each of the AUs. The SMEs
then composed their shooting plans according to the locations and intended con-
tentwithmy assistance. Aswith traditional filmmaking, storytellers need to be able
to convey their ideas about what they expect for a given shot or shot sequence. In
those field trips, AUs were used to create anchor points for the experts to formu-
late shooting plans. Multiple snapshots from the 360-degree videos produced by
the SMEs were extracted, then displayed in Figure 3.2. All AUs appeared in the
snapshots are highlighted to demonstrate how they served the purpose of bringing
effective storytelling to the 360-degree video.
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FIGURE 3.3: Swivel-chair VR: A viewer wearing a head-mounted dis-
play (HMD), watching a 360-degree video while sitting in a swivel
chair. When seated, he can turn his head and the chair to look around

comfortably.

After training, the glaciologist captured 360-degree videos when travelingwith
a group to Antarctica on a researchmission. Sample video snapshots in the top row
of Figure 3.2 show the camera was stationary among a group of people, mimicking
the viewer just being one of them. The expert used AU02 and AU03 when intro-
ducing the mountains at a far distance and the crevices under the snow nearby. It
helped the viewer locate and identify the ROIs that were beingmentioned and keep
up with the narrative. The volcanologist took a 360-degree camera on a solo field
trip to capture presentation materials for his geology class. He extensively used
all the AUs in his captures, as shown in the bottom row of Figure 3.2. In the first
two snapshots, the expert applied both AU02 and AU03 for the lava features on the
mountain far away and rocks nearby. The AUs worked as visual guides to aid the
viewers in shifting focus from the expert to the ROIs, and then back to the expert
himself. In the third snapshot, he used AU01 to deliver a speech, giving the viewers
the feeling that they were standing by the streamwith him and listening to the talk
simultaneously.

The SMEs were also interviewed afterwards about their impressions of the use
of 360-degree videos and the AUs. They indicated that AUs were easy to imple-
ment and required no extra burden of technical skills. The students from the SMEs’
classes were also invited to watch those virtual field trip videos with the Swivel-
chair VR setup. They anecdotally commented that they had strong feelings of pres-
ence and better memory of the narrative presented, compared to traditional 2D
videos. The pilot study demonstrated the usefulness and practicality of using AUs
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in actual productions, from the perspective of SMEs as content creators, as well as
their positive effects on attention guidance and reducing the FOMO issue.

3.3.3 Experimental Design

Based on thefindings from thepilot study, further explorationswere conducted
to see if AUs could be as effective as the commonly used post-processing methods
or even outperform them, from the perspective of viewer experience.

Awithin-subjects experimentwas conducted to compare theAUs’ performance
with two other attention-guidance techniques, “Pointing Arrow” (PA) and “Angular
Shift” (AS), as well as the baselinewithout any guidance (BK) [114, 55]. Based on the
series of 360-degree videos of a campus tour as our experiment environment, dif-
ferent guidance styleswere implemented on the videos as the independent variable
(type of attention guidance) with three levels (AU, PA, AS). Each participant expe-
rienced all types of guidance. In the study, the effects of different levels on viewer
behaviors (as the time taken to locate a ROI and the time of attention on that ROI),
recall rate, and subjective feelings (as levels of engagement and enjoyment) were
both measured. The AUs’ performance compared to PA and AS was explored. The
explorationwas conducted on four aspects: 1) increasing levels of engagement and
enjoyment, 2) affecting the recall rates, 3) reducing the search time and increase
the attention time on an ROI, and 4) reducing cybersickness, when applied to 360-
degree videos.

3.3.4 Hypotheses

Four hypotheses were proposed based on comparing AUs with guidance tech-
niques used by other researchers in their experiments. In the study by Nielsen et
al. [99], they pointed out that the synthesized non-diegetic cue reduced the viewer’s
perception of presence, as AUs were embedded within the content during the pro-
duction stage. Since the AUs were performed by the storytellers themselves, it was
considered diegetic, thus would impede less on the viewer’s feeling of presence,
thereby increasing the level of engagement and enjoyment. Regarding the recall
rates, Li et al. [77] observed that the use of VR in learning cannot positively con-
tribute to the learning effectiveness measured through a memory test when the
students experienced a higher level of enjoyment compared to the use of conven-
tional learning materials. Thus, the following two hypotheses were proposed:
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• H1: A viewerwill feelmore engagement and enjoymentwhenwatching a 360-
degree video shot using AU, compared to PA and AS.

• H2: Compared to BK, a viewer’s recall rate will be lower when AU, PA or AS is
used in the video.

When testing various guidance techniques with 360-degree videos, both Spe-
icher et al. [143] and Lin et al. [80] state that methods like the AS will introduce
cybersickness and disorientation. They further point out that the accuracy of lo-
cating an expected item in the scene was higher when using a human actor as a
guidance cue than when using an added object such as AS. Those indicated that AS
would deteriorate the viewer’s performance on searching and locating as it will in-
troduce cybersickness. Also, the PA is an add-on cue, while AU uses human actors.
Thus, another two hypotheses were also proposed:

• H3: AU will reduce the Time-to-Search for ROIs and will extend the time a
viewer focuses on ROIs, compared to PA and AS.

• H4: AU will reduce a viewer’s level of cybersickness when watching a 360-
degree video, compared to PA and AS.

3.3.5 Measures

In this study, the levels of engagement and enjoyment were measured by the
Questionnaire of Engagement Enjoyment and Immersion (E2IQ) [78]. The E2IQ
was divided into two parts, E1 and E2, where E1 measured the level of engage-
ment and E2 measured the level of enjoyment. The participants chose from a se-
ries of 5-point Likert scale options. The choices were summarized and converted
into two numeric values, both between -1 and 1 (-1 = not engaging/enjoyable at all,
1 = very engaging/enjoyable). The memory effects were evaluated by recall tasks
that asked participants to identify objects which were both visible and mentioned
by the tour guide (but not described in detail) in the videos. The ease of search
from the viewers was measured with Time-to-Search (TTS). TTS was counted from
the point when the tour guide explicitly mentioned the ROI, to the point when the
viewer located the ROI. The latter event was triggered when the gaze crossed the
29.2 degrees threshold (half of the single eye FOV of the HMD), which is regarded to
be the peripheral limit [148], from the outside of her FOV. The level of attentionwas
measured with the Time-on-Target (TOT) counted from when a participant located
the ROI (ROI crossed the 29.2 degrees threshold) until it left her FOV (moved out
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of view). Both TTS and TOT were recorded in real-time by a script running in the
background. The levels of cybersickness were measured by the Simulator Sickness
Questionnaire (SSQ) [68].

3.3.6 Apparatus

In this study, the video playback and attention guidance techniques were all
implemented in Unity3D 2018.3.11f1. A computer running 64-bit Windows 10 Pro-
fessional with a 3.2GHz i7 processor and a GeForce RTX 2080 graphics card was
used to implement the cues, record viewer behavior data, and ensure the smooth
playback of the 5.7k videos. During the experiment, participants viewed the 360-
degree videoswearing anOculusRift S1HMDwithout using its controllers, as shown
in Figure 3.3.

3.3.7 Material

Before the experiment, eight 360-degree video clips of a campus tourwere cap-
tured with an Insta360 ONE X 360-degree camera2, at a resolution of 5.7k (5760 x
2880). The recordings were captured at four pre-selected locations (1 and 3 were
outdoors, 2 and 4 were indoors). An actor played a tour guide. She introduced the
places and described ROIs around, e.g., buildings, decorations and other unique
objects. The ROIs in each clip were non-identical and none of them appeared more
than once. Two takes were captured at each location. The actor used AUs with
the narration in the first take (called “AU clips”), and she repeated the narration
with neither head movements nor gestures in the second take (called “Blanks”).
The Blanks were used as the Baseline (BK), and also augmented with PA and AS
in a post-processing step. The camera was mounted on a tripod, thus, the view-
point was fixed in each video clip. The actor’s distance to the camera was kept
the same (2m) at each location so the viewer would feel a similar space between
themselves and the tour guide whenwatching. The eight clips were then processed
using Adobe Premiere Pro to adjust the volume levels and narration pace to mini-
mize differences between the recordings. All the videos were trimmed to a length
of approximately 90 seconds. After this adjustment, the AU clips were ready for the
experiment since they already had the cues embedded in the content.

1https://www.oculus.com/rift-s
2https://www.insta360.com/product/insta360-onex
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PAwas implemented into the Blanks inUnity3Dby adding an arrowfixed to the
viewer’s FOV. The arrow stayed in front of the viewer’s FOV and constantly rotated
to point itself towards the ROI being described by the tour guide at the moment, as
shown in Figure 3.5b, d and f.

AS was also added to Blanks using Unity3D. The details of the AS mechanism
are presented in Figure 3.4. Using the method from Tanaka et al. [148], the scenes
were automatically rotated to shift the ROI to the front of the viewer when her
head orientation was beyond a certain angular threshold from the ROI. In this ex-
periment, the thresholdwas adjusted to 50 degrees (instead of 40 degrees in Tanaka
et al.), which is half of the FOV of the HMD used in the experiment. Therefore the
shift occurred when the ROI was outside of this threshold, and stopped once the
ROI became visible to the viewer. The rotation speed was set to 15 degrees/s, the
same as in Tanaka et al.

FIGURE 3.4: An example of the AS method, illustrated in a top-down
view of the viewer wearing an HMD and the scene around her. The
head orientation is marked as a dashed line, and the FOV is high-
lighted in blue. a) The viewer is looking towards the front of the scene.
Now the ROI is located to her left, out of her FOV and outside the 50-
degree threshold. As AS is taking place, it shifts the ROI towards the
front of the viewer; b) The AS has reached the threshold, and AS stops.
The ROI is now within the FOV, most likely triggering the viewer to
turn her head towards it; c) When the ROI is within the FOV, although
the viewer rotates her head, ASwill not be re-activated unless the ROI

again falls outside of the threshold.

3.3.8 Participants

Twenty four participants (14 females) were recruited from the university. All
were between 18 and 39 years old (M = 25.37, SD = 4.641). Six of them had never
used VR headsets, and eighteen of them reported they had experienced VR , but
were limited to only a few times a year. Among those with limited experience,
eleven had watched 360-degree videos (reported as “seldom, only a few times”).
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None of the participants had extensive use of VR headsets, nor any previous expe-
rience of 360-degree video production.

3.3.9 Procedures

In this study, four conditions (AU, PA, AS, and BK) were compared by applying
them to the captured 360-degree videos and having the participants watch them
with VR headsets. The experiment was approved by the Human Research Ethics
Committee of the University of Canterbury.

Before the session started, each participant was presented with two examples
of the recall tasks and received detailed instructions on how to perform those tasks.
A debrief about how to use the Oculus Rift S VR headset was also given to each par-
ticipant. Then they sat in a swivel chair, put on the HMD, and watched an intro-
ductory video to get familiar with the technology and this form of medium, and to
reduce the effects of novelty and anxiety before starting towatch the actual content.
The video had neither a tour guide nor any attention guidance technique attached.

After the introductory video, each participant watched four content video clips
of the “campus tour.” To keep the story’s integrity, every participant watched con-
tent video clips 1 to 4 in the same order, but with four conditions (AU, PA, AS, and
BK) randomly assigned and counterbalanced with a Latin Square. At the end of
each clip, the participants were asked to remove the headset, and immediately
move on to complete a viewing experience questionnaire to measure cybersick-
ness, engagement, and enjoyment, followedby the recall taskswhile the experience
andmemorywere still fresh. Then theywere given a oneminute break beforemov-
ing on to the next clip. Each participant watched five videos (1+4), answered four
questionnaires, and completed four batches of recall tasks. After all video sessions,
a short post-test interview was conducted to ask about the participants’ general
feelings, feedback, the preference of the guidance techniques, and the reasons for
these. The entire session took approximately 40 minutes for each participant.

3.4 Results

The data from the participants’ reported questionnaires and the logged time
values from the Unity Engine were both analyzed using one-way ANOVA tests (α <

0.05). Table 4.1 shows the mean values of SSQ scores, E2IQ scores for Engagement
(E1) and Enjoyment (E2), and the recall rates, TTS, and TOT, for each condition. The



58 Chapter 3. Producing CVR Content with Attention Guidance

FIGURE 3.5: Snapshots from the campus tour video with attention
guidance methods applied. The AUs used (highlighted in yellow
boxes) were a) pointing only, c) pointing then looking back, and e)
looking and pointing at the same time. “Pointing Arrow” (red arrows
pointing to the targets) is shown in b), d) and f), with the scenesmatch-

ing to a), c), and e), respectively.

most outstanding values of each measure (if present) are highlighted in the table.
The overall results are also summarized and plotted in Figure 3.6.

TABLE 3.1: The mean values of the results of Engagement, Enjoyment,
Recall rate, TTS, TOT, and Cybersickness for each condition.

Measure BK AU PA AS
Engagement 0.32 0.41 0.32 0.16
Enjoyment 0.13 0.23 0.17 -0.04
Recall Rate (%) 88.25 74.33 77.32 73.96
TTS (s) 4.39 2.74 3.38 8.30
TOT (s) 4.44 4.12 6.52 2.28
Cybersickness 26.33 22.51 15.38 80.77

3.4.1 Engagement and Enjoyment

The levels of engagement were higher in the videos with AU or PA (AU: M =

0.41, SD = 0.222, PA:M = 0.32, SD = 0.260), compared to BK (M = 0.32, SD = 0.190).
For videos with AS, the level was lower (M = 0.16, SD = 0.455). The ANOVA test
indicated significant differences among the conditions (F = 2.871; p = 0.041). A
Tukey’s HSD Post-hoc test indicated that AU performed significantly better than AS
on level of engagement (p = 0.025). But no other statistical differences were found
betweenAUandPA, PAandAS, orAUandBK. The results indicated that participants
felt higher engagementwith the narrative of the videoswith AU, compared to those
with AS.

Participants also reportedhigher levels of enjoymentwhenwatching the videos
with AU and PA (AU: M = 0.2283, SD = 0.35, PA: M = 0.174, SD = 0.38), compared
to BK (M = 0.12, SD = 0.39). Nevertheless, participants reported lower levels of en-
joyment with AS (M = −0.039, SD = 0.53). However, the ANOVA test did not reveal
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FIGURE 3.6: Boxplots summarizing the results of levels of Engagement
and Enjoyment, Recall Rates, viewer performance of search (TTS) and
attention (TOT), and the level of discomfort of each condition (SSQ), in
terms of medians, interquartile ranges, minimum and maximum rat-
ings. Top row, from left to right: Engagement, Enjoyment, and Recall

rate. Bottom row: TTS, TOT, and SSQ.

any statistically significant differences in the level of enjoyment among the four
conditions.

3.4.2 Memory

The recall rates were all lower than the BK (M = 0.8825, SD = 0.24), when an
attention guidance was applied, whether it was AU (M = 0.74, SD = 0.380), PA (M =

0.77, SD = 0.308), or AS (M = 0.74, SD = 0.354). However, there was no significant
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difference among the recall task performance of the four conditions (F = 0.968; p =

0.411). A Post-hoc comparison was also conducted using the Tukey’s HSD test. The
results also indicated there were no significant difference pairwise in AU and BK
(p = 0.455), AU and PA (p = 0.996), or AU and AS (p = 0.999).

3.4.3 Search and Attention

TTS results indicated that participants took less time tofind the targets (a viewer
turns her head to search for the ROI when mentioned by the storyteller) with AU
and PA (AU: M = 2.74, SD = 1.260, PA: M = 3.38, SD = 1.115), compared to BK
(M = 4.38, SD = 1.540). However, with AS, participants took longer to locate the
targets (M = 8.30, SD = 5.310). An ANOVA test (F = 17.992, p < 0.001) also indicated
significant differences among the conditions. A post-hoc test found participants
performed significantly faster when searching for the targets with AU and PA com-
pared to AS (p < 0.001 for both AU-AS, and PA-AS). Nevertheless, no significant
difference was discovered between AU and PA.

TOT results showed that participants stayed on the ROI longerwith PA (PA:M =

6.515, SD = 3.18, BK:M = 4.43, SD = 1.77). However, both AU and AS shortened the
average time participants stayed on a given ROI (AU: M = 4.117, SD = 1.268, AS:
M = 2.277, SD = 1.00), compared to BK. ANOVA also indicated there were signif-
icant differences among the conditions (F = 17.754, p < 0.001). The Post-hoc test
also indicated PA performed significantly better than the other three conditions
(PA-BK: p = 0.013, PA-AU: p < 0.001, PA-AS: p < 0.001). Also, there were significant
differences between AU and AS (p = 0.013), with participants spending significantly
longer on target with AU.

3.4.4 Discomfort

The levels of cybersickness of those videos with AU or PA were reduced (AU:
M = 22.5129, SD = 22.11, PA: M = 15.3808, SD = 18.403) compared to BK (M =

26.3325, SD = 27.533), according to the experimental results. For the AS videos, the
cybersickness level increased (M = 80.773, SD = 74.013). The ANOVA test showed
significant differences in their performance (F = 12.344, p < 0.001). The Post-hoc
test indicatedASwas out-performed significantly by the other three conditions (BK-
AS: p < 0.001, AU-AS: p < 0.001, PA-AS: p < 0.001). However, significant differences
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between the AU, PA, and BK, were not detected. The results indicate that partici-
pants felt less discomfort when watching the videos with AU or PA, compared to
those with AS.

3.4.5 User Preference

In post-test interviews, each participant was asked Q1: Which attention guid-
ance method did they think was the easiest to use?, Q2: Which method was the
most uncomfortable?, and Q3: Which in general did they prefer? The totals of each
participant choice are shown in Figure 3.7. The results show that 13 out of 24 par-
ticipants felt AU was the easiest for searching for the ROIs, another 11 chose PA
and none chose AS. As for the most uncomfortable method, 21 participants chose
AS. When asked about their general preference of the methods, 13 chose AU, 11
chose PA, and none chose AS. It was also noticed that the choice for most straight-
forward to use was always identical to the choice for general preference. When
asked for reasons, several participants who preferred AU stated they felt high lev-
els of presence and less distraction from the narration. Their impressions of the
AU were mainly on its being a diegetic feature and easy-to-understand, such as
“[The AU was] not an artificial add-on but performed natively by the person in
the scene”(P15) and “I can easily understand what he [the host] means and what I
should do when I saw him doing a pointing gesture”(P19). Those who preferred PA
stated they liked how the arrow stood out from the video andwas immediately rec-
ognizable. However, several also pointed out that the arrow felt strange because it
was not part of the scene but was an add-on.

3.5 Interpreting the Data

In the following sections, the results of the experiments will be discussed to-
gether to highlight the main findings.

3.5.1 Implications of Engagement, Enjoyment, and Discomfort

The study results showed that both AU and PA increased engagement and en-
joyment compared to the baseline (BK). They also both reduced the level of cyber-
sickness. These results support hypothesis H1, that the viewer did feel more en-
gagement and enjoyment when watching a 360-degree video shot using AU, com-
pared to PA and AS. Since AU did reduce the level of cybersickness compared to
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FIGURE 3.7: Bar charts showing the total count of participants on each
of the preference choices. Left: Whichmethod was the easiest to use?
Middle: Which method was the most uncomfortable? Right: Which

did you prefer?

AS, but not PA, hypothesis H4, which assumed AU will reduce cybersickness when
compared to both PA and AS, is only partially supported. For AU, the storyteller im-
plemented them during the production phase, using social cues similar to those in
daily conversations. Thus, the cues are naturally embedded in the narrative itself.
“Looking” (AU02) and “Pointing” (AU03) also introduced eye contact between the
storyteller and the viewer, acknowledging the social existence of the viewer. View-
ers felt like the storyteller was addressing them face-to-face, and thus felt more
engaged in the narrative. They were also less aware that they were wearing a VR
headset and looking at simulated images.

3.5.2 Implication of Memory Effects

The study results indicated that the recall rates of the three conditions with
cues showed no significant difference from the baseline. The hypothesisH2, which
predicted that attention guidancewould lower the recall rates since acting partially
as a distraction in the recall task, was not supported. Nevertheless, distraction
was reported by some participants, per their feedback after the exposure to the
materials. In the experiment, the participants were informed about the content-
related recall tasks and practiced on sample questions before starting to watch the
videos, so they were expected to pay attention to the narrative, actively searching
for the ROIs mentioned, and remembering their details. Since the details were not
included in the narrative by the storyteller, the introduction of cues was believed
to have distracted some of the participants from carefully inspecting the ROIs vi-
sually. The guiding cues, paired with the acting from the storyteller, both dragged
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the viewer’s attention more towards the narrative. Although the results were not
significant andwe cannot conclude that guiding cues reduce recall rates, we do rec-
ommend that creators take into account a cue’s impact on memory effects if they
want their audience to retain key information from the material.

3.5.3 Implications of Viewer Behavior

The TTS and TOT were measured to indicate viewer behavior (search and at-
tention, respectively) while watching the videos. Results showed that participants
took less time to find the ROIs in the AU and PA conditions compared to BK, and
took longer finding the ROIs when AS was used. We can draw a conclusion that
the visible cues, such as the AU “Pointing” and the arrow of PA, helped the viewer
to locate ROIs faster. This result supports hypothesis H3, that AU will reduce TTS
when applied as an attention guidance technique. The ASwas also believed to have
elongated TTS becausewhen the ASwas applied, the video content was still a blank
scene with no visible cue. The scene rotation during the narrative confused view-
ers, and they thus took more time to understand what was happening before re-
suming the search task. In the post-test interviews, several participants stated that
they thought the AS was a software error and had difficulty understanding what to
do before they realized it was part of the system design.

The results of TOT showed a different trend than TTS. Viewers stayed signifi-
cantly longer on the ROIs after the storyteller mentioned them, when PA was ap-
plied as the attention guidance. A conclusion was drawn that since the arrow was
constantly visible in the viewer’s viewport, it became such an explicit cue that the
viewer subconsciously followed it and drifted away from the ROIs much less fre-
quently. In contrast, the AU was only visible when the viewer was looking at the
storyteller. This result does not support hypothesis H3, indicating the need for a
further look into the effects of cue exposure time. TOT results also showed that
participants dwelt less when AS was applied than in other conditions. One appar-
ent reason is that since AS introduced a higher level of cybersickness, participants
were less able to stay focused on the ROIs. In the post-test interviews, several partic-
ipants also mentioned trying to “fight the system” and subjectively looked away to
resist. They felt the system was forcing them to look at something and taking away
their free agency to look around, so they looked at the ROIs for only a relatively
short period.
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3.6 Design Reference for Content Creators

During the material preparation and running of the experiments, we learned
how the AUs’ properties differed from other attention guidancemethods. AUswere
applied directly during the capture of content, without the requirement of any post-
processing work. Storytellers could compose AUs into their scripts as a part of the
content, then naturally perform them when delivering the narrative. AUs have
considerable potential and this is a suitable method for creators who need to share
and publish their work soon after it is captured, such as documentary videos for
science-outreach purposes. In other storytelling scenarios other than using 360-
degree videos, AUs are still applicable. AUs can be applied to the actors, humanoid
avatars and virtual characters in computer-synthesized 3D scenes, and other im-
mersive environments. They will remain effective as long as there are social com-
munications in the narrative. The usage of AUs in the production stage is expected
to help presenters ensure the players follow the storyline and have a higher level
of presence in the immersive scene.

However, a trade-off between the AUs’ effects on attention (i.e., the recall rate
and TOT) and the effects on the levels of both engagement and enjoyment is also
noteworthy. As seen in previous analyses, AUs increased the participants’ levels of
engagement and enjoyment, and directed them faster to the ROIs when applied to
videos. However, they also distracted them from paying attention to details of the
ROIs. The participants recalled the details less than expected. This was also rein-
forced by the feedback from participants during the post-test interview, as some
preferred AUs for their diegetic characteristics and others preferred PA for its out-
standing contrast and substantial implications. This could be a vital design refer-
ence for content creators, as one needs tomake decisions by considering the effects
of AUs, the desired content, and the expected response and results from viewers.
AUs can be useful for scenarios like scientific presentations or other face-to-face
conversations where a natural social atmosphere is essential. But in other scenar-
ios, such as training and educational applications, where the recall rate and trans-
fer of knowledge are more emphasized and other aspects such as comfort and en-
joyment are less dominant, using AUs as the only attention guidance may not be
sufficient, and adding extra cues will be recommended. In sum, AUs (based on
human acting) can be effective for attention guidance in CVR, based on our study
results and the analysis. They also help reduce the risk of breaking presence and
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mitigating sickness because of their diegetic characteristics. Hence, RQ1 from Sec-
tion 1.2, whether the social cues from human characters (actor, storyteller, etc.) in
a CVR scene can be used as attention guiding techniques to solve NP and FOMO
issues in CVR, is answered.

3.7 Conclusion

In this research, Action Units (AUs) were proposed as a set of directorial cues,
aimed at solving the fundamental challenge CVR content creators are facing, the
narrative paradox. The results from both the pilot study and the formal user study
indicated that AUs could effectively guide the viewer’s attention when applied,
while maintaining the advantage of being diegetic and easy to use. Creators can
adopt the AUs onsite to direct viewer attention in an immersive storytelling expe-
rience. In the following study, I will discuss another challenge CVR creators face
in production: the viewer’s intention to interact, and expectation of agency since
they are now immersed in the story world.
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Chapter 4

Viewer Participation and
Interaction in CVR

4.1 Introduction

In Chapter 3, previous research was introduced [153, 19, 81, 82] aimed at solv-
ing narrative paradox (NP) in CVR. Their focus was on how, over time, CVR creators
noticed a change of how they thought of the viewer’s perspective from cinema to
CVR. They then used various attention-guidance cues to support the viewer’s nar-
rative engagement. Action Units (AUs) were also presented as a diegetic guidance
cue for easy application during the production stage. These solutions, however,
have mainly focused on the creator’s role, as opposed to viewer agency. Viewer’s
interaction, and viewer intention to participate in the narrative progression, was
not addressed. Since the viewer is now seen as also being a part of the story world,
creators must also consider viewer interaction when they design their CVR experi-
ences. One of the essential design decisions for creators, as stated in detail in Sec-
tion 2.3, is to define a proper level of interaction (including the complexity of input,
and the depth of consequence of viewer input). A Continuum of Interactivity (Fig-
ure 2.9) was proposed to gauge and locate a balanced point where CVRwith viewer
interaction needs to sit among other types of interactive experience, if creators ac-
knowledge they will move on from the simple passive-watching type of 360-degree
videos.

In a summary, interactive CVR storytelling has inherited from immersive sto-
rytelling, thus still fits the preferred user scenario for CVR as well as “Swivel-chair
VR”. CVR viewers, although given the capability to interact with the system, are still
inclined to enjoy the narrative with a “lean in” mindset (the viewer feels attracted
to the narrative and temporary forgets the physical world around him/her, such as
whenwatching a high-pace thrilling actionmovie) instead of “lean forward” (as the
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viewer feels actively involved in the narrative and subjectively intends to control
how the narrative will progress, such as in a role-playing video game) [158]. Those
factors position CVR experiences near “limited” or “medium” on the Continuum of
Interactivity. What is more important than simply choosing an interaction level,
is that creators should give interaction a “contextual meaning.” This means they
need to consider the tasks a viewer wants to carry out by interacting, the impact on
the narrative each of those tasks will have, and the input method the viewer will
use to perform those tasks.

4.2 Two Interaction Elements - Control and Visibility

Involving viewers in the control of narrative progression is a popular topic in
interactive storytelling research [157]. On the one hand, moving from traditional
screen-based media to immersive media, a shift in the viewer’s perspective natu-
rally calls for giving the viewer the freedom of choice and the agency of impact-
ing narrative progression [154]. On the other hand, researchers have also discov-
ered that for cultural- or education-related content, a clear structure helps in audi-
ence understanding and retention [83]. Researchers who focus on games have also
found that, in particular, explicit narrative progression designed by the creators
has a positive effect on declarative knowledge acquisition [56].

Viewer awareness of interaction also impacts the viewer experience of story-
telling [122]. If the viewer is regarded as a character in the story scene in immersive
storytelling, they expect a certain level of interaction to be involved in narrative
progression [154]. A system that is responsive to viewer input will also increase
viewer involvement and immersion [126, 133].

Concern has also been raised by some researchers, pointing toward the con-
sequences of choices. Rezk et al. [122] cautioned that if viewers are given explicit
choices during storytelling, they are likely to hesitatewhen facedwith toomany op-
tions. They pointed out that the viewer will evaluate every potential consequence
of each option, therefore be unable to make confident choices, thus shattering the
feeling of “being there” in the story world. Realizing this, some creators turned to
a new design style known as “implicit control,” where the viewer still participates
in the progression of the narrative, but is not explicitly aware of making choices.
To achieve this, one group implemented a system that monitored viewer behavior
during virtual museum tours at predefined spots, and responded to this behavior
bymaking unannounced narrative choices over branches [60]. Another researcher
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recorded the player’s actions in a game, used the data to determine his/her overall
contextual intention, and then presented a matching ending from several paral-
lels [147]. Thus, the focus of the study described in this chapter is narrowed to a
two-element combination, control of narrative progression (creator vs. viewer),
and the visibility of interaction affordances (implicit vs. explicit interaction).

4.3 The Experiment

The main focus of this study is how viewer interaction can be enabled in inter-
active CVR, such as those that use 360-degree videos. However, there are various
methods for different user scenarios, defined by factors including the content, the
emotions that the creator wants to invoke in the viewers, and the type of interac-
tion viewers will use [154]. Due to resource limitations, the first constraint on this
study is the applicable content, and we limit the content to those that:

1. are cultural heritage oriented;

2. use a guided-tour style, meaning there will always be an embodied host in
the scene, visible to the viewers, whether it is an actual human or synthetic
character; and

3. use content that is prerecorded.

The structure of the employed story has a pattern of hub-and-spoke, i.e., the
viewer starts from a central location (the hub) and all alternatives (the spokes) start
from here. Since the prerecorded content of the story will not change, and essen-
tially every participant will watch the same content, a between-subjects experi-
ment was conducted to compare the viewer experiences between design variants.
The content was an in-house guided tour through a series of 360-degree videos,
with more details about the production process presented in Section 4.3.3.

In the experiment, four conditions were set up for the interactive and immer-
sive storytelling experience:

1. Creator control (CC);

2. Creator control, with randomly rearranged segments (CR);

3. Viewer control, with implicit input (VI); and

4. Viewer control, with explicit input (VE).
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The structure of the content remained unchanged between conditions andwill
be illustrated in detail in Section 4.3.3. However, the control models and viewer
interaction methods varied. The exact choices of parameters, including the con-
trol of temporal sequence and the type of involvement, are listed in Section 4.3.4.
The CR condition was included to observe if the viewer’s experience of this spe-
cific story would change when the order of the segments was different from what
the creator initially intended. Each condition’s effect on viewers was measured,
including the level of engagement with the content, enjoyment from the experi-
ence, and the general user experience. A series of content-related questions were
also designed, directly asking about one of the elements from the scene and conclu-
sions derived from what the host introduced, combined with information visible
in the scene. Those content-related questions were used to assess how the condi-
tions affect the viewer’smemory performance and the system’s performance in the
transfer of knowledge.

4.3.1 Research Questions and Hypotheses

In this study, the research questions were:

• RQ1: For thehub-and-spoke structure, which type of control patternwill bring
a higher level of engagement and enjoyment: creator control or viewer con-
trol?

• RQ2: When viewers have control over the order of the segments in a hub-and-
spoke structure, which onewill yield a better usability experience: implicit or
explicit control?

• RQ3: Between implicit and explicit control, which one will lead to a better
memorization of the content?

Hypotheses were formulated corresponding to the research questions based on
previous research on the viewer’s role and behavior in narrative CVRs. Firstly,
the viewer-controlled modes (VI & VE) were expected to bring higher levels of en-
gagement and enjoyment. As in an immersive environment, agency increased the
level of presence and brought a deeper feeling of being directly involved in the
story scene, as well as a stronger feeling of fun [47]. As has already been verified
by previous research, the viewer’s role in immersive media differs from that in a
regular movie. The viewer felt they were a character in the scene and formed the
expectation that they had some influence over how the guided tour will progress
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[126, 133]. Secondly, as mentioned in the previous section, explicit choices for the
viewer made them think about the potential consequence of each choice, thus pos-
sibly breaking immersion and deteriorating the general experience [122]. The im-
plicit control method (VI) was also assumed to have less negative impact on the
viewer’s general experience of the system, because explicitly making selections
adds extra workload during the experience. Thinking over the choices will also
distract viewers from focusing on the narrative from the host. Thirdly, the condi-
tion VI was expected to also lead to a better result in the viewer’s memory test of
the content, because in the viewer’s perception, they were passively watching and
more focused on the content. In summary, the following hypotheses were formu-
lated:

• H1: Compared to creator control, viewer control will lead to higher levels of
engagement and enjoyment with the experience;

• H2: Compared to the explicit control-based method, implicit ones will lead to
a more positive viewer experience;

• H3: Implicit control will lead to better performance on memory tests.

4.3.2 Apparatus

The interactive system was implemented on a computer running 64-bit Win-
dows 10 Professional with a 3.2GHz i7 processor and a GeForce RTX 2080 graphics
card. The computer also recorded viewer behavior data and ensured the smooth
playback of the 5.7k videos. During the experiment, participants viewed the 360-
degree videoswearing anOculus Quest 1HMDwith orwithout using its controllers,
depending on the conditions, as shown in Figures 4.1A and B.

4.3.3 Materials

The study was approved by the Human Research Ethics Committee of the Uni-
versity of Canterbury. For this experiment, a series of 360-degree videos were
captured in a laboratory room, then assembled into a virtual guided tour. In the
lab space, several large experiment installations were placed against each wall, as
shown in the top-down view of the space in Figure 4.2. In the real world, to a new-
comer to this space, a host would first introduce the purpose and daily activity in
that room, then move on to each installation. The real world visit was duplicated
into this study by capturing 360-degree videos of it, as the spatial layout of the space



4.3. The Experiment 71

FIGURE 4.1: Two types of participant setups. (A) For conditions CC, CR,
and VI, the participant does not use a controller but wears a headset
and sits on a swivel chair, and has the freedom to look around in the
scene. (B) For condition VE, the participant also holds a VR controller

in the right hand and uses it to make explicit choices.

and the installationsmatched the hub-and-spoke story structure. It is also notewor-
thy that in this space, the viewer could see all the spokes, as they were all “open”
and “equivalent,” imposing no hierarchical relationship between them.

The 360-degree video clips were then captured when the host was introducing
the installations at each designated spot, using an Insta360 ONE R 360-degree cam-
era at a resolution of 5.7k (5760 x 2880). The camera was mounted at eye height
on a tripod so the viewpoint was fixed in each segment. The positions of the cam-
era and storyteller (host) for each segment were carefully chosen so they are not
blocking views, as shown in Figure 4.2. The distance from the host to the camera
was kept the same (2m) at each location. Thus, the viewer would always feel as
having a similar space between themselves and the host when watching. A wire-
less mic was also used and directly plugged into the camera, so the audio quality
was maintained at the same satisfactory level no matter the distance between the
camera and the host.

Following the script, the “Introduction” clipwas capturedfirst at the hubwhere
the host gave an overview of the lab room and introduced all the installations cov-
ered in the tour. Then, at each spoke, the host talked about the experiment installa-
tion, including its features, applications, and research projects running on it. The
narrative structures of each segment at the spokes were also scripted to be similar
in terms of running time. A total of five clips were captured, including one Intro-
duction clip at the hub, three major segments at each spoke, and one “Ending” clip,
which contained no key information, but only wrapped up the tour experience,
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FIGURE 4.2: The layout illustration with a top-down view of the lab
room in which the footage was captured. The camera was initially
placed in the middle of the room (the “hub”) when capturing the in-
troduction and ending clips, and placed near each installation when
major segments (the “spokes”) were captured. Each spoke is shown in
a different color, and the placement of the camera and the host when
capturing each spoke segment are also marked. At all times during

the tour, all spokes were visible to each other.

rather than having an abrupt cut at the end. The clips were then processed using
Adobe Premiere Pro to add fading to black transitions at the beginning and end of
each clip, and to adjust the volume levels and narration pace to minimize differ-
ences between the recordings.

4.3.4 Implementation of the Interactive System

In this study, the interactive storytelling system consisted of two components:
(1) a video player to present the 360-degree video clips to the participants via the
VR headset, and (2) amediator component to deliver the designated order from the
creator (stored in advance), or to respond to viewer interaction during playback.
Both components were implemented using Unity3D 2020.3.13f1. The implementa-
tion details of each condition are described below.

CC: in this condition, the five clips were loaded into the library of the system
following a specific order (the Introduction, threemain segments, then the Ending).
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The system played those 360-degree video clips one after another. There was no
viewer input in this condition.

CR: similar to CC, the systemplayed those 360-degree videoswithout viewer in-
put. The only difference was that the system randomly rearranged the three main
segments every time the experimenter initiated the experience for a new partici-
pant. The Introduction and the Ending were permanently fixed at the beginning
and the end.

VI: in this condition, the viewer’s headorientationwasmonitored and recorded
in real time by the moderator component as the participant was watching the 360-
degree videos. A series of invisible gates were set up in the scene, overlapping with
the area of subject-matter objects from the perspective of the viewer in the center of
the spherical scene, as shown in Figure 4.3. Thus, when the viewer looked at one of
the objects, her head orientation fell within the corresponding gate. Themoderator
then recorded and calculated how long the viewer had been dwelling on the object
shownbehind the gates. If the viewer dwelt on a gate longer than a threshold (set to
3 seconds in the system in this study), the moderator would decide that the viewer
might be interested in this object and pull the corresponding segment to the top of
the playlist as the next one to play after the current clip. The gate threshold could be
triggered multiple times along the playback experience until the currently-viewed
clip played 95% of the way through. The gates were positioned manually in each
segment scene to match the viewer’s head location in that scene. The moderator
executed the entire process in the background, and the viewers were not aware of
it at any moment.

VE: A hand-held laser-pointer method was implemented in this condition to
enable the viewer’s explicit interaction. It used a simple point-and-activate mecha-
nism [130] to help reduce the unnecessary learningworkload of the viewers. Based
on the gate design from VI, those invisible gates were replaced with visible cards,
as shown in the screenshot in Figure 4.4. Each card had text showing the segment
it represented, plus the time length of that video segment as an extra aid for the
viewer’s decision-making process. Viewers holding the controller could then point
at the cardswith the laser pointer and pull the trigger tomake a selection, as shown
in Figure 4.5B. A popup message would temporarily appear in the viewer’s field of
view (FOV) to confirm the choice. The cards were set to appear when the progress
of the current video clip reached 70%, so they were not always shown to cause
distractions, nor appearing too late and leaving the viewers with too little time to
make selections. Since the interactable cards were overlaid on top of topic-related
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FIGURE 4.3: A top-down view of the 360-degree spherical screen show-
ing the gates scattered around covering the ROI behind them, waiting
to detect the viewer’s head orientation vector (which is represented
as a thin yellow line in this screenshot) to collide with them, register-
ing gaze dwelling over the ROIs. The image is a top-down view, so the
gates are the green rectangles. Technically, in the 3D scene, they are
thin boards standing in front of the ROIs, and serve only as detection

mechanisms and are not visible to the viewers.

objects and were scattered around the scene, popup messages were programmed
to appear in the center of the viewer’s FOV as a reminder for when cards were
available for selection, reducing the FOMO. The default order from CC would be
used if the viewer did not make any choices before the video segment ended.

In all four conditions, a Helper heads-up display (HUD) was set up and con-
stantly visible at the lower-left corner of the viewer’s FOV, as shown in Figure 4.5.
This aided the viewer in being aware of the current segment’s progress and the
entire tour’s progress. Thus, the viewers would not get lost in the tour and expe-
rience difficulty recalling the content of a segment. Instead, they maintained an
awareness of the progress and pace.

4.3.5 Measures

When designing the experiment, two essential facts emerged during piloting.
First, in the VI condition, the viewer was unaware that the system was monitoring
her head orientation and making alternations to the playback progress. Second,
since a participant only experienced one of the four conditions across CC, CR and
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FIGURE 4.4: A screenshot from the Unity editor showing the cards dis-
tributed around the scene. They were interactable with the virtual
controller in the hand of the viewer. In this figure, all of the cards
are visible and pointed to by yellow arrows for illustration purposes
only; in the actual scene the yellow arrows were not visible. Also,
the cards would not show simultaneously as in this figure. They were
programmed to show at certain locations and times according to the

progress of the current segment.

FIGURE 4.5: Screenshots of what participants see in four conditions.
(A) For conditions CC, CR, and VI, the participants sat and watch the
360-degree videos. The Helper HUD was always visible in the scene
and fixed to the lower left corner of the view. It is highlightedwith the
yellow box. The yellow box was not visible in the experiment. (B) For
condition VE, the participant also saw a virtual controller with a red
laser pointer in her right hand. Therewere also interactive cardswith
texts visible in the scene at certain times (like in the screenshot). The
participant then used the virtual controller to point andmake explicit

choices.
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VI, participants were also unaware that some conditions might impact the narra-
tive progression while others would not. Taken together, the viewer’s subjective
experience across the conditions would not be equivalent unless they were told af-
terward which one they had experienced. Thus, assessing and comparisons of the
viewer experience by explicitly asking about their preferences was not a viable op-
tion in this study. Instead, their subjective feelings weremeasured by regarding all
conditions as generic immersive storytelling experiences. Design preference was
also derived by comparing the participants’ overall experience across the condi-
tions.

For subjective measures, each participant’s level of engagement with the con-
tent, enjoyment of the experience, and general usability experience were assessed.
The engagement was measured by the widely-applied User Engagement Survey
Short Form (UES-SF) [107]. The operational guidelines provided by Schmitz et al.
[134] was also used when applying this measurement. Enjoyment was measured
using the 12-item scale provided by Ip et al. [62]. They used this scale to measure
learner enjoyment afterwatching a series ofMassiveOpenOnline Courses (MOOCs)
in 360-degree videos, similar to our study setup. A simple three-part evaluation
form, provided by Shah et al. [137] in their study evaluating a 360-degree video
playback system, measured the general user experience towards the system. After
removing one non-relevant item, it was applied to see if the participants found the
system easy to use, both with the implicit interaction and the traditional point-and-
activate methods.

Content-related questions were used to assess participants’ memory perfor-
mance from each condition. Three multiple-choice questions required the partici-
pant to combine and extract several elements, either directly from the host’s speech
or visually from the scene, all around one specific topic (such asQ4-1: In this immer-
sive video, the guide described those things in the Vision Space: (choose all that you
think were in the video), 1 TactaCages; 2 SimPit; 3 Aviator Trainer; 4 Kinect Space; 5
Voxel Portal. ). Three single-choice questions then asked the participant to verify
some facts visible in the scene (such as Q4-6: In the Kinect Space, the person using
the system was holding VR controllers in his hand: 1 True; 2 False.). The seventh
question asked the participant to make a design choice for a “simulated situation”
based on the higher-level overview given by the host from the entire virtual tour.
These questions provided insight into howmuch the participant remembered from
the tour and understood the introductions. The questions did not require any rea-
soning or deduction, and so did not require any background knowledge.
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A plugin was also added to the system to automatically record the viewer’s
head orientation in real time and to generate a heat map of the viewer’s attention
and dwelling among the entire scene, accumulated for each segment. The heat
maps were then used to identify whether the viewer showed a relatively active
exploratory behavior or mostly passive, static watching.

4.3.6 Experiment Procedure

Four conditions (CC, CR, VI, and VE) were compared by applying them to the
samefive-segment virtual guided tour. Since the experiment had abetween-subject
configuration, and a one-way ANOVA for fixed effects was chosen for data analysis,
G*Power analysis was conducted to determine the target group size. Results indi-
cated that there was a 95.8% chance of correctly rejecting the null hypothesis of no
difference between the test groups and control group, with a total of 40 test sub-
jects. Later in the actual experiment, 44 participants were recruited (22 females,
21 males, and 1 who chose not to specify) from the university. All were between 19
and 39 years old (M = 26.68, SD = 4.978). They self-reported having different levels
of VR experience and 360-degree video experience. Among the 44 participants, 28
had never, or only a few times in the past year, tried a VR experience, 14 had used
VR at least once per month, and two reported using VR daily. A total of 35 out of 44
reported never having watched a 360-degree video before, and nine had watched
a few times in the past few months.

Before the session started, consent was obtained from each participant. They
were then introduced to the “virtual guided tour” and explained how they would
experience it with the HMD and the Swivel-Chair VR setup [153]. Then, a sample
image of the Helper HUD was given to the participant for him/her to understand
its purpose before the tour started. If the participant was assigned to the VE con-
dition, a brief introduction of how to use the controller and interact with the se-
lection cards was also added. The participant used only the right-hand controller
in this user study. When the session started, each participant went through five
360-degree video segments. The first and last segments were always fixed, while
the three in the middle varied by condition (CR) and each viewer’s interaction (VE)
or behavior (VI) during the experiment. When the tour ended, the participant was
asked to remove the HMD and move on to complete the questionnaires.

After the questionnaires, a semi-structured interviewwas conducted using the
following prompts:
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1. Please give a subjective description of the entire tour.

2. Please talk about the most impressive part of the tour.

3. Please talk about your preference between using a VR headset or a regular TV
for this type of content in the future.

4. Do you have any other comments or thoughts?

For VE, an extra question was added asking about their motivations for mak-
ing choices using the controller via the interactive cards. The entire session took
approximately 35 minutes for each participant.

4.4 Results

Thedata from the questionnaireswere analyzed byusing a one-wayANOVA for
fixed effects (α < 0.05), with Bonferroni post hoc and Tukey post hoc comparisons.
The mean values for levels of engagement (converted from the UES-SF items), lev-
els of enjoyment, general user experience scores towards the system, and themem-
ory performance scores from the content-related questions, for each condition, are
shown in Table 4.1. The overall results are summarized and plotted in Figure 4.6.
The calculations of levels of engagement, enjoyment, and general user experience
scores were conducted following the operational guidelines provided by the origi-
nal creators of the instruments. For the content-related questions, since therewere
both multiple-choice and single-choice questions, the scores were calculated using
the following rules: for a single-choice question, the participant scored one point
for the correct answer; otherwise, zero points. For a multiple-choice question, the
participant scored a full mark (five points) if s/he selected all and only the correct
items, losing 0.5 points for missing one of the correct items and a full point if a
wrong item was selected.

TABLE 4.1: Themean values of the results for Engagement, Enjoyment,
General User Experience and Memory Performance, for each condi-

tion.

Measure CC CR VI VE
Engagement 15.97 16.30 16.52 15.58
Enjoyment 10.79 11.59 11.80 11.89
General User Experience 11.52 12.39 12.95 12.32
Memory 17.27 16.23 17.14 16.41
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FIGURE 4.6: Boxplots summarizing the results of levels of engagement
for each condition (converted from the UES-SF items), levels of en-
joyment, general user experience scores towards the system, and the
memory performance scores from the content-related questions in
terms of medians, interquartile ranges, minimum and maximum rat-
ings. Top row, from left to right: Engagement, Enjoyment. Bottom

row: General User Experience and Memory Performance.

4.4.1 Level of Engagement with the Content

The levels of engagement with the content were higher on average from the
participants who experienced the VI condition (M = 16.52, SD = 0.516), compared
to the other three (CC: M = 15.97, SD = 0.327, CR: M = 16, 30, SD = 0.608, VE: M =
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15.58, SD = 0.777). However, the ANOVA test indicated no significant differences
among the conditions (F = 0.344, p = 0.794).

4.4.2 Enjoyment of the Experience

Participants who experienced the VE condition reported the highest levels of
enjoyment of the experience (VE: M = 11.89, SD = 1.684), which is slightly higher
than the levels from participants of the other three conditions (CC:M = 10.78, SD =

1.813, CR: M = 11.59, SD = 1.211, VI: M = 11.79, SD = 1.774). However, the ANOVA
test indicated no significant differences among the conditions (F = 0.973, p = 0.415).

4.4.3 General User Experience

The levels of user experience with the system indicate that participants who
experienced the VI condition showed more positive user experience with the sys-
tem (VI: M = 12.95, SD = 1.145), compared with the other three conditions (CC:
M = 11.52, SD = 1.207, CR: M = 12.38, SD = 1.514, VE: M = 12.31, SD = 1.260).
However, the ANOVA test indicated no significant differences among the conditions
(F = 2.269; p = 0.092).

4.4.4 Memory Performance

Looking at the memory performance scores from participants of the four con-
ditions, one can notice that those who experienced the CC condition scored higher
in the memory test (CC: M = 17.27, SD = 1.664), compared to the other three con-
ditions (CR: M = 16.22, SD = 2.029, VI: M = 17.13, SD = 1.818, VE: M = 16.41, SD =

2.791). However, the ANOVA test indicated no significant differences among the
conditions (F = 0.662; p = 0.580).

4.4.5 Behaviors of Attention and Focus

Each participant’s attention over the entire scene was also recorded by accu-
mulating the dwelling time over the 360-degree sphere as a canvas using a plugin
installed in Unity. The final results were generated as heat maps. A total of 176
maps were collected, grouped into four sections, corresponding to the four condi-
tions, shown in Figure 4.7. The area covered by the colored clouds are areas in the
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scene that had been looked by the viewer over the entire process. The color rep-
resents how long the viewer had dwelt over a certain spot. The cloud started from
blue, and turned to green, then red as the viewer stayed on the spot longer.

Comparing across the conditions, the heat maps from the VE group, showed
larger scanned areas recorded on the canvas than those of the other groups, indicat-
ing that participants who experienced the VE condition showed a higher tendency
toward exploration (actively looking around). Four examples were extracted from
each condition and grouped together to clearly show such difference. In Figure 4.8,
four heat maps were all taken from segment 3 but from different conditions. We
can clearly see the colored cloud spread more across the scene, compared to other
three conditions, indicating amore actively-exploring behavior from the viewer on
conditionVE. The dense red colored areas are also larger in conditionVE, indicating
the viewer was actually looking carefully at wider areas, instead of unconsciously
scanning them. Comparing the segments under the same condition, participants
showed more exploratory behavior in the first segment (Introduction) than in the
other three main segments where the host introduced details of each installation.
The participant behaviors are further discussed in Section 4.5.3 by looking deeply
into the heat maps and participant answers during the interviews.

4.4.6 Subjective Feedback from the Interviews

The interview resultswere transcribed andanalyzedusing a thematic approach.
Topics were identified and generalized into two high-level themes, with five sub-
level topics. Below the themes from the interviews alongside the interpretations
are presented. A further analysis and discussion by connecting the themes with
the conditions participants experienced are presented in Section 4.5.2.

Theme 1: Impressions of the Virtual Tour Experience

The first theme concerns the participants’ impressions of the virtual tour as a
general experience. The viewers mainly paid attention to the experience itself, the
content presented, or the system during the virtual tour. Generally speaking, being
immersive helped participant engagement with the experience.

Being Immersed in the Virtual Environment: Many participants showed an
emphasis on the general user experience itself and the novelty of the 360-degree
videos, instead of the content (or story) of the tour, such as: “It feels like a 360-degree
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FIGURE 4.7: A grid summarizing the generated heatmaps, grouping by
the conditions. The images are zoomed into the central part to clearly
show the gaze dwelling, from the original equirectangular projec-
tions. Each sector has 4 × 11 (or 44) heat maps collected from one
condition, four segments. In each row, four heat maps represent one
participant’s behaviors. Each column represents the data from all 11
participants from this condition, on this specific segment. In CR, VI,
andVE, although participantswatched segments 1, 2, and 3 in random
orders, the images here are arranged in CC order for easy comparison.
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FIGURE 4.8: Four enlarged examples of the heat maps. They were all
taken from segment 3 but from different conditions to show how the

viewer’s behavior differentiate from one condition to another.

experience, an immersive tour...I can look around”. The characteristic of being im-
mersive is also preferred by participants: “I feel like as if being transported to the
space and being there with the tour guide...I will prefer to use it.”

Feeling like a Real Guided Tour: Instead of regarding it as 360-degree videos,
other participants directly described it as a guided tour, emphasizing its content
by mentioning the name of the space or specific installations they virtually vis-
ited (whether using the correct name or their own words): “It was a guided tour of
the [name of the space] and I was introduced to three things, [names of the installa-
tions]...” I also noticed that participants recalled the host’s name and title: “It was
a guided tour given by [name]” All of their heat maps show their attention mainly
fell on the host. Participants also directly listed the names of the installations and
their applications as their impression of the tour: “It was a tour about three in-
stallations...”, indicating they were mainly attracted by the installations during the
tour.

Impressions of the Technology: Participants also talked about the VR system
itself. They pointed out the usability of the headset, comfort, and how it blocks the
peripheral view to help being immersed in the virtual scene. These are also related
to another theme discussed later, but a few also pointed out their expectation of
design improvement: “I do not want to use the VR headset frequently...not for long
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time use because it is uncomfortable...I was unable to walk around in it”.

Theme 2: As a Medium for Transfer of Knowledge

The previous theme explained how the participants saw the virtual tour and
their impressions. With this theme, the virtual tour’s performance on serving as
an immersive tool to assist in learning about the lab and the installation presented
in the materials, was inspected.

Actual Knowledge Gained: Participants did reply with the essential informa-
tion presented in the tour, such as “I felt like learning about the lab is very interest-
ing”, or one specific item from the tour that the participant personally felt inter-
ested in, such as “The [name of the installation] is quite impressive because I think
it is interesting/cool...”. Since the participants were providing actual information
gained from the virtual tour, instead of seeing it as a plain 360-degree video expe-
rience, the immersive experience did help the participants to learn about the lab
and the installations from the host’s presentation.

Immersion as an Advantage for Learning: Instead of specific information,
some participants put their impression mark on the system itself, including its in-
trinsic characteristic that the viewer is immersed in the virtual scene and has the
freedom to look around or choosewhat to watch next, reporting it as an advantage,
when compared with other forms of learning: “I felt I was in the lab all the time and
I did not get distracted by other things...Seeing myself actually standing in the lab is
better than seeing it through a screen or as a video.”

4.5 Interpreting the Data and User’s Feedback

The main findings and implications of the results of the experiment will be
discussed in this section. Insight into viewer behaviors from the interviews will
also be presented, together with observations of the participants while they were
watching the 360-degree videos, and the heatmaps across each segment of the tour.

4.5.1 Objective Measures

Since there were no significant differences detected between the objective re-
sults from the four conditions, the hypotheses (H1 &H2) were not supported; higher
levels of engagement and enjoyment were not found in those who experienced the



4.5. Interpreting the Data and User’s Feedback 85

conditions with viewer control (VI & VE). Data analysis detected no significant dif-
ferences among thememory performance scores from the four conditions, soH3 is
also not supported. These indicate that participants did not react to the four condi-
tions differently on the objective responses. Alternatively, they did not objectively
become aware or care about all four conditions applied to the virtual guided tour
experience. There are at least three possible reasons for this:

1. The participants were unaware of any alternative other than creator control,
and so assumed that was in play. Since they were not told about the differ-
ent mechanisms running in the background, nor did they know the original
arrangement of the segments, in their eyes, the experience was just a series
of 360-degree videos. Even for the VE condition, participants regarded con-
troller input as a separate task to perform (and several of them did not even
use it). At the same time, the virtual tour itself was still treated as a series of
360-degree videos I need to watch. This assumption is also supported by the
subjective observations in the next section.

2. Constraints were set on content in advance so they focused only on one type
of story structure, hub-and-spoke. Also, none of the experimenters involved in
this work was a professional filmmaker or scriptwriter, so narrative intensity
and creativity were limited. Participants are expected to have higher levels of
enjoyment and engagement if the content was well-prepared and creatively
made by professionals.

3. The amount and granularity of viewer interaction on content also contributed
to the observation. In conditions VI and VE, viewer interaction was only used
to drive the narrative progression. More specifically, among various elements
within a storytelling experience, the viewers were allowed to control which
segmentwill I go to next after this one instead of any specific visual elements or
action choices with consequences in the scene. Compared to this virtual tour,
viewers could have been allowed to interact much more than simply picking
segments on a playlist in other interactive experiences. One might interact
with an object within the scene, or interfere with a character’s behavior. It
is possible that, compared to only narrative progression, viewers might show
noticeable changes in their feelings and memory performance if they can in-
teract with more specific and visible elements in the scene (and maybe also
linked to narrative progression/branching).
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4.5.2 Viewer’s Main Impression and the Role of Control

In the previous section, the comments from the interviews, common themes,
and sub-level topics were summarized. The transcription of each participant’s re-
sponseswerematched to particular topics andwe counted the times each topicwas
mentioned. The conditions each participant experienced were then inspected and
the numbers separated into two groups, creator control (CC & CR) and viewer con-
trol (VI & VE). The final results are shown in Table 4.2. The total count of Sub-level
Topic 3 of Theme 1 is not further divided, as it is not condition-dependent.

TABLE 4.2: The number of participants’ responses grouped by themes
and sub-level topics, with their distribution in the different conditions

experienced.

Themes and Sub-level Topics Total CC & CR VI & VE
Theme 1: Impressions of the Virtual Tour Experience
Being Immersed in the Virtual Environment 31 13 18
Feeling like a Real Guided Tour 18 13 6
Impressions of the Technology 37 - -

Theme 2: As a Medium for Transfer of Knowledge
Actual Knowledge Gained 24 14 10
Immersion as an Advantage for Learning 20 8 12

For Theme 1, the viewer’s primary impression of the immersive experience
was believed to have changed according to whether or not the viewer had been
given control. When a viewer is given control over the narrative progression and
notices her agencywithin the experience, her primary impression/recallwillmainly
be the feeling of “interactivity” or “being immersed,” instead of focusing on the
content. This conclusion is supported by the number distribution between CC & CR
and VI & VE of the two sub-level topics under Theme 1. This observation is further
strengthened by the distribution of condition origins between the two sub-level
topics under Theme 2. “Viewer control” leads users to remember more about the
experience, rather than the content.

4.5.3 Exploratory Behaviors

On the heat maps in Figure 4.7, clustered areas (the area a viewer focused on
for the longest time) and the size of the cluster (a small cluster if the viewer rarely
moved her/his head when looking at that area) were both carefully inspected. The
focus point of most viewers fell on the host during the virtual tour because they
were reminded to pay attention to the content as there would be questions about
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it at the end. Most viewers took it as a “test” and tended to listen carefully to the
host because of this statement. Several participants also indicated that they did it
out of politeness as “the guide was visible in the scene, I naturally felt I should look
at him while listening.”

Adifference between the intentions of the exploratory behaviors for the “Intro-
duction” clip and those in the major content segments was also discovered. Many
viewers showed an increased frequency of looking around and drifting away from
the host during the Introduction, while the same behavior was much less observed
during the content segments. In the latter case, the viewers were mainly dwelling
only on the host and the object being introduced. Several participants also chose
to look at the ROIs. The reasons suggested from the interviews were mainly (1)
they noticed some topic that they were interested in and would like to know more
about, and (2) they were attracted by something in the video and wanted to have a
closer look (zooming was not supported in the 360-degree videos). Another group
of viewers showed different behavior patterns from the previous two. They kept
actively looking around during the whole tour. They stated that they were new to
this form of 360-degree video and new to the place shown in the video (a VR lab),
thus were driven by curiosity to look around actively. This was also verified by
their answers in the background questionnaires. Most participants who showed
“curiosity” behaviors had answered “never” or “only a few times a year” when
asked about previous VR use or watching 360-degree videos.

This observationmotivates a conclusion that participants’ tendencies to watch
passively or actively look around could have been affected by their preconceived
impression of the experience. During the experiment, before starting the viewing
sessions, the experiencewas described as “a virtual guided tourmade from a series
of 360-degree videos.” The actual mechanism behind the scene was not mentioned
because the participants were not supposed to be aware of the differences between
conditions. They were also notified that there were “content-related questions at
the end,” and that they “might want to pay attention to the content and the details.”
These descriptions led participants to form expectations before the tour, that these
are “videos” and “they should pay attention to the content.” They showedminor ex-
ploratory behaviors in the main segments. But first impression is not the only case
where this occurs. Personal experience and interests also contribute to exploratory
behaviors [65].
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4.6 Discussions

There are some less-perceptible viewer behaviors and intentions, which are
not as explicit as losing track of key story elements, and are all based on the data
and interpretations presented above. The first two sections focus on viewer needs
for pace control and theirmotivations and hesitationwhen facedwith choices. The
third section transforms this discussion into implications for CVR creators.

4.6.1 The Non-stop Flow of Time and the Control over Pacing

In most cases, the viewers’ actual perception of the experience was different
compared to the conceptual scenario described above [154]. During the experi-
ments on interactive CVRwith various control types andmethods, viewers showed
their needs for pace control. Several participants of the VE condition reported in
the interview that they felt there was not enough time to make selections. Some
saw the cards appearing in the scene, but did not have enough time to consider
the consequences and make a selection. Such observation indicates that pace con-
trol could also be a vital aspect of the user experience in immersive storytelling.
Alongside control over story direction and progression, viewers might also desire
control of the speed of the progression. Unlike movies, where the viewers are just
passively watching and the creator has total control over the pace of progression,
in interactive storytelling, the viewer will carry out active input and bear the task
of determining the consequences of each option. Thus, proper pace control in the
viewer’s hands could be crucial. In other words, when the storytelling process en-
compasses viewer interaction with the narrative, it also enables the viewer to per-
ceive him/herself in a role involved in the story. Therefore, the control of story
progression should also be appropriately handed over to the viewer, at least par-
tially, to match the agency a viewer now has.

4.6.2 Making Choices, or Not Making Choices

During the second user study (see Chapter 4), an extra questionwas added dur-
ing the interview for participants in the VE condition to ask about theirmotivations
formaking their selections. This was based onmy observation that in the VE condi-
tion, there were two types of users. Some actively made selections when the cards
appeared, and others did not make any choices along the tour even though the con-
troller was in their hands. The following are discussions on viewer’s choices after
dividing them into separate groups.
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For those who made selections, the responses indicate that their motivations
mainly fell into two categories: (1) making choices based on personal interest, and
(2) making choices by comparing the running times of the options, and choosing
the shortest one. Both of these were linked to information presented on the cards
(Name of the ROI, and running time of the segment). The text on the cards became
a vital reference for viewers to support their choices.

For the participants from VE who did not make choices, many reported they
were not sure if, by making the selection, the system would directly cut to the next
scene (like in music players), or queue it up. They wanted to finish the current
segment before proceeding, so they hesitated and eventually gave up on making
selections. Once they noticed the system made default selections, they switched
to a fully-passive attitude and let the defaults run while simply enjoying whatever
was coming up.

Three participants can be viewed as outliers from these two groups. Their per-
ception of explicit control either differed from the original design, or they went
beyond the instructions for the experiment. One indicated that he used the cards
to “force the host to present the segments in a counter-clockwise fashion,” as this
was his personal preference when visiting museums. Two other participants re-
ported that they regarded the cards as a method to skip and jump forward to the
next segment, which is an intention not foreseen in the design. They indicated in
the interview that they wanted to skip forward once they felt bored and thought
“the cards were a button to skip the current segment so I pressed it.” However, the
system did not allow for that, making them feel frustrated. These participants also
stated that if they had been more sure of the selection mechanism’s consequences,
they would have chosen according to whichever segment interested them most.

The confusion was assumed to be related to the wording on the cards, as the
labels read “Next up: [the name of the ROI],” which may have confused some par-
ticipants. However, this raises the possibility of a mismatch between a viewer’s
perception of the consequence of control, and the actual consequences. As men-
tioned by Carstensdottir et al. [24], the creator of an interactive experience must
consider how the viewers establish a specific mental model in their minds when
a control or input method is put in their hands. Design choices for interactive ele-
ments needed further investigation in this case.
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4.6.3 Implications for CVR Creators Considering Viewer Interaction

Another set of CVR production guidelines was derived by comparing partic-
ipants’ interview responses in the different conditions. We have learned that a
viewer’s tendency to recall the experience can be mediated by whether the viewer
is given control over the immersive experience. Thismeans aCVR creator can guide
the viewer’s general impression of the experience towards an emotional feeling of
interactive/playable progress (projects designed for fun or suspense) or towards
the content itself (projects for education or training) by giving viewers different
levels of control, such as sole creator control, implicit viewer control, or explicit
viewer control. This guideline is also a part of the Adaptive Playback Control (APC)
framework, assisting CVR creators in choosing proper viewer interaction designs
for projectswith different purposes. The frameworkwill be introducedwith details
in next chapter.

The necessity of having a balance between the viewer’s natural tendency to ex-
plore and incentives to invoke exploratory behaviors in viewers was also noticed.
The former was observed due to the shift of the viewer’s role in CVR. The viewer
naturally has an increased tendency to actively explore the virtual environment
when s/he is immersed in it, as verified by our observations from the participant
behaviors during our experiments. The latter was derive from the combination of
both quantitative data and qualitative observations. The viewer’s tendency to ex-
plore in an immersive environment actively can bemediated by external elements,
in both top-down and bottom-up forms.

Top-down mediation is related to the tasks a viewer carries out within the im-
mersive experience. During the experiment, while the participants were carrying
out the task of “I need to pay careful attention to the speech from the tour guide,”
they showed fewer exploratory behaviors. On the other hand, when theywere told
to “look for interactive cards in the scene and choose which segment you want to
watch next,” viewers’ exploratory activities increased (as seen from the heat maps
generated from the VE condition).

Bottom-up mediation seems more delicate and complex. Since no sufficient
data was collected in the second user study (see Section 4.4) to fully understand
this mechanism, only preliminary insights are presented here. On the one hand,
when viewers were provided with a controller, they treated it as an entry point
for potential interaction, and tried to interact with many things. However, their
willingness to explore and interact hit a roadblock after several tries as there are
no interactables. Such contrast made viewers unclear of the consequences behind
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their actions, making them step back into a passive-viewing mode. To encourage
viewer interaction, CVR content creators need to be aware of viewers’ intention to
explore actively, and treat that as a firm grounding in immersive storytelling. They
also must help the viewers strike a balance between being willing to act and being
afraid to act, via story structure design and system design. On story structure, one
example would be the virtual tour content used in the second user study, which
was designed with a flexible structure that the actual sequence a viewer choose to
visit the three spots does not affect the main narrative of the entire tour (see Sec-
tion 4.3.3). On system design, a good example would be the pace-control discussed
back in Section 4.6.1.

Returning to the two central questions raised near the beginning, the decision
of who should control the narrative progression and the visibility of the viewer’s
interaction option, the following guidelines for CVR creators are summarized as a
starting point for applying the APC framework:

1. Viewer control is recommended for immersive storytelling projects that focus
on providing an experience of participation and feeling of agency. For other
projects, where learning and knowledge transfer is the priority, the creator
might want to consider leaning more heavily on creator control. While this
might also apply to learning experiences, it needs further investigation.

2. If the viewer interaction is enabled as a significant component of the story-
telling experience, the creator will need to consider how to utilize best the
viewer’s natural tendency to explore actively. Interaction designwith implicit
input is amore balanced choice, as it helps the viewer be immersed in the con-
tent while removing distractions by interactive elements.

3. Explicit interaction requiresmore careful design and increases the amount of
work needed to construct the entire experience. However, if the creator can
find a proper design to relieve the viewer’s uncertainty of interaction conse-
quences and properly guide viewers to use this explicit interaction method, it
will yield a higher level of engagement and enjoyment in the experience.

To sum up, although viewer interaction comes as a natural tendency in CVR, both
the level of control given to the viewer and the visibility of the interactors should
depend on the content and its purpose. It is recommended as a design rule for all
CVR creators, as well as a response to RQ2, about the design considerations CVR
creators need after acknowledging that the viewer as a participatory role in the
experience, stated in Section 1.2.
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4.7 Conclusion

In the study, the introduction of viewer interaction into CVR storytelling was
explored, by focusing on a two-element combination: narrative progression, and
interaction visibility. This formal user study evaluated four combinations of those
two elements, looking at the viewer’s level of engagement and enjoyment, general
usability experience, and memory performance with the content of each condi-
tion. Semi-structured interviews were also conducted to assess their subjective
feedback. The objective data did not reveal any significant differences. However,
by combining both objective and subjective data, insights into viewer’s role in CVR
and their behaviors were generated. CVR creators are suggested to design control
modes and interaction visibility based on the original purpose of the storytelling
experience.

Compared to the previous study, this one was built upon acknowledging the
viewer’s new role in CVR storytelling (they can actively look around in the story
world). In this study, the viewers were given more extensive capabilities to in-
teract with the narrative (enabling them to participate in the narrative progress).
However, for the matter of “giving the ability to interact with the story” and “ac-
tively participate” in CVR, the viewers could not accurately tell if interaction was
enabled or explicitly given, or not, during the experiment. This observation is sup-
ported by the fact that the objective measures from participants all failed to show
statistically significant differences for the different setups in the experiences. It is
subjectively inferred that the design differences in the system’s interactivity may
not have been well described and perceived by users. To further evaluate whether
involving viewers in the progress of storytelling enhances the experience and deliv-
ers the intended reactions expected by creators,more caremust be taken to balance
the control provided to both the creators and viewers. This is explored next in the
thesis.
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Chapter 5

Adaptive Playback Control - A
Comprehensive Framework for
CVR

In Chapters 3 and 4, the results of two studies exploring effective attention
guidance for CVR viewers (stated as RQ1 in 1.2) were presented. In this chapter,
learnings from the studies, including the use of AUs in CVR production and the
addition of viewer interaction to CVR experiences, are discussed in more depth.
These techniques are then combined into an integrated framework of CVR produc-
tion guidelines, which covers a complete workflow for producing a CVR experience
with viewer interaction. Responses to the research questions posed earlier are also
probed from a more holistic perspective in this chapter.

5.1 Knowledge Gained from User Studies

In the first study, practical methods to guide viewer attention in an immersive
storytelling environment were investigated. The results of that study provided in-
sight into the effects of attention guidance cues on viewer behaviors and thewatch-
ing experience (see sections 3.4 and 3.5). The results from the first user study threw
light on how viewer experiences were affected by AUs in CVR. In the group where
AUs were applied, the viewer’s feelings of engagement and enjoyment with CVR
content increased, while the time spent searching for the ROI was reduced. These
results indicate that the application of AUs helpedmitigate the FOMO issue, proving
that AUs, as a set of cues, are effective tools to assist creators in CVR production. In
the second study, the viewer’s involvement and agency in terms of controlling the
narrative progression in CVR were explored.Unlike the first study, which empha-
sized the creator’s role in production, the second study focused on a combination
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of two elements on the viewer’s side: narrative progression and interaction visi-
bility. Via a series of measures of the viewer’s subjective feelings along with semi-
structured interviews, insights were gained despite the data not having revealed
any significant differences. Another guideline derived from this user study is that
the CVR creators are suggested to design control modes and interaction visibility
based on the original purpose of the storytelling experience, as well as providing
incentives and guidance to support the viewers to participate. Especially in a CVR
experience with implicit interaction, the viewers were given more extensive capa-
bilities to interact with the narrative (enabling them to participate in the narrative
progression), without being aware that they were empowered to actually affect the
narrative progress. Therefore such a design is recommended for creators working
toward a more “lean back” and passive experience, such as a documentary.

It is important to note that these resulting guidelines remain unorganized and
disconnected. Some deal with content creation, others with system design, and
none approach CVR as a co-creative experience involving active engagement on
the part of both the creator and the viewer. In addition, the CVR content used in
these studies is only available in the “guided tour” format and place a human nar-
rator in each scene at all times. It has not been determined whether other types of
CVR should follow the same rules. Therefore, the following sections (5.2 and 5.3)
present follow-onwork that unifies the rules into a comprehensive framework. The
applicability of such a framework to other types of CVR content will be investigated
in a later chapter (section 7.3).

5.2 Merging CVR Guidelines into a Coherent Framework

In the two user studies, knowledge about using CVR for effective storytelling
was gained. How viewers, as a necessary part of the CVR experience, can be placed
in a balanced role in the narrative process was also explored. However, the guide-
lines produced remain scattered through different realms, and each covers only
one of the many challenges creators are facing. CVR creators currently need to
use a trial-and-error model to identify which guidelines to use in resolving prob-
lems encountered in production. Therefore extra steps were taken following the
user studies to formulate a coherent adaptive playback control (APC) framework for
CVR creators. The framework was designed with the goal of matching the guide-
lines with the workflow of CVR production, from content preparation, through plot
design, to viewer interaction design, so creators can naturally choose among the
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guidelines and look for those referencing their current stage of their work. The
framework is also intended to provide a holistic view of how the parts are linked
together in a CVR experience. The vision is that through this framework, CVR cre-
ators can produce engaging and enjoyable work, knowing they will maintain au-
thorial control over the plot and the theme of the story while being assured that
the viewers will not experience the FOMO issue. At the same time, the viewers will
have the freedom to interact alongside the narrative progression, thus living up to
their expectation of agency. The framework will also assist creators in designing
interactive CVR experiences without overemphasizing the interactivity, such that
it becomes more of a gaming experience. The following section discusses the mo-
tivation for the APC framework, how it was developed, and how it is inspired by
other frameworks for different interactive media, and then describes the APC in
detail.

5.2.1 Previous Guidelines for CVR

The first step in the exploration of the CVR framework was to review the exist-
ing guidelines or references already established by other creators and researchers
in their work. Over decades of the development of cinema, filmmakers established
practices and guidelines for effective storytelling through thismedium [17]. As 360-
degree video became more widely available and easily accessible for the general
public, creators integrated it into their toolkit as they tried to tell long and complete
stories [59, 13]. The exploration of new sets of storytelling grammar coincidedwith
the start of production of experimental works [146].

At first, creators were producing CVR works in trial-and-error mode, experi-
mentingwith prototypes and gathering design references fromfilmmakingprojects
while retrofitting them to suitable storytelling grammars and design principles for
CVR [18, 60]. Examples include setup instructions around the 360-degree camera,
and instructions around placing characters on stage for the newmedium and new
POV of viewers (such as [18, 27, 79] previously discussed in section 2.2.1). Later,
some creators and researchers reached into the realm of game design to borrowed
theories such as co-construction of the story and ludo-narrative [157, 73]. These
theories were imported to CVR to highlight the viewer’s necessary contribution to-
ward the progress of delivering a complete story and providing a circle of experi-
ence. They served as a type of plot design referencemoving beyond how 360-degree
video should be filmed so viewers canwatch comfortably to consider immersive story
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construction whereby the viewer should also be regarded as an author and suggest-
ing creators place special consideration on the intrinsic characteristics of the im-
mersive experience at the early stage of design process [126]. Their discussions,
however, remained at the theoretical analytical level and did not offer specific, use-
ful references. Direct application of these theoretical concepts to practical creative
and shooting tasks is challenging for CVR creators. A well-constructed set of guide-
lines available for direct use is still missing for creators moving from filmmaking
or regular 360-degree video to creating an immersive storytelling experience with
viewer interaction.

5.2.2 Frameworks from Other Interactive Media

In the second step of exploration, a survey of previous works that provided
frameworks for other types of storytelling was conducted. The survey covered
various types of storytelling media, such as tabletop games, video games, and in-
teractive TV programs, with the aim of finding common patterns to describe the
necessary elements for a framework to support content creation. Among the cases
investigated, Carstensdottir et al. [24] examined interaction design in interactive
narrative games, specifically the structure and progression mechanisms to estab-
lish common ground between the designer and the player (see previous discussion
in section 2.4). They listed six types of story structures commonly found in nar-
rative games and summarized four types of progression mechanism. Most impor-
tantly, they stated that the choice of story structure and of progression mechanism
for a game is not a random combination. However, a reasonable decision needs to
be taken by designers in order to match the mental model players will form when
they see the progression mechanism towards the structure of the plot, even be-
fore they have fully experienced it. Ursu et al. [155] also listed a series of existing
programs and summarized a system structure for an effective software to support
both authoring and delivery of TV programs. Although not directly in the realm
of immersive storytelling, both still served as useful examples of how reference
frameworks are constructed for narrative experience creators. Moreover, when
viewer participation is regarded as a key component for story comprehension and
becomes the aimof the entire experience, such as for [85, 58, 97], viewer interaction
is more carefully designed and generally considered at the very beginning when
the story is composed. In these works, the researchers thought to use frameworks
to guide the process bymerging interaction design and content preparation organi-
cally such that viewer/player interaction became an essential part of the narrative.



5.3. Adaptive Playback Control: A Framework for Interactive CVR 97

Nevertheless, extra adjustments are still necessary before these frameworks can be
applied to CVR, since CVR is more of a lean-back medium that involves less active
and intensive input from viewers compared to the media types discussed above.

5.3 Adaptive Playback Control: A Framework for Interac-
tive CVR

The review of previous work on interactive and immersive media yielded an
important conclusion: that a coherent framework for CVR production should align
with the workflow and how creators actually build the experience. More specifi-
cally, the framework needs to be compatible in terms of helping creators under-
stand the intrinsic characteristics of CVR (such as 360-degree video), how it differs
from a traditional flat medium, the unique challenges it presents, and the solutions
available. The framework also needs to encourage creators to see a CVR experi-
ence from the viewer’s perspective. It is expected to help the creator recognize a
viewer’s expectations as well as their concerns when entering a CVR experience.
When these two aspects are both achieved, the framework is coherent and the cre-
ator can be confident in creating an engaging and effective CVR storytelling expe-
rience from both a bottom-up and a top-down perspective (cf. 4.6.3). Therefore, to
support the creation of effective storytelling experiences for CVR, the APC frame-
work is designed to fulfill the aforementioned requirements, providing support for
both content creation with viewer participation in mind and viewer interaction de-
sign by involving the viewer as a participating character in the storytelling scene.
Further, because the frameworks used in the works mentioned in the last section
have been proven effective by others who used them as references for design [47],
a similar framework following this workflow for interactive CVR production is con-
structed here, with two parts, one focusing on the creator’s role and the other on
the viewers:

• ImmersiveContent ProductionGuidelines: Being different from traditional
flat-screen media, immersive content requires creators to adopt new mind-
sets to take into consideration, for example, the role of the viewer, the new
mise-en-scène, the FOMO issue, and the necessity to resolve it;

• Viewer Interaction Design Guidelines for CVR: Since viewers are also in-
volved in the immersive storytelling experience, their capability to interact
and the agency the system enables them shall meet their expectations when
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they step into the immersive scene. Creators will need to design the interac-
tive elements carefully and consider viewer interaction as part of the narra-
tive process from the beginning.

Content creators are expected to use this framework as a reference for their
production process, choosing the story structure to support their purpose with sto-
rytelling, preparing content segments, and assembling them with interactive ele-
ments designed for viewers, culminating in an engaging and satisfying immersive
storytelling experience with interactivity. As per discussions in earlier chapters,
via this framework the creators retain essential authorial control of the story but at
the same time allow a certain freedom of viewers so they have agency and find the
storytelling experience moulded and shaped according to their expectation (which
makes it adaptive). Thus the name of the framework: Adaptive Playback Control
(APC).

5.3.1 The Immersive Content Production Guidelines

As stated in previous chapters, immersive content production differs from tra-
ditional filmmaking or video production. Creating immersive content requires di-
rectors to consider the viewer’s role, the new mise-en-scène, and the FOMO issue,
which are all non-existent with the traditional 2D screen. It becomes necessary to
resolve these issues with proper techniques to ensure the desired user experience
of the final product. The addition of attention guidance cues into the immersive
scene, as learned from the research, effectively kept the viewer’s attention on crit-
ical story elements to avoid losing track of the plot and thus confusion and failing
to comprehend the story. The following points build on knowledge from previous
studies and added into the content production guidelines:

• CVR creators need to consider the choice of suitable cue designs. They need
to consider factors including whether the cues are diegetic or temporarily or
consistently visible, for different contexts and purposes. Generally, diegetic
and temporary/dynamic cues (such as the AUs used in previous studies (see
Chapter 3)) are recommended to achieve CVR that aims for dramatic narra-
tive.

• The design of content structure should also match the purpose of the story-
telling, as well as its context and background. In some cases the content is
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organized in a more complex structure to meet the need for viewer participa-
tion and interaction that goes beyond just actively looking around (discussed
in detail in the case study in Chapter 6).

• References on structural content design and assembly are also provided, as-
sisting CVR creators in designing and preparing scripts and blueprints ahead
of actual capture (further discussed in Chapter 6, especially section 6.2.1). This
aligns with the fact that for interactive CVR, the viewer will likely expect in-
teraction at amedium level with input and some involvement in the narrative
progression, as stated in Chapter 2.

We should also be aware that this guideline is suitable not only for 360-degree video
for compelling storytelling but also for other immersive media. In sum, it includes
basic areas such as scene setup, camera manipulation, and the use of attention
guidance cues like AUs for production work for specific CVR content, then also a
more abstracted structural reference to guide creators in integrating this content
into a digital storytelling system. The content produced also becomes the “content
library” (a concept mentioned in Section 4.6.1) to support the type of structure cho-
sen for that storytelling experience.

5.3.2 The Viewer Interaction Design Guidelines for CVR

According to the workflow for APC, after the content creator lays down the
story structure and prepares the content following the guidelines, the story is ready
for application of the APC guidelines. The next step is to set up how viewers will
interactwith each piece of the content and progress along the storyline. In previous
research, parameters from multiple axes of the viewer’s interaction in immersive
media were identified to define a method specifically for the CVR experience. The
core concept is to remember that a perfect and universal solution does not exist.
To the contrary, content creators will need to design interactive elements for each
project, aiming to balance the viewer’s capability to interact and their agency of the
experience with the expectations they form as they step into the immersive scene.

The complexity and capability of viewer interactivity was discussed in Chap-
ter 4 and represented as a continuum of interaction. The depth of viewer agency,
or the extent to which a viewer can have an impact on the narrative, was also de-
scribed. The observations of subjective viewer impression, their understanding of
their roles, and their control capabilities will also be included here as a reference
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for what viewer expectations will be like for certain types of immersive and inter-
active content, as well as a part of the APC framework and guideline. Finally, all
of the above will be consolidated and provided as a reference for viewer interac-
tion design for CVR, covering the choice of parameters related to viewer interaction
techniques such as the type of control, the main role of controller of the narrative
progress, andwhether this control is perceptible to the viewers. These factorswere
already extensively explored and discussed in the second user study, in Chapter 4.
The following items will be included in the guideline:

• The viewer needs to have control over the pace of progression of the narra-
tive. The control of story progressionmight also rightly be handed over to the
viewer, at least partially, to take into account the fact that the viewer is also
involved in the storytelling activity, being also a character in the scene and
expecting some agency over the story;

• The option to disable control should be available when viewers tend to with-
draw from the controller role. Since the possibility that a viewer may shift
from medium-level participation back to passive observation during the sto-
rytelling cannot be ruled out, the creator of an interactive experience needs to
consider how viewers establish a certain mental model in their minds when
a control or input method is put in their hands, and be flexible in following
that mental model;

• CVR creators could exploit viewers’ natural tendency to explore in an immer-
sive environment and apply appropriate incentives to invoke exploratory be-
haviors in them. Meanwhile, the system’s design needs to support viewers’
intentions and expectations, for example if their exploratory behaviors are
being sparked, and avert frustration when viewers hit an “interaction obsta-
cle” and veer to “being too afraid to act”.

5.3.3 A Conceptual Example of an APC-Powered Interactive CVR Expe-
rience

To demonstrate how the APC guidelines can be applied to a CVR production, a
conceptual example is proposed here, enabling implicit viewer interaction while
maintaining authorial control. The example includes these preconditions:

1. The viewer is seated in a swivel chair and wearing an HMD for the VR expe-
rience;
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2. The viewer is passively watching, but the creator’s screenwriting will define
the viewer as (at least) a participatory-level character in the story;

3. The viewer’s experiencewill not be interrupted by non-diegetic elements, and
the time flow will not be explicitly affected by viewer’s interaction.

Th systememphasizes both the viewer’s expectation of agency and the creator’s
expectation of authorial control, following the continuum of interactivity outlined
in Chapter 2. To strike this equilibrium, the following three fundamental elements
are created (Figure 5.1):

• A story builder component for the creator to fill in rawmaterial and references
to the internal relationships between key story nodes and their weights of
priority;

• A moderator component running in the background to capture the viewer’s
real-time behavior and mediating the playback process as a response to the
viewer’s actions;

• A projector component presenting the content to the viewer and receiving
commands from the moderator updating the presentation when necessary.

In this system, the creator, as story builder, provides the content in the form
of nodes, plus map-like references for the moderator. This map is the results of
assigning the nodes and paths with “weights of necessity” defining, for example,
which nodes are mandatory and which parts of the path are predefined and can-
not be waived. The projector captures implicit input from the viewer (such as head
rotation and gaze change), for the moderator to be read as signals, altering the
path of how the story progresses from one key node to another in real time. Be-
fore playback, the creator feeds the content (as nodes) and the map to the story
builder as raw material. The moderator uses the map as a reference to the possi-
ble paths a viewer can later take connecting the nodes in playback, the mandatory
paths, and their priorities (all visible in Figure 5.1). The viewerwatches the content
when playback starts, wearing an HMD. The moderator monitors and analyzes the
viewer’s behavior as they watch to work out which node the viewer is interested in
at a given moment, cross-references it with the map, and determines which node
will be presented next, and accordingly sends the directives to the projector. In
response the projector presents the chosen node (as content) to the viewer. Since
this is all running in the background, the viewer is unaware of the fact that s/he is
making choices what will affect the narrative progression, albeit implicitly.
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FIGURE 5.1: Structural diagramof the interactive systemusing the APC
guidelines, showing the system’s three components and a viewer who
is using the system, and demonstrating how the components work

together to deliver the final result to the viewer.

In this conceptual example, the APC guidelines ensure the experiencewillmeet
the expectations of both the creator and the viewers. A viewer in such an experi-
ence can find him/herself with the agency to take a role in the story through a cer-
tain level of interactionwith the system, because the path the story follows changes
(within certain boundaries) according to the viewer’s behavior. Meanwhile, the
primary purpose of the storytelling and the emotional response the creator wants
to invoke in the viewer can still be ensured, because the essential narrative arc and
the main plot are still laid by the creator and not affected by the viewer’s behavior
while watching. In the next chapter a real-world case will be presented further ex-
ploring the topic storyteller control and acknowledgment of viewer involvement. It
may also be possible to observe whether the viewer’s sense of narrative immersion
and engagement and enjoymentwill be affected by the fact that his/her interactions
within the story world are at a limited level, compared to a sic degrees of freedom
(6DOF) version or full-scale VR game.

5.4 Conclusion

In this chapter, insights from the two user studies were summarized in regards
to the creator’s toolkit and viewer interaction in the CVR storytelling experience.
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The need for a broader framework for creators of CVR was demonstrated and the
Adaptive Playback Control (APC) framework introduced, including a description
of its motivation and the process behind its creation. An overview was then pro-
vided of the two components of the APC framework: the content production guide-
lines focusing on the creator’s side and the viewer interaction design guidelines
highlighting viewer’s role, and considerations around these. In the next chapter, a
case study featuring storytelling co-design workshops focusing on indigenous sto-
rytelling will be described, serving as a real-life example of the application of the
APC framework.
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Chapter 6

Case Study - Use APC Framework
to create Māori Storytelling
Experiences

6.1 Introduction

In the previous chapters, two studies were described to cover a series of guide-
lines for CVR creators to produce interactive storytelling experiences. Those guide-
lines were then merged into the APC framework that covers the workflow of CVR
content production, providing references to creators when designing the experi-
ences and involving viewer interaction in the progress of the narrative. In this
chapter, a case study, where the APC framework was put into practical use, is pre-
sented. We aim to create a digital experience using CVR, allowing users to expe-
rience stories told by virtual storytellers in a way very similar to the real world
face-to-face experience.

The case study startedwith a series of co-design sessions with kaikōrero (Māori
storyteller), collaborators from the Te Rau Aroha Marae in Bluff, Aotearoa New
Zealand. Suchwhanaungatanga (connection between people)was establishedwith
those collaborators in the first place because of the geographical uniqueness of the
marae and the Bluff township. Te Rau Aroha Marae is the world’s southern-most
marae, located in Bluff, which is the southernmost town on the South Island of New
Zealand (Figure 6.1)1. The rūnanga (tribal council) of themarae today connects peo-
ple who live in both Bluff and on the islands off the south coast such as Ruapuke
Island and Rakiura (Stewart Island). Stats data2 shows more than 40 percent of the

1See more on: https://ngaitahu.iwi.nz/te-runanga-o-ngai-tahu/papatipu-runanga/awarua/
2See more on: https://www.stats.govt.nz/tools/2018-census-place-summaries/bluff
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population there self-identify as Māori and maintain the traditional lifestyle, in-
cluding the seasonal collection of muttonbirds and oysters. This uniqueness of the
Bluff community sets a strong cultural background for this case study, and empha-
sizes the necessity for being culturally appropriate and following Tikanga Māori
(Māori customary practices, behaviors and protocols) when applying digital tech-
nologies to traditional cultural activities.

FIGURE 6.1: A map view showing the location of Bluff in the South
Island of New Zealand. An enlarged view shows the Bluff town and
islands off its coast. A photo of the Te Rau Aroha Marae is also pre-

sented.

The context of this study also supports a second motivation. It aims to find
out if a digital storytelling can help indigenous people (Māori) connect with the
storyteller and the scene in the story, when the digital experience is built following
their understanding of maintaining connections via storytelling, or matching their
expectations of such experiences. The APC framework was also introduced to all
the relevant parties in the project and used as a reference for the group to design
and produce CVR content.

The third motivation to conduct this co-design project stemmed from the pre-
vious study (see Chapter 4). In that study, since viewers had control over the nar-
rative progress, they experienced different versions of the tour because of their
choices. However, the results indicated that regular viewers were not aware of the
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personalized component of the storytelling experience, nor could tell the difference
between a standard linear story and the interactive version where their behavior
and input had been considered. Rather than asking for an evaluation from general
end-users, the storytellers are assumed to be in a position to validate if the digital
storytelling experience was appropriate and feasible when used to bring people
feelings similar to those in the real world, because in the end, what this digital sto-
rytelling has been trying to mimic is the storytelling experience those kaikōrero
offer in the physical world; they are the experts in this topic and are the ones who
have the most potential to tell the difference and give practical feedback.

With these observations and considerations inmind, the following components
were drafted:

• Planning the overall structure of the CVR experience with a focus on the “per-
sonalization” feature;

• Conducting a series of co-designworkshopswith Subject-matter Experts (SMEs;
in this case, kaikōrero of Te Rūnanga o Awarua from Te Rau Aroha Marae in
Bluff, New Zealand), around what elements are needed to enable personal-
ization to bring it close to the activity of oral storytelling;

• Capturing a series of customizable CVR content using the APC framework as
its reference.

• Developing a system that delivers personalized storytelling experience using
CVR.

• Evaluation of the system and its experience by the SMEs to see if 1) it matches
the expectation of storytellers, like the oral storytelling experience theywould
like the viewers to have; 2) it is culturally appropriate in their perspective.

In the following sections, the process of narrowing the exploration area of this
project will be first elaborated. It starts from a design space about viewer interac-
tive storytelling in CVR, then moves onto the co-design workshops conducted with
kaikōrero Māori, including the results and reflections, followed by an evaluation
and discussion of the CVR system.
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6.2 Enabling Further Viewer Participation in Immersive
Storytelling

In deriving and generalizing the APC framework, bringing the viewer’s partic-
ipation into CVR storytelling was themain focus. However, its effects are limited to
only the temporal succession of content segments. The other possible effects were
not fully explored, such as how it affects the content disclosure. From the viewers’
perspective, in the past studies, they were allowed to control the narrative pro-
gression (responding to what they do), but not yet to change the narrative based
on their profiles (responding to who they are). In real world storytelling, the teller
embraces changes; for example, the same Tama Rereti story (a traditional Māori
story about their ancestors) has variations across different iwi (tribes), when told
by different kaikōrero, and also towards different audiences [104]. Thus alongside
using APC in an actual project, it is also extended to create amore personalized CVR
experience, resembling real world oral storytelling. A more “personalized viewer
participation” means the viewer will not only find s/he is experiencing the story
as if being there with the teller, but will also find the narrative is tailored towards
him/herself.

In Section 2.5, the typical pattern used in viewer-centered (personalized) digi-
tal storytelling experience was introduced, which involves a customizable content
pool, a system to collect and create the viewer’s profile, and a strategy to generate
variations in the stories disclosed. This pattern is not exclusive to such digital ex-
perience, but has been widely used in our daily life, even before digital technology.
In oral storytelling activities, Māori people do not tell a fixed story, but draw nec-
essary elements from a pool and assemble and arrange them into a story that fits
the current context and need, plus adding the teller’s personal touches [124]. When
telling a story, the teller draws from a pool of conventional imagery and dramatic
devices, but takes liberties with how they used and arranged them, depending on
who the listeners are, the context and the purpose of the telling. Different tales
would often highlight different characters or events, and each story would have its
own individual touches of the storyteller [117]. In some oral traditions, oral sto-
rytelling is also participatory; it is not only a matter of the teller, but also related
to the listeners. Both parties see the storytelling activity as a communal sharing
that binds communities spiritually and relationally. Thus both the stories and the
ways of telling are as varied as the people who tell them and the attending listeners
[139].
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A fact to admit is that the design space around storytelling personalization and
traditional oral storytelling is large and complex, thus this study is not going to
explore all the details and effectiveness of each combination. This would require
considerable resources, some outside the scope of the research’s focus. Some de-
sign decisions were made in advance and set for this co-design project, helping to
narrow down design space.

6.2.1 The Segment and Take Structure

In order to frame customizable content preparation, a flexible structure for a
story was first explored, enabling storytellers to generate narratological variations
when presenting it to their listeners. In the scope of our research, the content is
always in the form of CVR, and more specifically, recorded 360-degree videos. Un-
like museum exhibitions where the content are distributed in space, CVR content
are linked together by time; mainly presented in chronological order rather than
spatial arrangement. Thus in this study the idea ofMatrix of Segments and Takes
(MS&T) for CVR was introduced to demonstrate that the topology, content blocks,
repetitive variations and alterations on time sequences can all be consolidated to-
gether to be explored holistically. In the MS&T model the structure of a story in its
finest granular elements were also implemented, namely the Segments and Takes.
Their relationship in the formation of a story is shown in Figure 6.2.

Segments are small content units within a story following its temporal suc-
cession. A segment is a unit containing a piece of the story that can no longer be
divided into smaller parts to maintain its integrity and be comprehensible to the
viewers. In other words, a segment is like a mini-story that if consumed by the
viewers, should at least be understandable within this same segment. An exam-
ple is a scene of a conversation among several actors on a set with several lines
of dialogue, where the viewers can get the general picture of what those actors
are discussing. Such a segment cannot be further separated or the viewers will
have difficulty understanding it. One story typically contains several segments, for
example the five-segment structure used in many stories, i.e. beginning, rising, cli-
max, falling, and end. However, the order can be different in different disclosures,
such as the end presented first followed by a flashback to the beginning of the story.

Takes are the cluster of content clips of the same segment. Like the takes cine-
matographers capture onset in filmmaking, the Takes here comprise multiple cap-
tured clips of the same story segment. Content-wise, they are the same story, but
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FIGURE 6.2: A figure showing the MS&T, consisting of segments (rows)
and takes (columns). Each segment along the timeline may have dif-
ferent numbers of takes available in parallel. On each playback, the
viewer sees only one version of the storywith specific choices of takes
assembled. As an example, there are five connected segments chosen
for one playback, shown at the bottom of the figure. Notice each of

them contains a specific take

each is unique in detail. For example, the beginning of a story can be told in dif-
ferent ways, with different styles and patterns, by different storytellers, and facing
different groups of listeners (e.g., visiting groups, and personas, which will be in-
troduced in the next section). In an interactive or immersive storytelling context,
using takes can lead to the viewers experiencing variations between repetitions.
In storytelling personalization, a creator can tweak one segment into several vari-
ations, i.e. takes, to match different viewers. Since viewers will have different
knowledge bases, personal connections, and expectations towards the story, if the
content is adjusted to match the viewer’s profile, everyone will find the content
they experience fitting their expectations and yielding higher engagement and en-
joyment.

In general, the MS&T represents a two-dimensional mutable story structure
(as shown in Figure 6.2). On one dimension is the segments’ order, structure, and
dependency; the other, within a segment, is a parallel array of sibling takes with
the same content but varying presentation. Eventually, at play-back, a viewer or



110 Chapter 6. Case Study - Use APC Framework to create Māori Storytelling
Experiences

a group of viewers, at one time, will only get one version of the story, which is a
combination of 1) a series of segments in one temporal order and 2) a series specific
choice of takes under each segment block. Such combination is shown in the bot-
tom row in Figure 6.2. The shown structure also support a different story variation
in which the policy for selecting takes is random.

This case is set tomainly looks at narrative variation and personalizationwhen
a kaikōrero Māori (storyteller) tells a story about his/her marae, whānau, or essen-
tial things related to that. Since it is preferred in Tikanga Māori that the story and
its disclosure are separated and treated differently, the MS&T model was imported
as a base structure to prepare the content. The 360-degree videoswere used to built
a CVR experience, with storytellers in the scene presenting content related to the
objects visible in the scene. ActionUnitswere used during capturing as the primary
method to attract the viewer’s attention to the ROI.

6.2.2 The Strategy of Creating Variations

In this study only the Takes of the MS&T model were used, leaving segments
fixed as the storyteller presented. The reason for this is that in the Māori story-
telling context, it was unsuitable for these to be disassembled for a segment-based
strategy. The Māori kōrero (the activity of storytelling) is a principal means to give
identity andmana (honour) to the individual, and expresses their connection with
the whānau (family), hapuūand gives identity to the individual, and tīpuna, the an-
cestors) [14]. Because of this centrality of purpose in conferring identity, and fol-
lowing Tikanga Māori, it is not preferred to disassemble a story told by one teller
as it may compromise the mana contained within.

Once the story is captured, the temporal succession of the segments is fixed
(complete creator control). Variation happens on the takes, as one segment will
have several takes in parallel. Some early discussion and consultation with Māori
experts also led to a preliminary understanding that it is inappropriate to use a sys-
tem to mimics the kaikōrero mechanically. Instead, the variation should be intro-
duced into the stories completely by the kaikōrero, with the personas as references.
In this project, the following strategies were applied to create narrative variations:

1. Same story, same storyteller but towards different visitors. This is the
primary variation initiative, aiming to introduce a variation on the perspec-
tive of presenting the story, the character and the information included in the
story, and also the language used to present the story (English vs Te Reo (the
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Māori language)). But the final decision and presentation would remain in
the hands of kaikōrero, not us.

2. Same story told by different tellers. Variations will be introduced on differ-
ent tellers’ perspectives, the use of different characters and different presen-
tation styles.

As decisionsweremadeon content structure, visitor’s profiling andvariation strate-
gies, the design space was now narrowed down to a reasonable size for one study.
The research questions, content preparation, system development and evaluation,
are all introduced in the following sections.

6.3 Co-designSessions - InvitingListeners into Storytelling
Process

As described at the beginning of this chapter, viewers were not aware of the
variations introduced into the storytelling experience. The quantitative methods
conducted on general viewers did not reflect the differences on designs of system
variants (see Chapter 4). In such a scenario, many cultural heritage researchers
have used qualitative methods, such as co-design sessions and working directly
with SMEs [103, 149, 159]. In this project, kaikōrero Māori collaborators from Te
Rau Aroha Marae of Bluff, New Zealand were invited to join a series of co-design
sessions. They were introduced to the project and the idea of building a person-
alized storytelling experience using digital technology. Tools to represent viewer
variations were initiated, discussed and iterated. Content capture plans were also
formalized during these sessions.

The sessions with experts of Tikanga Māori and Mātauranga Māori were to
discuss and explore the following sessionquestions (SQs), aim to ensure the cultural
appropriateness through out the process:

• SQ1: What appropriate features from visitors a kaikōrero (storyteller) will
consider?

• SQ2: What design tools can be chosen to appropriately represent the visitors
that fit real storytelling scenarios?

The first decision of the sessions was the use of “personas”, as a set of fictional
people [89], to represent the typical visitors in the Māori storytelling context. Be-
cause the content preparation and the actual visiting are separated stages in digital
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storytelling, the personas were used in the former one. A list of preliminary per-
sonaswere prepared in advance as a starting point, with two virtual events as their
backgrounds. The first one is a virtual Waitangi Day (New Zealand national holi-
day) event held at the Bluff Marae is also set as the background for storytelling, as
is usual. On that vitural event, the kaikōrero will welcome visitors and tell them
the stories of the Marae, the iwi, and about the carvings in the wharenui (meeting
house). The second one is future visits of younger generations to Te Rau Aroha
Marae, viewing stored stories told by the kaumātua (elders who are also the story-
tellers). People could experience the stories digitally, and the systemwould be able
to tell who the visitors are so it could give thema story as if theywere therewith the
kaumātua telling it. After reviewing some previous works, key features grouping
into two categories emerged, fitting to differentiate visitors in a Māori storytelling
context:

1. Demographic features, including: age, gender, ethnicity (Māori or Pākehā
[non-Māori]), and genealogy (whether s/he has whakapapa to the marae);

2. Context-related features, including: viewer’s motivation, expectation, related
knowledge and experience, any previous visits, personal relationshipwith the
storyteller.

As a first step, six virtual visitors (as preliminary personas)were created from those
features, as shown in Table 6.1.

The purpose of those personas, or “virtual visitors”, is to help storytellers de-
liver different versions of the story as they would in real world scenarios. For ex-
ample, a kaikōrero from the marae was asked to look at one of the personas and
assume s/he was the one visiting the marae today and was going to tell the visitor
about the whānau (family) wall in the wharenui (main meeting house). Those sto-
ries would be then captured digitally. This set of “prototype personas” was then
bought to the co-design sessions to be reviewed for any missing critical factors and
whether they are appropriate for a Māori storytelling context. Because of the pan-
demic, all the co-design sessions were not held face-to-face but as online video con-
ferences.

6.3.1 Session 1 - Introducing Digital Storytelling and Personalization

In Session 1, the Te Rūnanga o Awarua kaikōrero invited were first introduced
with the project’s background and motivation. The prototype personas were then
introduced and sharedwith them. After that the group discussedMāori storytelling
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and what they thought were essential factors in a storytelling activity. After the co-
design session the recorded audio files were transcribed to texts using an online
tool. The scripts were then manually read through for possible errors, organized
and analyzed using Thomas’ General Inductive Analysis [151] method as a guide-
line. However, due to the limited time and the number of experts we could reach
out to, a formal thematic analysis as described in the guide was unable to be con-
ducted in full scale. The procedure of the actual analysis carried out are listed as
follow:

1. The transcription was carefully read through and text sections closely related
to the research topic were collected;

2. A series of topics are generalized, representing the main information from
the collected sections from step 1;

3. Relationships and potential links between the topics are explored. Important
insight gained from the co-design session were summarized;

4. The personas were updated following the insight and results.

The discussion first highlighted the fact that Storytelling is about the transfer of
knowledge, the sharing of knowledge, and reciprocal knowledge sharing. It mainly
states that the activity of storytelling is access control to knowledge. Storytelling is
also regarded as sharing of knowledge byMāori to set up a conversation’s common
ground. Other items include:

1. Since knowledge transfer, sharing, and exchanging all have “access con-
trol” anddifferent peoplewill get access todifferent knowledge, themech-
anism of access control is a process of accessing the viewer’s knowledge
base. The kaikōrero will consider the following factor of visitors as essential.
Those factors include their knowledge base level, age bands, and previous vis-
its (whether s/he is a waewae tapu, whichmeans newcomer or rare visitor, or
a regular visitor). Meanwhile, gender is less considered a factor. Especially,
kaikōrero suggested the use of age bands instead of addressing specific nu-
meric ages individually. Those bands are grouped as follow:

• Tamariki 0~12 years old;

• Rangatahi 13~25 years old, or extending to 30, typical college student, no
child (in some contexts the tamariki and rangatahi can be merged);

• Pakeke, 25~mid 50s;
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• Kaumātua 55+ and older

2. The visitor’s intention also reflects what knowledge they are after. The
kaikōrero also pointed out that storytelling is mainly towards groups, not in-
dividuals. During the storytelling activity following knowledge level access,
kaikōrero adjust the length and details of the stories they will tell;

3. Another important purpose of storytelling is for reconnection and estab-
lishing whakapapa, or showing hospitality. The kaikōrero mentioned that
theywould like to see the digital storytelling experience as a teaser for return-
ing to physical reconnecting. They would also like to follow the principle of
Manaakitanga (sharing, mutual respect, and hospitality) for the digital ver-
sion of storytelling. It was also brought up that among the visitor groups,
those looking for whakapapa constitute a significant part;

4. Digital tech brings new extra possibilities for storytelling. The kaikōrero
stated their awareness of the necessity to consider digital tech and the young
generationwhile protecting andpassing on their knowledge. They also pointed
out the necessity of considering language and subtitle options when turning
storytelling into digital experiences.

Learnings from the co-design session regarding the storytelling activity are dis-
tilled from the main insights and their supporting statements as follows:

1. In the view of Te Rūnanga o Awarua kaikōrero from Te Rau Aroha marae,
storytelling is a process of knowledge sharing, and a way of knowledge access
control;

2. The kaikōrero use viewer personal traits to determine knowledge access level.
They consider age groups, whakapapa and waewae tapuwith high priorities;

3. For kaikōrero, the storytelling variationwas sharing different knowledgebased
on the listeners’ knowledge access privileges and motivation.

In the preliminary version, a fictional Waitangi Day event commemorated at
the Te Rau Aroha Marae was assumed as the motivation for those visitors in the
persona to be invited to the marae. During the co-design session, new insight into
the motivation and behaviors of the visitors were gained, including:

• Kaikōrero normally face a group of people, instead of individuals;

• Storytelling is a process of knowledge sharing. The personalized storytelling
experience is actually a process of determining knowledge access;
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• Knowledge access rights are not directly observed, but rather determined
by the kaikōrero. A normal visitor to the marae could been given access to
only the generic kōrero (story). However a visitor who has whakapapa to the
marae and had previously been here could be given access to more specific
kōrero such as around tīpuna (ancestors);

• Demographic features are used to determine the visitor’s proper level of knowl-
edge access;

• The visitor’s age band, ethnicity, genealogy, and waewae tapu are important;

• The visitor’s intention is also considered by the kaikōrero for knowledge ac-
cess rights are.

Following these insights, the personas were updated to a new version to represent
a groupwithmixed gender, but homogenous in other characteristics. Several items
and instances were also changed, including the Age bands, Ethnicity, Whakapapa,
First-time visitor, and Intention of visiting, and resulted in 96 combinations in total.
A tree diagram presents all of them, starting from the first feature to the fifth, as in
Figure 6.3.

However, it was impractical to use all the personas. Further observation to the
tree map revealed that some nearby combinations would result in similar inten-
tions. Those similar intentions then led to one single story variation, indicating the
potential of treating them as one persona group. This observation was also fur-
ther validated by the kaikōrero, as stated in Section 3.3. After merging, six group
personas are screened out from the tree as typical representations. The six repre-
sentative groups and how they would cover a series of nearby similar instances,
are presented in Figure 6.4. As group personas, each of them will contain approx-
imately 5-10 people sharing the same traits. The details of those six new group
personas are listed in Table 6.2.

6.3.2 Session 2 - Updating the Personas and More on Oral Storytelling

After the grouppersonas upgrades, the second co-design sessionwas conducted
with the same group of Te Rūnanga o Awarua kaikōrero. The purposes of the sec-
ond sessionwere reviewing the updated personas, validating themotivations of the
proposed digital storytelling experience, and learning more about story variation
strategies kaikōrero use in real life scenarios.
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During Session 2, data analysis results from the first session were introduced,
followed by the updated group personas. The session was also recorded, reviewed
and summarized for key points:

1. Ethnicity In the updated personas, kaikōrero pointed out how the term “mul-
ticultural” refers to a wide range of cultural origins, which is not necessary
information in this context. For the purposes of this project the feature eth-
nicity was updated to a binary option, either Māori or Others;

2. Age bands Although kaikōrero suggested that they do not recommend merg-
ing the groups of Tamariki and Rangatahi, they supported the decision of rul-
ing out Tamariki from the personas design because they would not be able
to use the VR headsets and experience the digital version, and to reduce the
number of combinations;

3. Previous visits In Section 5.3.2, on the updated personas, whether the view-
ers were first time visitors was listed as a key feature, with options of yes or
no. It was clarified by kaikōrero that the idea of never been to the marae (rep-
resented by the optionNo) would not work out, because if onewas listening to
the story (in the real world scenario), s/he must have already been on the site
of the marae and have been welcomed through the pōwhiri process (a cere-
mony that formally welcomes a visitor onto the marae.) Thus s/he would not
waewae tapu anymore. After discussion we decided to change this variable
as Visited before?, then two values, 1) waewae tapu, 2) regular visitor;

4. Whakapapa Kaikōrero also pointed out that the value no on the variable
whakapapa, in the updated personas, is also not an appropriate design. They
explained their world view that everyone, eventually, is connected and can
be included in a large family looking deeper into everyone’s genealogy. Ev-
eryone eventually has whakapapa to the same spot, as they said. It is also a
part of manaatikanga, respecting everyone’s origin and background. In a fur-
ther discussion, according to the kaikorero, the local people who hold man-
awhenua (authority over the land or territory, and people who live nearby or
from a nearbymarae, may share some family connection, to distinguish them
from other visitors. They are more likely to get stories that are very simi-
lar and close. Therefore, “local” and “near” were combined into one group
Manawhenua. Now the variables under whakapapa are simplified to two:
the Manawhenua includes local people and people from nearby, and Ngā
Hau e Whā, which literally means “four winds”), includes everyone else from



6.3. Co-design Sessions - Inviting Listeners into Storytelling Process 121

afar; both Māori and others. Kaikōrero also emphasized that this view about
whakapapa specifically applies to Te Rau Aroha Marae of Bluff; it can be very
different in other marae.

The personas were further iterated and updated, following the feedback and
suggestions about their features and values, emphasizing ethnicity, age bands, pre-
vious visits and whakapapa. The final version of the group personas is presented
in Table 6.3.

Another discussion carried out with Te Rūnanga o Awarua kaikōrero was on
how the content were prepared in their real world storytelling activities (e.g. the
strategy of assembling story segments, as option style A and B, in Figure 6.5). The
learnings from that discussion revealed that the kaikōrero would consider and do:

1. In 90 percent (their estimation) of the scenarios, they would use the cascad-
ing 3-block variation model (style B in the Figure 6.5) and give everyone the
generic version at the start, then a detailed add-on block, and then an in-depth
add-onblock if the visitors are thosewhowill have access to those content plus
time allows. In most cases, only the generic and detailed block were used;

2. For the remainder, where the kaikōrero knows who will be the audience, for
example a wānanga (a seminar or forum held and led by Māori), they will
prepare a special version of the story with in-detail content. Those cases are
relatively uncommon. However they did point out that the Group 4 in the
final version of the updated personas (Table 6.3), would be one of those cases.
Theywould prepare an in-detail extended version of the story in advance. For
group 6, a group of kaumātua visiting for family reconnection, they would
also prepare content in advance.

The kaikōrero also talked about language options. They pointed out that the lan-
guage to use in storytelling is actually decided at the very beginning of the activity.
They will know which language to use within a few moments of meeting the vis-
itors. They also stated that, in most real cases, having a group of Te Reo speakers
visiting the marae is an extensively formal matter. The kaikōrero will no doubt be
aware of the event and prepare it carefully, including deciding to use Te Reo for
storytelling. This is described in one of the special cases mentioned in the previous
paragraph.
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FIGURE 6.5: Two variationmodels for storytelling. In style A, different
groups will get completely different versions of the story. In style B,
every group will start from getting the generic version a, and some
of the groups will get further content depending on who they are and

the context of storytelling.

To sum up, for Te Rau Aroha Marae of Bluff, in most scenarios the kaikōrero
will not decide exactly which version of the story to give in advance, but rather
when facing the visitor groups. However, in some scenarios, maybe more formal
ones, the kaikōrero will prepare the story in advance, as they would already know
who the visitors are, their intentions, and which story will fit for that case. Those
variation strategies were then reconnected to the persona groups in Table 6.3:

1. For groups 1 to 4, the visitors will start by getting a generic story, and maybe
some additional details if time or visitor’s interest allow that. An interac-
tive way can also be used, such as setting up prompts for visitors from the
kaikōrero (as it is in a digital version), and the visitors themselves can decide
if they want to continue into a detailed version story;

2. For group 5, it is more like a specific case, because as their visiting is impor-
tant, the kaikōrerowill be aware of that in advance, and also prepare a specific
story in advance;
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3. For group 6, where the group of kaumātuas’ intention is looking for family
reconnection, the kaikōrero know that they will give a more detailed and in
depth version story for this case.

Up to this point, part 1 of RQ3 in Section 1.2, asking the key features kaikōrero will
consider in personalized storytelling and the variation strategies they will apply to
the content, has been discussed, clarified, and hence is answered.

6.3.3 Extra Reflections after the Co-design Sessions

It is learned from the previous analysis that in the Māori world view, story-
telling is a process of reciprocal knowledge sharing. The process of personalization
of storytelling then determines the viewer’s knowledge base level and access level
to knowledge. In a kanohi ki te kanohi (face-to-face) scenario, the kaikōrero also
gets feedback from the visitors in the interactions, and will gain an understanding
of the visitor’s characteristics during the storytelling. In contrast, since the telling
and viewing/listening of the stories are two separate stages in the digital experi-
ence, such real time reciprocal exchange is not available. However the importance
of having information flowing from the visitors to the kaikōrero was still acknowl-
edged. Thus the personas are used as instruments to bridge the telling and viewing.
For kaikōrero they are references when telling the story. For the system they are
the channels of collecting information from the visitors during an adaptation stage
in the viewing experience, before the actual story starts.

A difference in where the visitors are placed in such activity was also noticed,
between the traditional context (or say western context) and the Māori context.
As stated in Chapter 2, the story content in those traditional contexts, such as in
the GLAM (galleries, libraries, archives, and museums) sector, is customized and
altered based on the visitor’s behavior, intention, and preferences. The system re-
constructs itself to deliver the content that fits the visitor’s needs. However, in a
Māori context, storytelling is a bilateral process because it is a process of knowl-
edge sharing and exchanging. The storyteller (kaikōrero) has the authorial control.
S/he accesses the knowledge level of the visitor, determines which knowledge is
suitable for him/her and matches the “access level”, then that knowledge is shared
to the visitor via storytelling. Therefore, it is important to point out that, withMāori
storytelling, the personas are references for the storyteller to presume such knowl-
edge access level, during the recording stage of the digital storytelling, since in this
form the content preparation and the actual consumption of it are separated stages.
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This is a departure from the assumption of typical user representatives and design
anchors familiar in modern design workflows.

Moreover, the motivation of using the digital experience for storytelling with
kaikōrero Māori was also revisited after the sessions and persona modifications.
The digital experience is proposed to be delivered based on a virtual stage where,
because of the distance or travel safety, those groups of visitors are unable to visit
the BluffMarae now, andwould like to first experience the storytelling in the digital
form (such as CVR). Such experiences are expected to help future virtual visitors to
have some initial experience, and will be more likely to one day come to Bluff, visit
the marae and listen to the stories face to face with the kaikōrero.

6.4 Content Preparation and System Implementation

For this case study, stories about the whānau wall were captured inside the
wharenui of the Te Rau Aroha Marae in Bluff (Figure 6.6 shows a behind-the-scene
view of the capture work, including the whānau wall, the kaikōrero, and the 360-
degree camera). To create a personalized storytelling experiencewith viewer inter-
action included, a series of footagewas captured comprising the storytelling guided
by personas. Transitional content such as the introduction, welcoming message,
and transitions between blocks to make the experience more fluid were also cap-
tured and included in the footage. The following sections will describe them in
detail.

A kaikōrero did all narrations for the content from the marae. During capture,
the choice of language for storytellingwas determined by the kaikōrero. Theywere
free to use Te Reo (the Māori language) whenever they thought it necessary. Te
Reo could also be used in stories whose major language is English, when certain
expressionswereneeded. The kaikōrero could also choose to tell someof the stories
entirely in Te Reo, such as those intended for kaumātua, Māori (special cases 5 and
6).
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FIGURE 6.6: A behind-the-stage photo showing the capture work at Te
Rau Aroha Marae in Bluff. It shows the kaikōrero conducting the sto-
rytelling in front of the whānau wall, in side the wharenui. On the
wall and other panels around it also filled with carvings and weav-
ings that tell different stories. The 360-degree camera is placed near

him, recording everything in the scene.

During early co-design sessions, the kaikōrero stated that they would (most of
the time) use a 3-segment model to tell stories (see Section 6.3.2), but using only the
generic and the detailed segments in this project. The decisionwasmade because 1)
kaikōrero expected the digital experience would not completely replace the physi-
cal visit thus it shouldnot cover all story content, 2) time and resourceswere limited
in this project. The kaikōrero also stated the Special cases 5 and 6 would be outside
the 3-segment model. Those two stories were recorded separately.

Figure 6.7 summarizes the content segments captured. In general, correspond-
ing to the MS&Tmodel, a story will have either one generic segment and a detailed
segment or only one segment (for special cases 5 and 6). Personas 1 to 4 will lead to
four takes of each segment. In total there were four generic stories, four detailed
stories, and two special stories. The generic segments were designed to be 1-2 min-
utes, and detailed segments to be 2-5 minutes long. For personas 5 and 6, their
generic segments were 8-10 minutes long. Between different visiting groups (per-
sonas), different disclosure strategies were expected to be used by the kaikōrero.
This could be either the same story told in a different style, or a slightly different
story but under the same topic. Since on the whānau wall there are sub-threads
and sub-segments, where different stories can be extracted and assembled from it,
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the choice of which sub-stories to tell was given to the kaikōrero themselves.

FIGURE 6.7: The detailed capture plan, showing how the generic seg-
ments, detailed segments and two in-depth segments are arranged
around the six visiting groups. There are also welcome messages
and ending messages captured and attached to the main content seg-

ments.

At the scene, all content was captured with an Insta360 Pro 2 360-degree cam-
era, at its full resolution of 8K (7680 x 3840) at 30 fps, with HDR on. The camera
was stationary in all scenes. Those footages were later downgraded to 5K (5120
x 2560) during the stitching phase, using the Insta360 stitcher. The camera was
mounted on a tripod so the viewpoint was fixed in each segment. As shown in
Figure 6.8, the positions of the camera and the storyteller were carefully chosen
following the Triangle-system (see Section 3.1), from the content creation guideline
of the APC framework. A separate remote lapel mic was used to ensure the au-
dio captured from the kaikōrero was clear at anytime, while allowing him to move
around andmake gestures. Before the capture started, one of the six personas was
presented to the kaikōrero. The personas were printed on paper, listing all the key
features from Table 6.3, plus a group photo collected online matching the persona
features, as shown in Figure 6.9. The kaikōrero was instructed to take a few min-
utes to become familiar with the persona, looking at the key features, imagining
the group described on the paper were actually coming to visit so he could prepare
a story for them. The process was repeated for each group persona, until all was
completed. Each story for every persona group was recorded as a single video clip
when captured (generic and detailed segments combined as one clip). However,
the kaikōrero was instructed to stand still and leave blanks between the generic
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and detailed story intentionally. The clips were then post-processed by cutting into
two clips at the still part.

FIGURE 6.8: The spatial arrangement (topdown view) of the 360-
degree camera and the storyteller in front of the whānauwall. Notice
it follows the Triangle-system presented in Section 3.1 so the viewer
can later see both the storyteller and the wall and follow storyteller’s

gestures easily.

6.5 System Development

The system to control and present the recorded 360-degree videos was devel-
oped in Unity 2020.3.36f1 and runs on a laptop with i9 CPU and RTX3080 graphic
cards to ensure the smooth playback of the relatively high resolution 360-degree
footage. The captured footage were first numbered and loaded into the content li-
brary of the system, being the customized content. A user interface was then added
for the viewers to choose which visiting group s/he belongs to, as shown in the
screenshot in Figure 6.10.

The case study is designed to investigate whether the implementation of per-
sonalization will make a digital experience more appropriate in the Māori cultural
context. The accurate collection and matching of viewers to their persona groups
was not in the scope of the study (see Section 6.2). Therefore the system was built
without a module for persona matching. Instead, the kaikōrero who would join
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FIGURE 6.9: The printouts of the personas used both in the capture
stage and the evaluation stage. Each printout shows a group photo
of virtual visitors on top, representing that group persona. Their key
features from Table 6.3 are listed at the bottom. There are six in total.

the evaluation sessionwere presentedwith a simple prototype systemwith six per-
sonas printed on paper. The prototype system was deployed on a Oculus Quest 2
headset with only the right-hand controller. A ray cast pointing method was im-
plemented for the viewers to choose a visiting group from the six and proceeded
to watch the corresponding 360-degree video (Figure 6.10). Noteworthy that in the
UI, the texts under the photos cover only their age group, whakapapa, andwhether
first time visiting, due to limited space on the canvas. However the full details of
each group persona were printed and described on paper (Figure 6.9, notice the
photos and their arrangements are identical between the screenshot and the print-
outs) and were provided to the kaikōrero at the beginning of the evaluation stage
(see Section 6.6).
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FIGURE 6.10: A screenshot showing the personas selection panel. The
virtual representation of the controller and the ray cast are also vis-
ible in this screenshot, as the white stick and the red ray. Although
the screenshot was taken from the PC running the VR system, it rep-
resented the first-person-view of the VR viewer. The texts and digits
on the left upper and lower corners are visible only on the laptop for
reference purpose only. They are not visible to the viewer wearing

the HMD.

For the first four persona groups (1 to 4), a two-part story structure was used,
with a branch at the end of generic segment to determine how the experience will
flow, as explained in Figure 6.11. While watching, the viewerwill be first presented
the generic segment. In a viewer’s eye, the system pauses the video at the end of
the first segment and turns on another panel asking if the viewer would like to
continue to hear more story (the detailed segment), or end the experience there
(as shown in Figure 6.12). If the viewer chooses to continue, the detailed segment
will be presented. Otherwise, the system will reset the video player, remove the
existing panel, and show the persona panel again (as shown in Figure 6.10).

6.6 Evaluation

Onenoteworthy observation from theprevious study is that the complete struc-
ture of the contents was not visible in the eyes of the viewers. Each of them could
only see just one disclosure of the story. The viewers did not know that the se-
quence of how segments are presented was adjustable and each of their behav-
iors during the experience was involved in determining which disclosure was cho-
sen for a specific case. It was assumed that end users may be unable to perceive,
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FIGURE 6.11: A flow chart showing how a viewer can go through the
experiencewith a branching point in themiddle, between the generic
segment and the detailed segment, for group personas 1 to 4. In the
case shown, the generic segment and detailed segment connect to the

persona 2 were chosen.

compare and then evaluate the variation betweenmultiple story disclosures unless
they are explicitly told and exposed of the backstage mechanisms. However, that
would require the viewer to revisit the same story several times and try on a se-
ries of versions, which introduces significant uncertainty to the impression as the
novelty factor comes into play with the repetition. Thus the focus of this case study
shifted to the storytellers instead of the viewers. In this evaluation, the novelty
factor was removed as kaikōrero were all well versed in storytelling and familiar
with most Māori story content, especially those originating from the marae they
all have whakapapa to. To explore the appropriateness of the digital storytelling
system on replacing kanohi ki te kanohi storytelling, the evaluation compared the
characteristics of the digital system to the oral storytelling activities, from Tikanga
Māori that they all hold.

6.6.1 Method

The evaluation was conducted as a group session, kanohi ki te kanohi, on-site
in the wharenui (meeting house) at the Te Rau Aroha Marae in Bluff, New Zealand.
That session had three phases; the briefing, the experience, and the debriefing
(group discussion). The phases of the process and the questions for the group dis-
cussion were both created in a way that beganwith open and informal talks before
moving on to funnel the discussion towards the important factors anticipated to be
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FIGURE 6.12: A screenshot of the panel between the generic and de-
tailed segments, for group personas 1 to 4. Although the screenshot
was taken from the PC running the VR system, it represented the first-
person-view of the VR viewer. The texts and digits on the left upper
and lower corners are visible only on the laptop for reference purpose

only. They are not visible to the viewer wearing the HMD.

pushed through evaluation, both ofwhichwere inspired by the approach fromKriz
et al. [74]. During a briefing phase at the beginning, the digital storytelling system
and its feature of personalizationwere introduced, followed by the use of personas
and how the content were captured. The motivation for developing such a digital
system and the purpose of running the evaluation session were also explained. Fi-
nally the use of the VR headset, the controller, and the digital system itself were all
demonstrated.

During the experience phase, four kaikōrero rotated to use the digital story-
telling system wearing an Oculus Quest 2 HMD. After putting on the HMD, each
viewer got to choose two group personas from the menu and watched the content
prepared for those two personas. It took 15 minutes for each viewer to go through
the experience. While one kaikōrero was using the HMD, the laptop connected to
the HMDmirrored the VR view to a monitor nearby, so the others were able to fol-
low the viewpoint and discuss freely. This non-immersive exposure was specially
designed for this evaluation to give users pre-exposure to the experiencewhen they
were not actively participating, so conversations and thoughts would start to for-
mulate during the experience phase. It was also easier for the kaikōrero to talk
about their thoughts and feelings when moved onto the debriefing phase, and cul-
tivate an atmosphere of free discussion since they had seen how others were doing
and had a certain amount of communication beforehand.
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After all the kaikōrero had tried the experience, they were first instructed to
freely talk about their feelings and thoughts on the digital system, then moved on
to a semi-structured interview, guiding the discussion towards comparing the per-
sonalized digital storytelling experience with their knowledge of storytelling face
to face in the real world. The conversation during the interview was recorded
and then transcribed using an online tool, andmanually adjusted to correct Te Reo
Māori words and expressions. During the interview, two key questions were:

• Now imagine that one of the visiting groups you selected during the experience
is actually going to visit the marae, and you will tell a story to them face to face.
At the last moment, however, they need to cancel their visit because one group
member tested positive on Covid. How viable do you think the digital version
you just experienced is to use in place of the physical visit for this group? Is this
an appropriate replacement?

• What do you think is necessary to be added or improved in this digital experi-
ence, for it to be actually put into use in the marae, such as a setup for virtual
visiting?

Other flexible questions helped the interviewflowing, aswell as the open questions
at the end for extra suggestions, are not explicitly listed here. Opinions and feed-
back from transcription were then summarized into four main aspects, presented
in next section.

6.6.2 Results

Impression of the CVR experience. All kaikōrero stated that the immersive
medium (watching 360-degree video via an HMD) gave them a better experience
than conventional media such as TV or mobile phone. They pointed out that the
immersion CVR provided gave them a feeling of standing there with the storyteller
at the scene while listening to the stories, such as “...what I particularly liked about
that 360 experiences sort of [you] sit there and I actually sat there and really listened
to [the stories]..it makes sense as if I am really there...”. The kaikōrero all stated
that they paid much more attention to the content presented in CVR, compared to
similar content presented via other types of media such as photos, books or video
recordings. One example would be from one interviewee he said “I find myself it’s
really really difficult to watch a static [flat video], like even on Zoom, and you are
getting zero feedback...but here you get the feedback on face expression and body
movements and the environment...”. Such attention difference were not expected
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by the kaikōrero since they all thought they were already familiar with the con-
tent. Additionally, the fact that the stories were recorded in situ (in this case, in
the wharenui where the kaikōrero is describing its carved and woven walls and
the stories on them), further helped on enhancing the feeling of spatial presence,
as one of the interviewees pointed “I learned heaps on all sorts of all sorts of con-
tent was just so interesting...it was relevant and regarded in that virtual reality, he
(referring to the storyteller) actually had things to show us. So that cemented the
knowledge that he was talking [about]...”.

Other than that, because the recording happened at the scene, the storyteller
could at the same time interact with the objects being mentioned, such as point-
ing to and touching the walls. In the viewers’ eyes, this also helped to increase the
realness and the feeling of being there with the storyteller, mentioned as “...was
the art one (group 2) where he was actually interacting with the wall and touching
that thing, stroking the different parts and then pushing on the bits and he was ex-
plaining...” and “for an art class (group 2), it is glad to see specific patterns/art being
explained in their original context location”. All those are not achievable in an audio
recording or conventional 2D video.

One extra thing to point out is that they also discussed how the host talked to a
virtual visiting group, instead of just an individual visitor. This observation came
from the fact they looked at how the storyteller in the scene did not stare at the
camera all the time, but instead acted as if there was a group of people, scanning
evenly on all the virtual viewers there, across the camera, like one of from the inter-
view said “...he (the storyteller) was looking at all the different people who potentially
there and you are one of a group...” and “...in that virtual world, I think I only saw
him looks at me two or three times, but everybody else and his gaze until he looked
at the camera straight away...”. Such observation inspired new thoughts on the use
of Action Units, which will be touched later in the discussion section.

Impression of the characteristic of personalization. All kaikōrero who ex-
perienced the digital storytelling systemwere aware of the characteristic of person-
alization. They all noticed the storyteller’s variations when presenting the story to
different viewer groups. They think it is an excellent opportunity to see how the
knowledge in the stories is structured and stacked differently from one to another,
like one of them put that “..a really good thing I noticed about it is that you could
actually stack up different users..and if they could group the content according to
that...”. By cross-referencing the personas and the key features listed, they noticed
the variation and re-constructing of knowledge from one group to another was
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mainly brought on by the differences in ages and visiting intentions of the groups.
They especially noticed the relatively obvious change in the topic and theme of the
stories from group 2 (a group of young art students) to group 4 (Army veterans
visiting on ANZAC day).

Realness of the experience and the use of personalization. The feedback on
whether the digital storytelling experience is more similar to a kanohi ki te kanohi
experience, after the introduction of personlization, was mainly considered after
asking the first question listed above. The kaikōrero’s discussion included the fol-
lowing points:

1. Their foremost opinion of the digital experience was that it could not be used
as a total alternative, because the physical visit is more than just storytelling.
As one of the kaikōrero put during the interview that “visiting a marae is
more than listening to kōrero (story) in the wharenui, there are other experi-
ence...when people come to the marae you offer them the kai (sharing food to-
gether), the pōwhiri (calling onto themarae and formalwelcomewith speeches),
the chatting, etc. You offer them the full experience...This (referring to the digital
storytelling) is only part of the experience...”. In the eyes of the whānau (fam-
ily, which in this conversation refers to the people from the marae), welcom-
ing people visiting themarae is about showingmanaatikanga (hospitality, the
cure for people) and building whanaungatanga (the connection between peo-
ple) between the visitors and the hosts. They do not think this can be achieved
simply by letting visitors put on an HMD and go through the digital system.

2. The kaikōrero also expressed that telling stories face to face is a default sce-
nario for them. In the Māori context, storytelling is a reciprocal sharing pro-
cess of knowledge. This means that while the storyteller is telling a story to
the visitors, s/he is also learning from the visitors. The visitors can also share
different opinions, ask questions, challenge the authenticity of a story (as one
story will have different disclosures and versions between different iwi and
whānau), and interact with the storyteller. Such interactivity was also seen
as the process of building connection before knowledge sharing, like one in-
terviewee put “..started to talk about that connection...connection was pivotal
before we can even get the content. So the tikanga of that is required to come on
to the marae is going to be part of the learning experience as well, not just the
fact of content that [storyteller] has given us...”. Until interactivity is available
in the digital experience, they do not think it can be a complete alternative to
the physical experience.
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3. A partial replacement is possible. Because the system is designedwith person-
alization features, the digital system can provide appropriate content to vari-
ous visiting groups, such as school and community groups (which are the two
types that happen quite frequently, making up to eighty percent of the regular
visits). They think it can be used as “one of the many ways to share knowledge”
and can replace at least the activity of giving the visitors basic Māori kōrero,
such as the story of how Ranginui (the sky) and Papatūānuku (the earth) were
separated by their children. It was highlighted in the interview as well, e.g.
“...then someone say for example, [name hidden] who has been here for the first
time and it has given the overview kind of story (generic version)...” and “..en-
sure that they (the kaikōreo at the marae) were not overburdened [with] these
types of [storytelling] and get the concern out of the head as well...”. Using a dig-
ital storytelling system would help to relieve the Kaikōrero from the burden
of repeating the same generic story to each visiting group, and allow them to
focus on telling stories with detailed content tailored to the specific groups.

In sum, the kaikōrero believe the introduction of personalizationhelped to improve
the feel of realness and content flexibility of the storytelling experience, and that
it would be appropriate to use such a digital system as a part of the marae visiting
experience for the guests. However, they would not like to propose replacing the
physical visiting experience with the digital one. While they believe the physical
visit to the marae is a unique experience showing their manaatikanga and build-
ing whanaungatanga with people, they did admit that the digital system could be
applied as a parallel option to deliver generic and entry-level kōrero to a wider
group of visitors, especially in the time of pandemic or where people are scattered
in distant locations.

Interaction capability as a viewer during the experience. The kaikōrero
feedback converged on viewer interaction during the storytelling experiencewhen
asked about future upgrades they would like to see in the system. When asked
about the reason behind it, they stated that in Tikanga Māori they treat the story-
telling activity a type of bilateral interaction, with viewer involvement in multiple
factors, including the pace, topic and one thing unique to their culture, challenging
the storyteller. The kaikōrero started by listing the interactions they would like to
see between the viewer and the storyteller/host, such as being virtual viewers, they
would like to be able to interrupt the storytelling process, raise their hands, as ques-
tions, or push the topic towards something they would like to see, e.g. “...when he
(the storyteller) was talking aboutMāui (the great hero inMāorimythology) and then
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his brothers on one of the carvings Iwanted to say ‘wait, talkmore aboutMāui...”’ and
“..like he touched on the Tukutuku panels (a distinctive art form of the Māori people,
a traditional latticework used to decorate meeting houses) with the art students...he
talked about the different materials, how the colors were made...there could be peo-
ple want to pause and ask follow up questions around around the specifics...”. These
observations all show that they are comparing the personalized digital storytelling
experience with a real life one and trying to have the capabilities of a physical real
visit experience. One unexpected factor mentioned was the change of the height
of the camera. Especially for the children’s group, the kaikōrero pointed out that
in a marae visit (physical one), it is common for the children to sit on the floor and
look at the kaikōrero. Such a scenario was not considered in AUs or phase one of
the APC, as maintaining the camera height at eye level was initially recommended
in the APC guidelines.

Updates to the AUs were again mentioned. Since the content used in this study
is kōrero about the wall carvings and weavings, the kaikōrero also mentioned that
they would like to see visual cues (e.g. highlight different zones of the wall, show
text prompts) assisting them to quickly identify which part of the wall was cur-
rently being introduced by the storyteller. Since AUss were used during capturing,
a follow-up question was asked to see if the viewers noticed the storyteller was
using pointing gestures to help them locating the ROI. The feedback indicated that
they thought the gestureswere insufficient in such a scenario, especiallywhen they
turned to look at the wall. When the storyteller was not visible in the FOV, they
could not follow the pointing gestures and got lost.

They also talked about the necessity of controlling the time length and pace of
storytelling. For some groups, such as the rangatahi (children and young youth),
ten minutes or more would be too much for them, especially for a passive learning
style. But the kaikōrero added that since the system has enabled self-control over
the pace, it could mitigate the issue of time length over visitors’ attention span.
This additional interaction feature would allow the viewer to choose whether to
stop after a generic segment or continue listening to a detailed version of the story.
Other than that, since it will be a self-guided tour style, if implemented, a pause
function would be favorable in case the system user is interrupted by something
else. It was later treated as a non-optimal option since philosophically the CVR is
still believed to be more like an immersive experience of virtually visiting a place,
instead of watching a clip of omnidirectional video. Adding a video play function,
such as pause, may lead to a break of presence, as it signals to the viewer that s/he
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is watching a recorded video.

6.7 Discussion

The APC and its two components were introduced in Chapter 5. In this person-
alized storytelling project in theMāori storytelling context, both components of the
APC have been put into practical use. In this discussion section, three topics will be
introduced to reflect all steps throughout the case study, from content preparation
to system deployment to evaluation. Those topics are:

• The use of immersive content with APC for Māori storytelling;

• Adaptation of APC to appropriately tell a Māori kōrero in digital media;

• Modifications needed for the APC framework.

6.7.1 Using CVR with APC for Māori Storytelling

The appropriateness of fitting Māori storytelling into the APC framework in
terms of applicability was determined in the early co-design sessions that on the
one hand, the content of this project would be in the form of 360-degree videos
and the topic would be cultural-heritage oriented. The storyteller would be visi-
ble in the scene, and content creation guidelines from the APC would be applied
during the content capture, including the spatial arrangement of the camera, the
storyteller and the key objects in the scene guided by the Triangle System (see Sec-
tion 3.1), the use of AUs (see Section 3.2) by the storyteller during capture, etc. On
the other hand, viewer participation in the storytelling process was also carefully
considered and implemented in this project. The viewer interaction guideline from
APC recommends that content creators have a plan about the viewer’s role in the
story and her/his capability and involvement in the story in advance when com-
posing the storytelling experience. Following this recommendation, several discus-
sions and co-design sessionswith kaikōreroMāoriwere conducted aroundwhether
the technology of CVR could be used for Māori storytelling, under the guidance
of APC. During those discussions, the group focused on the role of a viewer in a
real-world storytelling scenario and talked about how the viewer participates in a
storytelling process in the Māori context.

During the production stage, the APC was used as a key guideline, helping the
kaikōrero and me to decide the locations of the camera and the storyteller, and
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applied AUs when telling the story. The viewers’ impressions of the content, as
described in the Section 6.6, have proved that the stories captured in the form of
CVR, under the guidance of APC, are usable and effective. The kaikōrero who re-
viewed the system also liked the design where the viewer could choose whether to
move onto a detailed segment or stop the experience after the generic segment was
completed. They thought this choice gives the viewer a control of the pace and the
amount of time s/he will need to invest into this experience. One can conclude that
the design of giving viewers self-control to some aspects of the storytelling process,
which was highlighted in the second part of APC, is also effective in this case. In
summary the digital storytelling system (CVR content producedwith APC guidance)
is usable and effective in Māori storytelling, as an immersive medium for sharing
of knowledge in the sector of cultural heritage. It also answers the part 2 of theRQ3

listed in Section 1.2, proves that a digital version of personalized storytelling can
give viewers a similar impression of storytelling physically face-to-face.

6.7.2 The Adaptation of APC For Cultural Appropriateness

AlthoughAPC can be used as a guideline to produce a CVR experience forMāori
storytelling from this case study, its utilization by Māori people (who are the stake-
holders and the owners of their storytelling and mātauranga (Māori knowledge))
and its appropriateness requires further exploration and inspection. In this sec-
tion, part 3 of the RQ3 listed in Section 1.2, i.e. whether a personalized CVR experi-
ence be an appropriate tool for Māori storytelling, is also answered.

The first step was the employment of personalization into APC. From the co-
design sessions (see Section 6.3.2) it was already clear that in a Māori cultural con-
text the notion of listeners also participating in the storytelling process is different
from the implementation envisaged during the user study for APC (Chapter 4). In-
stead of referring to a viewer’s specific input, such as gaze or gestures, kaikōrero
Māori look at viewer participation at a higher level. They treat the process of story-
telling as away of reciprocal sharing of knowledge (mātauranga). While the viewer
is learning knowledge from the story presented by the teller, the teller is also gain-
ing new understanding and thoughts from the feedback from the listeners. They
believe that the viewer’s personal traits will, from the beginning, influence how the
storyteller is going to present the story, such as the choice of what content segments
to use around a given topic. Such influence also moves on into the storytelling pro-
cess. The storyteller will dynamically adjust both the content choices and the style
of disclosure of a story based on the viewer’s response and feedback. The viewer
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will also show various attitudes towards content segments based on the teller’s per-
formance and skills.

Thus, in this case study, the viewer interaction design guideline is employed
and customized for Māori storytelling context. Instead of using the viewer’s real
time input or gazing activities, the personal traits, through personas, were used to
emphasize viewer participation in the storytelling. Generally, the APC is not only
employed in this project, but also modified to adapt to the unique Māori cultural
context of the project. It was also learned that acknowledging the differences be-
tween listeners (visiting groups) is a key factor in Māori storytelling activity in the
physical world. With the motivation to provide a digital alternative for scenarios
when remote whānau members cannot be physically at the marae but still wish to
experience a story, the viewer interaction design guidelines from the APC frame-
work were employed during implementation and we chose to implement viewer
interaction in the form of personalization, from which different types of viewers
of the same story will have a slightly different experience and feel the story was
tailored specifically for her/him.

The kaikōrero’s thoughts on the characteristics of personalization of the digi-
tal experience were especially highlighted during the evaluation, in order to learn
whether this characteristic (comparing to other pre-recorded storytelling experi-
ence) had contributed to making kaikōrero think that the digital storytelling sys-
tem is appropriate enough to be used as an alternative when physical face-to-face
storytelling is not viable.

Referring to the MS&T model in Section 6.2.1, the content in the digital system
are treated as a bundle of several parallel takes as a dynamic structured system.
The kaikōrero were aware of the variation from one version of the story to an-
other, introduced by the different visiting group personas. On the perspective of
usability, they thought it could be a good example of involving the visitor (viewer)
in the storytelling process, following Tikanga Māori, in which they regard the ac-
tivity of storytelling as an activity of reciprocal knowledge sharing the interaction,
plus sharing corresponding knowledge to a given visiting group.

The implementation of personalization also means creating customized con-
tent, inwhich the local kaikōrero are actively involved. It is away they prefer to see
as the topic letting the one who knows the story well to tell the story, and tell it appro-
priately to the viewer is attracting substantial attention among the Māori commu-
nities, indicated by the statements from the interview such as “...when preparation
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for class materials one of the requirement is we want the content to come as local-
ized...for a content here [Bluff] youwould like to have someone fromdownhere to talk
about it...”, “...we also need to go into the local marae and ask the knowledge holders,
ask them what type of mātauranga they would like to share and how they want to
share it...” and “...because it is the content of mātauranga that the local marae would
like to share and they are sharing it [being] really vibrant and different...”. That feed-
back points toward the assumption stated in the beginning of this chapter, that the
implementation of personalization, letting visitor types trigger different versions
of stories, is also a type of viewer (visitor) involvement in creating and delivering
stories. It is safe to say that the APC guidelines had been successfully adapted to
the cultural backgrounds and unique Tikanga Māori in this case.

However, if one looks deeper into the use of the digital storytelling system
powered by APC guidelines in the realm of cultural knowledge transfer, especially
from the perspective of kaikōrero Māori, several outstanding observations would
emerge. The digital system used here succeeds from themerger of APC guided CVR
content with viewer involvement in the form of personalization, and was proven
to be at least usable and effective. However, when it comes to whether the digital
storytelling experience can be used as a replacement for a physical storytelling ex-
perience at the marae, the kaikōrero’s opinion turned out to be unexpected. In a
short version, they found the digital experience can have its place at themarae, but
is definitely unable to replace the physical face-to-face visit. This is because in the
Tikanga Māori context, a visit experience to the marae is more than just visually
looking at the buildings and carvings or audibly listening to a story; there are other
activities that have to happen face to face physically. It was not the first time the
kaikōrero talked about using a digital tool as a pathway to physical visits. During the
the co-design discussions before capturing the content (see Section 6.3.3), kaikōrero
also described their expectation of the digital experience acting as a teaser or pre-
view, and bringing people back to the marae later. The Kaikōrero all commented
that the digital experience should not be a replacement but an extra way to deliver
some content. One of the significant concerns they showed towards the digital sto-
rytelling experience was that if this digital experience becomes available someday
in the future, it will stop people from visiting the marae physically. Although they
agreed on the point that with the introduction of personalized content the digital
system can capture and deliver the kōrero deemed appropriate for each visiting
group, the kaikōrero would prefer to see the digital storytelling experience co-exist
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with physical visits. They would like the digital storytelling experience to help at-
tract more people willing to visit the marae physically, instead of replacing it. Be-
sides, the digital experience can also serve as an entry level crash course for the
visitors to gain a basic understanding of the kōrero and tikanga Māori. When they
later move on to the physical face-to-face storytelling with kaikōrero, the latter will
know that those visitors have a certain background knowledge because they had
gone through the digital experience. It also helps kaikōrero access the knowledge
level of the visitors, to avoid giving the basic kōrero to all groupswhile not knowing
which group needs it and which does not.

We should also realize that the use of personalization and narrative variation
in this CVR case study is the central focus of exploration towards the APC frame-
work. The viewer’s participation in the storytelling process is moved beyond the
simple temporal succession (which was discussed in the original form of APC in
Section 5.3.2) with personalization enabled. It is now at the level of alternating
the disclosure of the content. The assembly guidelines are extended beyond just
viewer-interaction design. The co-design sessions also explored themost appropri-
ate method to use predefined personas to help storytellers bring variation into the
presentation and capture the customizable content. It adds to the content creation
guidelines for CVR creators. In sum, this case study validates the APC to be usable
in Māori storytelling. It also illustrates that adaptation and careful consideration
are necessary when using the APC for different storytelling scenarios. More im-
portantly, creators also need to learn from the stories’ owners and the authentic
people where the stories come from before finalizing the design of a CVR experi-
ence, to ensure its appropriateness as a digital tool before handing it over to the
end users.

6.7.3 Inspirations for the APC Framework Upgrades

Moving from viewer interaction design (part 2 of the APC guidelines) back to
immersive content production guidelines (part 1 of the APC), one could summarize
that both the Triangle System and the AUs applied in this project were effective.
They helped the viewers acquire the natural feeling of being in the virtual scene
with the kaikōrero. However, the variable camera height is a new factor inspired
by this study with the kaikōrero discussion. In the original guideline, it was recom-
mended to set the camera height to match the eye height of the storyteller/host (see
Section 5.3.1). In common daily scenarios, the eye height of every participant stays
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the same. But as the kaikōrero pointed out, the marae visiting scenario is quite dif-
ferent from those above. They would like to manually set the camera to different
height levels to accommodate different visiting groups, to influence or mimic the
relationships between the kaikōrero and the visitors during the storytelling. One
example will be the content for rangatahi (youth) visitors should be captured with
the 360-degree camera placed lower than normal, closer to the floor. Because the
young visitors normally sit on the floor in a real world scenario, so they should also
have a lower POV in the digital experience to match the real world experience. It
is also believed to be an essential factor to consider when applying the APC frame-
work to an actual cultural-heritage-oriented case.

The feedback on the ineffectiveness of AUs when the kaikōrero is not visible
in the viewer’s FOV matches the limitation of AUs mentioned in Section 3.5.3. One
solution is adding extra visual cues constantly visible to the viewer to make the
AUs more effective. In future content capture tasks, it is also practical to teach the
storytellers to maintain their pointing gestures longer than what they would nor-
mally do in physical face-to-face scenarios. So in case the viewer looks away and
missed the gestures once, s/he can turn back to the storyteller to pick up the guid-
ance again. Discussion on AUs also brought attention to the application of group
settings of Māori storytelling into the digital experience. When capturing the con-
tent, a group visiting scenario was used to match how kaikōrero would normally
tell stories. It introduced changes to the use of AUs such as instead of maintain-
ing eye-contact with only the camera, the host needs to look towards left and right
sides of the camera, pretending there are more than one person (the viewer) in
the scene. The APC guidelines still apply if a group of people is actually present
on site (although this did not happen in this case study), with the 360-degree cam-
era placed among them, making the viewer feel like s/he is one of the group when
watching. However, a group setting was not applied to the viewer’s side. In this
study the viewer still watched the content via a HMD as an individual experience.
The scenario of watching the same CVR content together with multiple audience is
beyond the scope of this study. Works done by other researchers showed that ex-
tra functions and new technologies will be needed to accommodate a multi-viewer
scenario [70, 142].

Suggestions on the need to give viewers control over time and pace were also
mentioned in the feedback. They also expect more explicit visual cues to be added
as assistance to the AUs implemented by the human character in the scene. Those
have been already explained in Sections 4.6.1 and 4.6.2. It will be further discussed
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in Section 7.3 as potential future work on both the two parts of the APC framework.
Overall, this case study highlights the adaptation of personalization into CVR

and the evaluation of its appropriateness for being used as a storytelling tool for
the marae. First, the co-design sessions with the kaikōrero gave a clear and abun-
dant look into what factors they consider when telling a story to visitors, plus how
they think about the activity of storytelling itself. It led to the formulation of the
personas as a tool for digital storytelling variation. Second, although the visiting
group personas were used as a tool to help guide the kaikōrero to prepare story
content before actually telling them, a few processing mechanisms behind it re-
main unknown. Those unexplored mechanisms include how different knowledge
blockswere chosen, assembled anddisclosed during the storytelling, howdecisions
about story variations were made and how those variations were managed. Third,
as stated above, the digital version can be used for immersive storytelling and get-
ting visitors to know some basic kōrero of the marae, but remain far from, and
probably never will replace, the physical face-to-face experience.

6.8 Conclusion

The personalized immersive storytelling system was implemented using the
APC as its guidelines, with Māori storytelling as its context. At the beginning of
this project, several co-design sessions were conducted with kaikōrero (Māori sto-
rytellers) about storytelling with personalization to elicit the key factors most im-
portant for tailoring content toward different visiting groups. During the sessions,
personaswere chosen to present different types of visiting groups. Using the knowl-
edge learned during the co-design sessions, six personas were then made, repre-
senting six different types of visiting groups. The personas were reviewed by the
kaikōrero and adjusted before settling on their final versions.

After the co-design sessions, I physically traveled to themarae that the kaikōrero
have whakapapa to (are genealogically connected to) and conducted phase two of
the project. There, two of the kaikōrero telling stories about the whānau wall were
digitally captured using 360-degree videos. During the capture, six personas were
used to guide the kaikōrero (who told the stories) to imagine scenarios in which
they would prepare and tell the story to each of those groups visiting the marae.
This led to six versions of the story, corresponding to the six personas. The captured
content was then loaded into an immersive storytelling system in a VR headset.
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In an evaluation session, a group of kaikōrero were first asked to select a vis-
iting group and watch the version of the captured story linked to it. When all
kaikōrero invitedhadused it, a groupdiscussionwas conducted in a semi-structured
interview format, inwhich they evaluated the appropriateness of this system. Open-
ended questions were used to explore the digital nature of the experience com-
pared to the face-to-face experience, and the variations based on visitor type. The
results indicated that this digital storytelling experience with personalization de-
sign can be a viable and appropriate system for sharing cultural knowledge with
visitors to the marae. The kaikōrero thought the digital system could share an ex-
perience of face-to-face storytelling to people who are remotely located and unable
to visit the site physically. However, they would not like to use it as a complete re-
placement for a physical visit. Rather, they hoped people would be more willing to
personally come to the marae after experiencing the digital version of the stories.

The case study also proved that the APC can also serve as a guideline for build-
ing interactive immersive storytelling projects in the cultural realm. However, it
is necessary to understand the storytelling activity in the target realm before de-
signing a story, since both the role of viewer and viewer participation will contain
various interpretations. The viewer interactions mentioned in the APC will need
to be adapted to those specific interpretations to reach their proper form in each
different realm. It is also important to understand the expectations of key stake-
holders (such as the kaikōrero at the marae, in this case) and what outcome they
would like to have from those storytelling experiences. Once those are established,
the interactive CVR with APC support can be a powerful tool to deliver a satisfying
experience, where the viewer will find her/himself not only spatially in the virtual
scene, but also socially being there as the virtual story world can be influenced by
the existence and behaviors of the viewer. Such experience is not achievable via a
conventional 2D video or a traditional 360-degree video. The narrative variation is
introduced into the content during the production stage. The personalization sto-
ries are then delivered when the viewer is experiencing the content later. The cre-
ation of narrative variation can be independent of the existing system with which
the CVR experience is implemented. In the future, extention to the APC framework
is planned to cover not only 360-degree video based CVR, but also 6DOF ones such
as volumetric capturing, as personalization storytelling also applies to them once
the designer modifies the delivery stage accordingly.
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Chapter 7

Overall Conclusions and Future
Work

In this chapter, the user studies for this thesis will first be summarized and
reviewed, including their results and the reflections gleaned from them throughout
this thesis. This is followed by an assessment of the study’s limitations, and lastly
recommendations for potential research directions and future plans.

7.1 Recap of User Studies in this Work

This thesis investigated and produced guidelines for CVR creators to help them
introduce engaging and enjoyable immersive storytelling experiences. These guide-
lines provide a solution to CVR production challenges such as narrative paradox
(NP), fear of missing out (FOMO), the dissonance between the viewer’s expectation
of agency and the actual level of interactivity, and the lack of acknowledgement
of the needs and tendencies of specific individual viewers coming to the experi-
ence. Results and reflections from the studies in this thesis were consolidated to
develop an Adaptive Playback Control (APC) framework for cinematic virtual re-
ality (CVR). The APC framework emphasizes not only the need for creators to use
diegetic and on-site attention guidance cues in immersive media but also the im-
portance of design taking into consideration the balance between the viewer’s and
creator’s role in terms of control over the narrative progression and the visibility
of interaction affordances in the immersive storytelling experience. Broadly, the
goal of this researchwas to propose away forward for balancing the involvement of
both the viewers and the creators via the APC framework. It is expected that using
this method creators will produce content that considers both viewer engagement
and the individual viewer’s needs from the first step of content design, and that the
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future experiences they create will meet viewer expectations as well as be exciting
and diverse.

Anoverviewof relevant background informationknowledgewas given inChap-
ter 2 of this thesis. The chapter provided an extended description of the current
research work around CVR content production and the involvement of viewer par-
ticipation in immersive media. Areas it covered included early discoveries of the
how viewer’s role was different in this new medium and new grammars and var-
ious solutions adopted to counter the NP issue, when creators started to use VR,
mainly 360-degree video, as a storytelling medium. Discussions around viewer in-
teraction and limits to this in an immersive storytelling experience were also cov-
ered. The chapter also examined more current topics about viewer involvement
in CVR, such as the complex and customizable content format used in approaching
the issue and the introduction of viewer personalization.

Chapters 3 and 4 discussed the studies conducted to investigate several unre-
solved problems in CVR storytelling with viewer interaction. In Chapter 3, Action
Units (AUs) were introduced as an addition to the creator’s toolkit, serving as atten-
tion guidance cues used by on-site actors to direct the viewer’s attention onto key
story elements, mitigating the issue of FOMO. The use of AUs was compared with
two other commonly used synthetic cues, the pointing arrow and the angular shift,
demonstrating that with AUs the viewer experienced increased feelings of enjoy-
ment and engagement with the story and reduced cybersickness. AUs were also
preferred by viewers for their diegetic characteristics, and by creators as they are
easy to implement.

Building upon the content production guidelines that emerged from Chapter 3,
exploration of the viewer’s participation in CVR storytelling continued in Chapter 4.
The two topics discussed were control over the narrative progression and the vis-
ibility of interaction affordances. An interactive immersive guided tour was pro-
ducedwith four variants to explorewhether the viewers tend towant to take active
control of the narrative and interact with the system explicitly. Results and obser-
vations indicate that viewer control is recommended for immersive storytelling
projects that focus on providing an experience of participation and a feeling of
agency. Careful design will be necessary if the creator wants to expose interactors
to the viewers and attract them towards more exploratory behaviors.

Then in Chapter 5, insights from these studies were consolidated to develop
the APC framework. This framework provides a comprehensive reference system
for creators who work on interactive CVR experiences and are willing to involve
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viewers in the narrative progress. It provides a series of guidelines on content
preparation for a better viewer experience with less FOMO for the design of CVR
experiences with viewer participation and interaction enabled. The APC frame-
work also covers factors to consider when designing the viewer’s capability in CVR
experiences with various emphases and focuses.

In Chapter 6, a co-design project with kaikōrero Māori (Māori storyteller/s)
collaborators was introduced as a case study aimed at creating a digital experi-
ence using CVR. The digital experience aimed to offer viewers virtual visits to Te
Rau Aroha Marae in Bluff, New Zealand, including a storytelling experience from
kaikōrero, done in a way very similar to a real-world, face-to-face experience. My
goals with this case study were to see if an APC-guided CVR experience could be
used by kaikōrero Māori in their community, be culturally appropriate, and fol-
low Tikanga Māori. The APC framework was applied to guide the production of
content, capturing the kaikōrero orally telling stories to different groups of virtual
visitors. The concept of personalized storytelling, in which disclosure of the story
changes according to a viewer’s profiles (responding towho the viewer is), was also
explored, as it was based on the natural practice of Māori oral storytelling in the
real world. This characteristic was incorporated into the design to implement the
expected personalized digital experience.

Co-design sessions were conducted with storytellers, using a qualitative ap-
proach, to explore the appropriateness of storytelling personalization. Insights
from the co-design sessions were used to refine the construction of the digital sys-
tem. The system was then tested and reviewed by the same group of kaikōrero for
user experience and cultural appropriateness, compared to the traditions used in
real-world face-to-face storytelling. Feedback indicated that design of the digital
storytelling experience (CVR) to include personalization could be used as a viable
and appropriate system to share cultural knowledgewith visitors to themarae. The
APC guidelines helpedmake the immersive experiencemore effective than conven-
tional media (such as 2D video on a screen or game-like 3D experiences) in giving
the viewer an impression of “being there” in the wharenui with the kaikōrero.

This case study also explored how APC can be used as a guideline for incor-
porating viewer participation into immersive storytelling projects, especially in a
cultural realm with a specific understanding of storytelling. Insights included that
although the digital experience can be used in certain scenarios in its ability to
provide visitors with a basic and universal storytelling experience, it should not
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be seen as a complete replacement for physical visits to the marae. On the con-
trary, kaikōrero expect the digital experience to serve as a teaser to attract people
to come to the marae and discover more stories face-to-face. This insight went be-
yond the initial expectation of the case study, which was the simple determination
of whether personalization can be effective. The importance of understanding the
storyteller’s expectations when an experience is delivered was thus revealed, es-
pecially with regard to what they expect the viewer to feel and gain, rather than
simply aiming to duplicate a real-life experience with a digital system.

7.2 Contributions

The main contribution of this thesis is the Adaptive Playback Control (APC)
framework, as a set of effective storytelling guidelines for creators working on
guided-tour type CVR content. The APC framework presented in this thesis pro-
vides support for both content creationwith viewer participation inmind and viewer
interaction design that involves the viewer as a participating character in the story-
telling scene, as a combination of:

• The immersive content production guidelines including the triangular rules
for immersive scene setup and action units (AU) as attention guidance tech-
niques, aimed at resolving the issues of narrative paradox (NP) and fear of
missing out (FOMO);

• The viewer interaction design guidelines for CVR which emphasize the
level of interaction the creator can enable for the viewers, balanced against
the need for authorial control to remain in the creator’s hands, and the visi-
bility of the interactor if one is enabled.

Both guidelines were developed to help CVR content creators build prolonged, im-
mersive, enjoyable, and engaging storytelling experiences.

Besides describing how the APC framework was established and tested, this
thesis also presents a case study, which demonstrated the use of APC in a cultural-
oriented storytelling project co-designed with Māori research collaborators and
kaikōrero. The APC framework was adapted to the Māori storytelling context by
adding the feature of personalization to CVR. It shows how the different attributes
of viewers can be acknowledged in a CVR storytelling system and narrative varia-
tion be employed in response to these attributes. The case study also looks at design
implications for content creators in terms of:
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• how research can be conducted focusing both on storytelling experiences and
cultural heritage preservation of and led by indigenous people;

• how non-Māori creators can adopt western-view-oriented storytelling guide-
lines (APC) to create TikangaMāori–guided storytelling experiences using dig-
ital tools.

This case study broadly presented a process of modifying the APC framework for a
storytelling project with a specific cultural context, as well as the experience design
and content production work this entailed.

Overall, the work in this thesis first propose the APC framework for guided-
tour-style CVR experiences, but also extendable to other genres of CVR, and to a
6DOF experience in some circumstances. It then provides a demo case for CVR
creators showing how the framework can be adopted and used to guide their pro-
duction work, including choosing the story structure to support their purpose with
storytelling, preparing content segments, and assembling themwith interactive el-
ements designed for viewers, culminating in an engaging and satisfying immersive
storytelling experience with interactivity.

7.3 Study Limitations and Future Work

This thesis’s limitations became apparent in reviewing the processes and re-
sults of each study. In study one (Chapter 3), in the 360-degree videos presented
to the participants, the AUs were not constantly directing the viewers throughout
the entire process of search and attention. Since the AUs were implemented by the
storytellers, they could only be perceived when the viewer was looking at them. In
other words, the AUs were only effective when they were visible in the viewport.
Once the viewer turned away, such as to look for a region of interest (ROI), the AUs
were no longer visible and their function of attention guidance was suspended. In
the previous chapter where the results of time to search (TTS) and time on target
(TOT) were analyzed, it became apparent that attention guidance was not instantly
effective but rather went through a build-up process from the time of its appear-
ance. Thus when a viewer’s total “exposure time” under each guidance cue was
counted, those of AUs were not as high as PA. One possible cause of the differences
in exposure to cues was that the build-up in effectiveness of AUs was closely de-
pendent upon a viewer’s actual behavior when watching the video. The pointing
arrow (PA) and angular shift (AS), however, had lower dependencies and faster
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build-up processes. Future work should look into integrating high-fidelity spatial
sound, including simulated reverb effects, to reinforce the effectiveness of AUs in
directing viewer attention.

Also, the video clips were all about 90 seconds in length. In some results, the
level of enjoyment (E2) and recall rates showed similarities between AU, PA and
AS, without any significant difference. One possible reason could be the relatively
short time (six minutes) subjects spent watching all three videos, potentially not
enough for the differences between conditions to be revealed and detected. In ad-
dition, in the materials the PA and AS were both added during the post-production
phase while the AUs were implemented during the production phase. It is possible
that implementing AUs becomes an extra task added to the storyteller beyond the
primary task of “presenting the content”. The increased workload and related ef-
fects on the storyteller when using AUs while also rendering the narrative is also
worth further exploration. Moreover, although the viewers were assumed to be
focused on the narration given by the storyteller and less aware of memorizing the
visual details of ROIs when they felt higher engagement and enjoyment, the corre-
lation remained vague and unconfirmed. A concrete conclusion as to whether AUs,
as diegetic cues, can be less distracting than the non-diegetic PA and AS also could
not be reached due to limited data gathered.

In future studies, the design of AUs will be iterated with additional cues that
are constantly visible to the viewer to ensure they are taking effect throughout
the viewing experience. More prolonged video footage will also be used as study
material, instead of 90-second clips, to ensure longer immersion for participants.
New filming locations and ROIs will also be carefully chosen for further study to
mitigate the distraction from cues to the viewers when watching. Lessons learned
fromAUs in swivel-chair VR can potentially be applied to other forms of CVR,where
the viewer’s movement within the virtual environment is less constrained. In par-
ticular, careful integration and combination of AUs and other cues to “walk” the
immersed viewer toward spaces of interest will be applied.

In the second study (Chapter 4), the conditions were relatively simple com-
pared to the broad design space that the APC framework covers. Looking at who
should control the narrative progression and what the visibility of interactions
should be were only the starting point. In the user study, each participant only
experienced one of the four conditions (CC, CR, VI and VE), which may not have
captured the differences between the given conditions, i.e., creator control (CC),
creator control with randomly rearranged segments (CR), and viewer control with
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implicit input (VI). This might be the reason for the lack of significant differences
among the objective measures. The potential relationship between the viewer’s
tendency toward exploratory behavior and how the tasks were introduced before
they started the experience, was also not foreseen during the experiment. The
main focuses of the user study were 1) the visibility of viewer interaction meth-
ods while limiting the form of viewer input to controller-based laser pointer only,
and 2) viewer interaction limited to affecting the narrative progression only. The
effects of other parameters with a possible connection to viewer control, such as
temporal sequencing, pace, and speedof progression, still need further exploration.
We plan to conduct further user studies looking into those topics and add them as
pieces to form a more comprehensive APC framework to cover various demands
in effective CVR content creation and production.

Another factor is that allmaterials used in the user studieswere virtual guided-
tour styled experiences. They all belong to one type of story structure, the “hub-
and-spoke.” In non-linear storytelling there are other story structures suitable for
CVR, includingdetours, the string-of-pearls, and the gauntlet (unlike hub-and-spoke,
these are linear based but contain sub-branches; see [24]). Both viewer control
and interactor visibility designs were not tested on these structures. Even within
the one hub-and-spoke type used in the study, the situation varied depending on
the actual content. The arrangement of the objects in the space captured for the
material for that user study is illustrated in Figure 4.2. Before that, a prototype sys-
temwas implemented based on a series of 360-degree videos captured in a campus
greenhouse as a trial run. Unlike the lab’s space in Figure 4.2, the greenhouse has
a mixture of indoor and outdoor scenarios, as shown in Figure 7.1. During pro-
duction, the camera was initially placed in the mid yard (the hub) when capturing
the introduction clip, then placed in two greenhouses and by the river bank (the
spokes) for the main segments. In that prototype experience, the tour started at
the outdoor yard in the center of the scene, which is also the hub, as the green-
house scene is also part of a hub-and-spoke structure. But when the viewer moved
into an indoor node via one of the spokes, the view of the scene was blocked and
her/his choices were downsized and limited to either elements within that indoor
space or returning to the yard. Although the overall structure stayed the same, the
availability of choices for a viewer did not. In the lab scene for the user study, all
nodeswere visible to each other and the viewer’s choices remained the same at any
node. In this greenhouse prototype, however, the number of choices a viewer was
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given at a time depended on her/his location inside the scene, due to the spatial fea-
tures of that space (in this case, themix of indoor/outdoor spaces). The comparison
between the greenhouse prototype and the lab tour used in the study implied that
although the story structures stay in the same category and all input and interactor
designs remain identical, the freedom on choices a viewer is given can change as
the scene changes. In real-life scenarios, the space a creator chooses to create an
immersive storytelling experience may differ in real topological relationships, and
can affect on the viewer’s experience. One solution could be to employ multilevel
structures such as a spoke also serving as a hub and leading to further “sub-hubs.”
This idea was not explored further in this thesis. Whether the guidelines from the
APC framework apply to the other types of non-linear structures remains to be
evaluated.

The issue of embodiment of the host in guided-tour-style experiences is also
worth exploring. In this study, some participants provided feedback that they pre-
ferred a narration-only style where the host was not visible in the scene but rather
a disembodied voice-over. Because they thought the host would attract their at-
tention and they would therefore be less likely to explore for fear that doing so
would be seen as disrespectful, voice-over might lead to less-restrictive behavior.
Although the voice-over style is out of the scope of the current APC framework, this
does point out the necessity of considering the other side of the attention-directing
methods being discussed. Since the embodiment of the storyteller is not restricted
to a recorded real human, computer-generated avatars and manipulations can be
employed to see if they help to relieve the effect of an “attention anchor” and give
viewers more freedom to choose what they want to focus on, thus avoiding the
feeling of “fear of insulting the host.” These will all contribute to constructing an
effective APC framework.

Later, when the APC framework takes shape, it is expected to give creators a
sense of familiarity akin to scripting for conventional videos andprovide themwith
the confidence of authorial control, along with satisfactory outcomes throughout
production, delivery, and later consumption. Thus, creators who apply the APC
framework as their production reference will at least be more assured when fac-
ing the challenge of making immersive content, knowing their works will on the
one hand have a pre-scripted narrative as their backbone but an interactive and
immersive experience at the front face. This will ensure the narrative arc remains
under the creator’s control while freedom of interaction is placed in the viewers’
hands.
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FIGURE 7.1: The layout illustration with a top-down view of the green-
house where the prototype content was captured, overlaid with a
satellite image from Google Maps and a hub-and-spoke structure (the
red circle and lines). Each spoke is shown in a different color. The
placement of the camera and the host when capturing each spoke seg-
ment are also marked. Because of the mixture of indoor and outdoor
scenarios and occlusion from buildings, the spokes are not visible to
each other. The viewer can only see items inside/around a spot and

the exit back to the mid yard.

My first trial was to apply the APC framework in a Māori storytelling project,
as discussed in Chapter 6. In that project the second part of the APC, the viewer
interaction design guideline, was modified to adapt to Tikanga Māori, shifting from
looking at specific interaction methods viewers will use to influence the narrative
to seeing viewers’ traits and features as parameters affecting the disclosure of the
story (known as the personalized storytelling). However, due to limited time and
resources, only the appropriateness of the personalized storytelling implemented
in CVR was evaluated, with six validated personas. The project did not go so far
as to produce a robust system to dynamically collect information from individual
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visitors and match them to a persona. Six personas were also far from exhaustive
in terms of the possible types of visitors to a Māori marae. From the perspective of
a possible personalized storytelling experience, the system was viable to verify the
concept of personalization in CVR but not yet to act as a fully functional prototype
for end viewers to immerse themselves in.

It is undeniable that different storytelling methods exist for different user sce-
narios besides personalized CVR. There are creators working in areas outside the
cultural heritage or GLAM sectors who are beginning to work with newer CVR con-
tent using different styles of 360-degree video or other media, as mentioned above.
There are also various types of immersive media forms for CVR other than pre-
recorded 360-degree video, such as computer-generated 3D scenes and captured
voxel videos, both of which support 6DOF for viewers to walk freely within the vir-
tual scene. Although the CVR content produced and used in this thesis is limited
to the guided-tour style (in which the host usually appears in the scene and intro-
duces the content orally), the applicability of the derived APC framework to other
genres of CVR or even 6DOF experiences is still worth investigating.

In termsof the CVRgenre, other types canbe assumedby looking at the viewer’s
role in the scene besides the guided-tour style used in this thesis. If the viewer is
seen as amember of a group of characters in the scene and is recognized by others,
the experience he is having belongs to a group type. If the viewer is in the scene but
not considered a character, then the experience is categorized as a bystander type
(often seen in concerts, performances, and documentaries). There is also another
scenario where there is no character in the scene, with only voice-over applied,
namely a blank type. To determine whether the APC is applicable to any of these
genres, each of the two parts of the framework should be examined. The APC’s
immersive production guidelines clearly apply to the group and bystander types
as long as there are human characters in the scene. Attention guidance (i.e., AUs)
applies regardless of whether or not the viewer is acknowledged as a part of the
scene. The AUs can directly guide the viewer or guide other characters in the scene
and then let the viewer follow them. However, they will not apply to the blank
genre since no human or human-like character is present in the scene. The viewer
interaction design guideline (part 2 of the APC framework), on the other hand, is
applicable to a scenic tour, a documentary, or a dramatic story, as long as the plot
has a narrative element (which is also part of the definition of CVR throughout the
thesis) and the story structure is designed to allow various non-linear disclosure. It
will fail to be effective if the creator specifically designs the plot to be strictly linear
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and does not allow any alteration.
Moving away from content type, the discussion around the application of the

APC to an immersive experience with 6DOF interactivity is closely linked to the
evolving definition of a CVR experience, discussed in Section 2.2.2. First it is clear
that the attention guidance rules apply to a 6DOF CVR experience since regardless
of how the viewer will interact with the virtual scene, the issues of NP and FOMO
remain (possibly worsening due to the increment in interactivity). Secondly, the
situation around the viewer interaction design guideline gets complicated with a
6DOF CVR experience. The applicability of the APC will closely depend on what ex-
tra interactions the viewer is given access to in the CVR experience. It is assumed
that the implicit interaction design can still be applied if the additional interactivity
is limited to the ability to move around. The creator, however, now needs to con-
sider the data to be extracted from the viewer. On top of viewpoint, the viewer’s
location, speed of movement, body orientation, etc. are now all in play since the
experience moves to 6DOF. If the viewer is given yet another level of freedom of
interactivity and can now interact with detailed objects or elements in the scene,
the creatorwill need to further consider how such interactivity can be coupledwith
with narrative progression and alteration and how these can be embedded into the
context of the story. These newly raised questions are yet to be explored.

An example of a 6DOF CVR project is the Ātea Presence experience, relevant
to the Māori storytelling case study presented above (see [109], also mentioned in
Section 2.3.5). In this free-roaming experience, a voxelized avatar of a real per-
son from the marae in the physical world acts as the host in a computer-generated
environment of the marae. The host delivers narratives while the 6DOF viewer
is freely roaming in the scene. Instead of capturing the marae using 360-degree
video, three-dimensional clips of a real storyteller (voxelvideos) are rendered (vi-
sually and acoustically) in a virtual marae environment. The virtual environment
is photogrammetry synthesized. The virtual storyteller introduces artifacts and
decorations in the marae, using natural gestures, as shown in Figure 7.2. The voxel
video playback can be stopped and started through explicit viewer interaction, sim-
ilar to the UI controls described in Section 2.4.1. In addition, the voxelvideo host
avatar is capable of actively establishing eye contact with the viewer and initiating
the introduction when within a certain proximity, maintaining eye contact when
speaking to the viewer. When the viewer steps away from the gaze-maintaining
proximity, the host avatar returns to the initial pose (of not attending the viewer)
and pauses the speech.
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FIGURE 7.2: Two illustrations of Te Rau Aroha Marae’s digital marae
experience (source: Park et al. [109]). In setup A on the left, the
viewer uses head orientation to “point” to one of the objects (ROIs)
she is interested in, in this case, a tatā or tīrehu (bailer). The virtual
host (voxelized avatar) stands beside the viewer to deliver the narra-
tive. In setup B on the right, when the viewer notices an object she is
interested in, she moves (or teleports) to proximity to that object. The
virtual host stands next to the object, acknowledges the viewer, and

delivers the narrative.

Although this experience is not a 360-degree-video-based CVR, it still follows
someof theAPC guidelines, such as acknowledging the viewer/player as a character
in the scene and enabling viewer control over the progression of the narrative. The
enhanced digital experience provides the viewerwith the impression of interacting
with a real-person-like host when going through the marae, and that the host is
giving a tour especially for her, instead of the impression of a holographic recording
that is played a button is pressed.

The digital marae experience shows that the APC framework has the potential
to go beyond 360-degree video to also cover other types of CVR content, includ-
ing ones with computer-generated scenes and 6DOF interaction design. However,
as interaction techniques and viewer involvement with the system vary with dif-
ferent types of content and system configurations, more investigation, tweaking,
and modification will be required when adapting the APC framework to any spe-
cific project. The digital marae experience also inspired the idea of blending CVR
content with computer-generated virtual environments (such as a 3D model of a
wharenui). On the one hand, this would maintain the easy-to-access characteris-
tic of CVR. On the other hand, the free-roaming feature can be applied for a 6DOF
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virtual visit. At the time of writing, several projects are being carried out with the
collaborators at the Bluff marae, all using APC-guided CVR as part of their founda-
tion. One of these projects is looking at using CVR as a medium to bring a realistic
visiting experience to a remote island (Stewart Island/Rakiura; see Section 6.1) to
people who live far away and are seeking reconnection with their ancestors. An-
other one is attempting to use CVR with viewer interactivity to enhance awareness
of Māori astronomy for the general public. The third aims to use CVR as a tech-
nology to enable Māori wānanga (a traditional meeting or seminar where chosen
participants meet to discuss, deliberate over, and consider specific topics) in the
digital space. These projects are all aimed at further exploring how the APC frame-
work could be employed as a guideline for broader types of CVR content (as well as
hybrid content), various viewer interactivity settings, and even multi-viewer CVR
experiences. Unknowns such as the usability of such a digital system, the level of
presence and immersion viewerswill achieve in such an experience, and how close
it will be to a real-world visit are all questions for future exploration.

7.4 Conclusions

The Adaptive Playback Control (APC) framework is a set of design guidelines
for cinematic virtual reality (CVR) content creators. It has two main components,
the content production guidelines and the viewer interaction design guidelines. This
framework is a response to the research questions proposed in Chapter 1. The pro-
cess of development and validation of the framework affirmed that when moving
from flat screen to immersive media, the viewer must be considered as a character
of the story, not as a passive spectator beyond the fourth wall. The case study in
Chapter 6 proved that applying the APC framework to CVR production is capable
of yielding a CVR experience that is immersive, engaging, and effective in sharing
the knowledge stakeholders would like their viewers to receive.

It should be reasserted that the process of formulating the APC framework
demonstrates that ensuring viewer participation in the narrative process does not
mean giving the viewer full control with the creator receding into the background
and losing authority. In CVR, the creator and the viewer are not two conflicting, op-
posing parties; the creator retains authorial control. However, the power of con-
trol must be cleverly used to provide a comfortable and safe space to accommo-
date viewer curiosity, so that viewers can explore, interact, and alter the outcome
of events within the boundary of their comprehension. In the larger picture, the
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creator can ensure that the overall narrative develops in the intended direction as
designed.

The case study in Chapter 6 also remindedme of the importance of understand-
ing the lasting feeling that stakeholders expect a visitor to have after exposure to an
immersive digital experience. Insights from this study shed light on the relation-
ship between the digital experience, the user of the digital tool, and the storytellers
holding the knowledge and content and considering the passing on of this knowl-
edge to future generations. These considerations all exists on a different plane that
goes beyond simplywhether the particular digital experience achieved the authen-
ticity one expected. I see my PhD work as part of the first steps in this direction.
Many more topics further along the way await exploration.
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