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Abstract 
Established research in the field of fulldome production asserts that this media environment offers 
an unparalleled sense of immersion through its all-encompassing, hemispherical format. It is 
described as an intense experiential space that dissolves physical and virtual boundaries, thereby 
facilitating presence in another world. The lack of a traditional screen and frame means the audience 
does not watch the content; they experience the environment personally. 
Much of the existing research on fulldome production focuses primarily on large permanent domes 
and the subsequent media production, which can cost millions. Considering smaller, less expensive 
domes are becoming an increasingly popular alternative, it is essential to investigate their distinctive 
advantages and constraints. 
The objective of this research is twofold: First, it seeks to increase the affordability of the medium 
through (a) documenting the fabrication of a dome constructed from relatively inexpensive 
materials and (b) producing fulldome animations utilizing open source archival imagery. Second, 
via a usability test, it strives to ascertain whether the experience of this media environment proves 
immersive, like larger fulldome environments. 
The research process began with a literature review establishing an assemblage of best practices 
within fulldome theatre fabrication and filmmaking. Then, a small-scale fulldome theater, 
approximately five meters in diameter, was constructed, and methods of the assembly were 
documented. Next, three short, animated, fulldome films were produced. Subsequently, the 
installation of the projection and user interface were implemented and chronicled. Lastly, a 
Retrospective Think Aloud usability test was conducted and analyzed.  
The construction of the dome and approximately nine minutes of animated media was completed in 
ten months for a cost of approximately 5,000 euros. Additionally, a user interface was developed 
that allows participants to control the playback of the animations inside the dome. Results of the 
usability test suggested a majority of participants reported feelings of immersion, although some 
drawbacks were also identified. While the number of participants is a limitation of the research, 
their interviews provide a valuable exploration of the benefits and deficiencies of the medium. In 
conclusion, this research indicates that a small-scale fulldome environment can be an effective 
canvas for immersive experiences. Furthermore, documentation of the production of the small-scale 
fulldome environment and filmmaking methodology can aid in future design considerations of this 
deeply experiential space. 
Keywords  Fulldome, filmmaking, immersion, animation, planetarium, immersive virtual 
environment 
 



3 
 

 

 

Acknowledgements 

 

 The production of this thesis would not have been possible without the 

support of a community of colleagues, professors, friends, and family in Finland and 
abroad.  

           I would first like to thank my supervisor, Matti Niinimäki. Your guidance 
throughout the project was invaluable. Your assistance, especially concerning the 

installation of the projection and user interface, was instrumental to the production 
of this thesis work. Moreover, your comments on the text aided in the furtherance of 

the project's written component. 
           I also extend my deepest gratitude to Tomi Kauppinen. As my advisor, you 

have helped me realize this project from the onset and proved a constant source of 
morale and advice. As the Aalto Online Learning Team's project leader, you secured 

the funding and extensive resources that made the completion of this thesis 
production possible.  

           Furthermore, I thank Okko Hakola for your ongoing help throughout the 
project including, material transport, construction of the dome, and documentation. 

I also express my appreciation for the Aalto Writing Clinic, particularly Matthew 
Billington, for your thorough aid in editing the text.  

           Finally, I want to express gratitude for my family, from whom I have received 
relentless encouragement and assistance. Thank you to my brother, Sharif 

Jamaldin, for creating soundscapes for the VR documentation of the animations, 
my mother for her incredible emotional guidance, and my father for his rigorous 
reading and feedback on the text. Any success of this work is the result of your 

tremendous support. 
 
  



4 
 

 

Table of Contents 
 
i.   Abstract ………………………………………………………………………………… 2 
ii.  Acknowledgments …………………………………………………………………. 3 
iii. Table of Contents ………………………………………………………………….. 4 
1. Introduction …………………………………………………………… 5 

1.1 Objectives and Research Questions ……………………………………. 6 
1.2 Motivation ………………………………………………………………………. 7 
1.3 Structure and Methods …………………………………………………….. 8 

2. Literature Review ……………………………………………………. 8 
2.1 Fulldome Environment …………………………………………………….. 9 
2.2 Affordances …………………………………………………………………….. 13 
2.3 Challenges ………………………………………………………………………. 16 
2.4 Filmmaking Practices for Fulldome …………………………………… 18 

3. Fulldome Film Production ……………………………………….. 24  
       3.1 Media Design Overview ……………………………………………………. 25 
       3.2 Fulldome Filmmaking Methodology …………………………………. 27 
       3.3 Analysis of Design Considerations for Fulldome ………………… 40 
             Filmmaking Informed by the Literature Review  
4. Dome Construction and Media Installation ……………….. 44 

4.1 Construction …………………………………………………………………… 45 
4.2 Media Installation …………………………………………………………… 52 
4.3 Cost Summary ………………………………………………………………… 56 
4.4 Outcome ………………………………………………………………………… 57 

5. Usability Test ………………………………………………………….. 64 
       5.1 Recruitment ……………………………………………………………………. 64 
       5.2 Safety …………………………………………………………………………….. 65 
       5.3 Methodology …………………………………………………………………… 65 
       5.4 Questionnaire …………………………………………………………………. 68 
       5.5 Order of Animations ………………………………………………………... 70 
6. Results …………………………………………………………………… 72 
7. Discussion of Results ………………………………………………. 83  
8. Conclusions ……………………………………………………………. 93 
      8.1 Discussion of Conclusions ………………………………………………… 93 
      8.2 Limitations ……………………………………………………………………... 95 
      8.3 Future Research ………………………………………………………………. 96 

References ……………………………………………………………… 98 
List of Figures …………………………………………………………. 102 
Appendix ……………………………………………………………….. 106 



5 
 

 

 

1. Introduction 

 
 A fulldome is an immersive virtual environment (IVE) that allows multiple 

viewers to experience media content at a hemispherical angle of view. The dome-
shaped theater is often outfitted with numerous projectors, facilitating seamless 

projection around the viewer. The projected media can be interactive or pre-
rendered, incorporating various filmmaking and media practices, ranging from 

computer simulations to live-action footage (Fulldome Database, n.d.). 
            Established research in the field of fulldome production asserts that this 

media environment offers an unparalleled sense of immersion through its all-
encompassing format of representation. The unique medium is an intense 

experiential space that dissolves physical and virtual boundaries, facilitating 
presence in another world (Buczek, 2012). The lack of a traditional screen and frame 

means the audience does not watch the content; they experience the environment 
personally. 

 Much of the studies focus primarily on large permanent domes and the 
subsequent media production (related mainly to astronomy and space science 

education), which can cost millions (Lantz, 2011). The high cost of the environment 
is one of the most considerable constraints of the medium. Designing a fulldome 

media environment that adheres to a relatively affordable budget of 5,000 Euros 
could provide greater access to the medium. Moreover, constructing a small-scale 
fulldome theater would potentially allow for greater adaptability in presentations for 

smaller institutions, artists, and filmmakers compared to permanent, large-scale 
fulldome theatres. However, research is needed to determine if smaller and more 

affordable domes offer a comparable immersive experience as their larger, high-
value counterparts. 
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1.1 Objectives and Research Questions 

   This master's thesis project contains two main components: (1) The 
production of a fulldome media environment and (2) the written thesis. The primary 

objective of this thesis project was the artistic construction and presentation of a 
fulldome media environment with accompanying animations. Therefore, the 
evaluation of the work should emphasize the production of the fulldome structure, 

animations, and media installation presented in Chapters 3 and 4 of this text. 
Moreover, video and virtual reality documentation, provided in the Appendix of this 

thesis, is vital to understanding this project's produced outcomes. Additionally, the 
written component provides valuable research which further documents and 

supports the physical fulldome media environment. 
 This research pursues two main goals: First, it seeks to bolster the 

accessibility of the fulldome medium by (a) documenting the fabrication of a dome 
constructed from relatively inexpensive materials and (b) producing fulldome 

animations utilizing copyright-free archival imagery and low-cost editing software. 
Second, it strives to ascertain if the experience of this media environment proves 

immersive or otherwise valuable to users. 
 Project objectives are reflected in the following research questions:  

1.   What are the design considerations for developing a methodology for a fulldome 
media environment (both its architectural construction and cinematic production) 

that bolsters the emerging medium's affordability? 
2.   Can small-scale domes offer immersive experiences? 

 These questions are answered through the construction of a five-meter 
diameter, three-meter tall, fulldome theatre, and approximately nine minutes of 
animated media. Furthermore, a user interface was developed that allows users to 

control the playback of the animations inside the dome. This production 
demonstrates that a small-scale, fulldome environment and animations can be 

constructed economically. Moreover, transparent documentation of the production 
process may aid in future design considerations of this uniquely immersive space. 

 Additionally, 13 expert users volunteered to test the usability of the dome. 
The Retrospective Think Aloud usability test results suggested a majority of 

participants reported feelings of immersion. The small number of participants is a 
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potential limitation to the evaluations; however, the resulting interviews provide a 
valuable exploration of the medium's benefits and deficiencies. In conclusion, this 

research indicates that a relatively smaller and more affordable fulldome 
environment can potentially be an effective canvas for immersive experiences.   

 

1.2 Motivation  

After working in the film production industry, I became imbued with the 
desire to explore expanded cinema. This term was expertly articulated by Gene 

Youngblood, whose text Expanded Cinema, presented video as an artistic practice 

and championed the utilization of new technologies to further the medium. 
Youngblood (1970) states, “Expanded cinema isn’t a movie at all: like life it’s a 

process of becoming, man’s ongoing historical drive to manifest his consciousness 
outside of his mind, in front of his eyes” (Youngblood, 1970, p. 40).  As a video 

artist, I wanted to resurrect moving imagery from its two-dimensional orientation 
and instill the medium with a life outside of an increasingly retreating screen. 

Initially, I investigated utilizing virtual reality, another IVE that utilizes a head-
mounted display to fill the field of vision of the wearer, but could not circumvent the 

inherent isolation of this experience. When I considered physical theatres that would 
fulfil this objective, the fulldome was an obvious, albeit ambitious, candidate.  

As a digital artist, I have primarily been employed by museums to assist in 

the creation of films which utilized imagery from the museum’s image archives. This 
served as a source of inspiration to the production of animated media for the 

fulldome environment. Due to technological constraints of the medium, the 
production of commercial fulldome films is often composed of computer-generated 

visuals which aim for photo-realism (Chamier-Waite, 2013). To offer a departure 
from common visual and narrative tropes that pervade the young medium, I crafted 

a fulldome film which utilized archival artworks to fill the spherical canvas. Instead 
of aiming to accurately present a realistic environment, I was more interested in the 

representation of landscapes through historical paintings and artworks, and the 
unique re-interpretation of their two-dimensional compositions, when translated to a 

hemispherical fulldome format.  
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1.3 Structure and Methods 

 This thesis was conducted within the Action Learning Paradigm framework, 
as defined by Hilary Collins (Collins, 2010). Collins states that this practice “refers to 

when you use or develop existing theory to carry out investigations in order to 
enrich your understanding of a practical work environment” (Collins, 2010, p. 46). 
The existing research consulted throughout this project was sourced from multiple 

disciplines, including architecture, film theory, and psychology. Findings from these 
fields inspired the design decisions, which were implemented in the practical 

development of this project. This process is subsequently documented and adheres 
to the following structure:  

           (Chapter 2) A literature review is conducted to provide an overview of the 
history and current state of fulldome environments and report the affordances and 

challenges established by previous research. Additionally, the review presents the 
best practices within fulldome filmmaking.  (Chapter 3) The production and analysis 

of three short, animated films are presented. (Chapter 4) A methodology concerning 
the construction of the fulldome theater and media installation is detailed. (Chapter 

5) The conduction of a Retrospective Think Aloud usability test is discussed. 
(Chapter 6) Results of the study are reported (Chapter 7) and analyzed. (Chapter 8) 

Lastly, conclusions from the study are drawn, limitations of the project are 
acknowledged, and future research is suggested. The culmination of these efforts 

results in a dynamic exploration of fulldome construction and filmmaking. 
 

2. Literature Review 

 

 The fulldome medium has evolved from a multiplicity of fields, as have the 

theoretical frameworks that can be utilized to evaluate the environment. Aspects 
related to education, psychology, filmmaking, and immersive visual environments 

inform ideal practices and methodologies for constructing and facilitating fulldome 
environments. This literature review will address the history and current state of 

fulldomes, and is accompanied by an outline of their affordances and challenges 
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articulated by both researchers and practitioners in the field. The review also 
provides an introduction to fulldome cinematography and presents an assemblage 

of best practices for fulldome filmmaking.     
 

2.1 Fulldome Environment 

 This section will first detail the history of fulldomes, tracing the medium's 

origins to approximately a century ago. It will then provide a brief overview of the 
current state and technology utilized in fulldome theatres today. This account is 

followed by an outline of their affordances and challenges. 
 

2.1.a History of the Fulldome 

 Much of the history of the fulldome is shared with that of planetariums. The 

first pre-digital planetarium was developed in Jena, Germany, and showcased at 
the Deutsches Museum in Munich in 1923 (Chartrand, 1973). The official debut 

featured revolutionary technology, pioneered by German engineer Walther 
Bauersfeld. Assisted by a large team of scientists and engineers, Bauersfeld 

created a complex instrument housing dozens of projectors, plates of glass, and 
copper foil. The foil’s surface was punctured with thousands of minuscule holes, 

creating the illusion of stars when illuminated from within. These plates were 
intricately constructed to keep the accurate relative distance between planets as 

they moved, showcasing their planetary orbit. This mechanically operated projector 
cast light inside a 10-meter geodesic dome, its hemispherical shape reminiscent of 
the boundless universe. The entirety of the installation was called “Ptolemaic 

Planetarium” and later referred to as Model I (Chartrand, 1973).    
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Figure 1. The first Zeiss planetarium instrument in the Deutsches Museum in Munich, 1923 

 

 In addition to the planetarium projector, Jena is also considered to be the 
birthplace of the first “geodesic” dome, which utilized an architectural design-based 

on the icosahedron (Fulldome Festival Foundation, n.d.). This design, later 
popularized by Richard Buckminster Fuller, utilizes triangular elements to distribute 

stress evenly throughout the structure, causing it to be twice as strong as a 
structure employing a rectangular design (Buckminster Fuller Institute, n.d.). 
           Bauersfeld designed and patented an initial, smaller geodesic dome on the 

roof of the Carl Zeiss plant in Jena when testing the original planetarium projector in 
1919. Seven years later, a larger 25-meter geodesic dome, named “The Zeiss-

Planetarium,” or Model II, was constructed for permanent exhibition and is regarded 
as the oldest operating planetarium in the world (Zeiss Planetarium Jena, 2020). In 

the decades to follow, new models would be developed and purchased by 
international buyers. By 1940, planetariums had opened in major cities globally, 

including Vienna, Rome, Moscow, Tokyo, Stockholm, Milan, Hamburg, Chicago, 
Philadelphia, and Pittsburg (Chartrand, 1973). 

           The 1950s and 60s saw a steady rise in planetarium production as lower-
priced planetarium projectors became available. This production climaxed as 

competition, propelled by the Space Race between the Soviet Union and the United 
States, motivated President Eisenhower’s advisory council to prioritize space-

related education (Lantz, 2011). The council identified the planetarium as one of six 
exemplary educational projects to receive extensive funding for development. By 
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1970, there were upwards of 700 planetariums in the United States, of which most 
were primarily funded by federal NDEA matching funds and Title III grants (Lantz, 

2011).   
           In addition to large government funding and significant technological 

advancements, the evolution of the fulldome medium was propelled by pioneering 
media artists. Artists understood the dome as a theatre not primarily tied to 

competition or technology, but to relationships between people, space, and moving 
imagery. One such artist was Stan Vanderbeek, who created the installation, “movie 

drome,” in 1963. Claus (2003) explains how Vanderbeek, an American experimental 
filmmaker, created the movie drome in Stony Point, New York, from a converted 

grain silo dome. Visitors would enter through a trap door and lay on the floor of the 
silo, while dozens of film and slide projectors would simultaneously project moving 

images around the audience (Claus, 2003). Exhibitions titled Movie Murals, Ethos-
Cinema, Newsreel of Dreams, Feedback, and Image Libraries utilized a variety of 

randomized images, making no two showings exactly alike (Claus, 2003). 
Vanderbeek would later go on to become an artist in residence at NASA, with much 

of his work and writings influenced by space, satellites, “extraterrestrial network(s),” 
and cybernetics (Claus, 2003). Vanderbeek, inspired by the cultural climate of the 

Space Age, showcases how artists were expanding the roots of the fulldome as a 
medium for the co-mingling of science and artistic experimentation, diverting the 
traditional aim to strictly replicate outer space.    

 
 2.1.b Current State 

 Today, modern fulldomes vary significantly in their use, architecture, and 

cinema. Domes can be small, portable environments, fixed educational classrooms, 
or large digital public arenas. The scale of theatres ranges from three meters to 60 

meters. Present technologies allow for current fulldome and planetarium content to 
stretch far beyond a star-speckled sky. Domes now include vastly arrayed 

programming, including live performances, pre-rendered films, interactive flight 
visualizations, concerts, and reconstructed historical sites. These programs range in 

duration, with films above 20 minutes considered feature-length (Chamier-Waite, 
2013).  
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           The technology utilized in domes can differ vastly: Fulldomes can utilize one 
or multiple projectors to display imagery inside the dome's surface. When domes 

house a single projector, they typically use a fisheye lens or mirror to enable the 
projection to fill the entirety of the dome. This technique, popularized by fulldome 

researcher Paul Bourke, can be used in smaller dome environments and has been 
highly praised due to its low-cost (Paul Bourke, n.d.). Domes that utilize multiple 

projector set-ups can employ two to upwards of 100 projectors to facilitate a 
seamless wrap-around image (Schnall et al., 2012). The separate projectors' edges 

blend to create the illusion of a single, fluid display. These displays feature 
resolutions ranging from 1 to 2 million pixels, with the standard being 2k and 4k. By 

contrast, the world's largest domes feature over 30 million pixels and employ 8k 
resolution (Lantz, 2011).  Approximately 33 percent of the world's domes have 

greater than 2000 pixel resolution, highlighting the importance of image quality in 
these unique environments (Lantz, 2011).  

           Current fulldome content is molded by both the theatre's immersive 
affordances and the restraints of the theatre's affordability and contexts. The 

immersive environment permits the viewer to feel as if they are inside the digitally 
imposed space. This affordance has led to prevailing trends of creating films that 

submerge the viewer underwater or position them in a boundless universe, both 
environments which convey a profound sense of space (Chamier-Waite, 2013). Due 
to the high cost of producing a fulldome environment, fulldome content has been 

largely relegated to the planetarium field, where these domes have been 
permanently established and highly-funded. This context causes much of fulldome 

productions to be centered around astronomical and scientific education, primarily 
geared towards school children (Chamier-Waite, 2013). This factor has produced 

both advantages and disadvantages within the medium. Considering that fulldomes 
are often positioned within educational environments suggests and encourages 

their propensity to be utilized as a tool for learning (Schnall et al., 2012). However, 
this context has also triggered a lack of thematic and artistic diversity in fulldome 

film productions (Chamier-Waite, 2013).  
 Additionally, the technological limitations imposed by production equipment 

have sculpted the current state of fulldome films. It is a relatively recent 
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advancement in camera technology that allows filmmakers to shoot 360-degree 
films at the standard 4K resolution fulldome format. Due to these technological 

limitations, early fulldome films were composed entirely of computer-generated 
imagery, a trend that still pervades the medium today (Chamier-Waite, 2013). 

However, the increasing affordability of production tools and software which can 
create fulldome films offers a promise of greater diversity in methods of production 

and content (Chamier-Waite, 2013).  As the accessibility of the medium spreads to 
universities and artists, both the content and the affordances will grow and diversify.   

 

2.2 Affordances  

 The coalescence of influences, which informed the growth of the planetarium 
and fulldome, permits a diversity of affordances spread across an equally wide 

range of fields and applications. The medium offers unique benefits for education, 
entertainment, and artistic expression. These benefits arise both from its physical 

architecture as well as the distinctive possibilities provided by immersive media 
presentations. This section details the advantages of the fulldome media through a 

discussion of screen size, spatial relationships, and immersion. 
 

 2.2.a Screen Size 

 The increased size of the fulldome screen, especially when compared to 

contemporary phones, tablets, computers, and television displays, has multiple 
advantages. In a fulldome audience survey conducted by Ka Chun Yu, a prominent 

fulldome and planetarium researcher, participants cited that the screen's size was 
one of the most memorable aspects of the presentation (Yu et al., 2017). In another 

study conducted by Yu et al. (2016), the large screen size in a fulldome 
presentation, combined with the wide field of view, led to greater learning and 

understanding in undergraduate students viewing an astronomy presentation. An 
additional benefit of the format is that when the size of the screen encapsulates the 

visitor's entire field of view, it leads to less offscreen distractions (Yu et al., 2017). 
This factor is particularly relevant to fulldomes' utilization in educational and training 
settings. 
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           Lastly, when the size of the screen permits the screen to wrap around the 
visitor, it facilitates the experience of vection. Vection is the feeling of self-motion 

when one is stationary (Schnall et al., 2012). This phenomenon occurs when one 
experiences motion in their peripheral vision and can subsequently induce feelings 

of immersion (Schnall et al., 2012). The experience of motion in cinema has proven 
to increase viewer arousal and increase audience attention (Yu et al., 2017). In 

summary, a large screen size is more memorable, prohibits offscreen distractions, 
and can provide the audience with a stronger sense of motion and immersion.  
 

 2.2.b Spatial Relationships 

 Promoting a greater understanding of spatial relationships is another benefit 
of the fulldome media environment. Fulldome theatres can present content at large 

scales, in three dimensions around the visitor. When the size of the screen is larger, 
it allows for the scale of the objects presented in the media to be equally as grand. 

Hence, content that centers around scale and space can be more dynamically 
presented, experienced, and understood. 

           In 2008, Jeffrey Jacobson conducted a study amongst middle school 
children on the learning acquired from an educational game that was presented on 

a desktop screen and an immersive display in a partial dome. The game showcased 
a three-dimensional simulation of a tour through an Egyptian temple. At the 

conclusion of the games, students were asked to give a verbal show-and-tell report 
on the temple, with no external assistance other than a two-dimensional projection 
of the temple. Jacobson reports that students who engaged with the game in the 

immersive environment demonstrated superior factual recall when compared to 
those who experienced the content via a desktop computer (Jacobson, 2011). 

Jacobson concluded that a visually immersive display could aid in learning as long 
as the concept of the educational material utilizes the affordances of the all-

surrounding display. For example, the presentation of an Egyptian temple strongly 
capitalizes on the benefits of a dome because it permits the viewer to be placed 

inside of the virtual temple, which is how the architecture is intended to be spatially 
experienced (Jacobson, 2011).  
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           However, learning outcomes can vary significantly depending on the student. 
In 2017 a study was also conducted utilizing a fulldome environment and two-

dimensional display, which tested the learning of survey knowledge, or knowledge 
which is concerned with the general layout of a space (e.g., a map) (Hedge et al., 

2017). In this study, researchers found that males showed higher levels of 
performance when presented information in a fulldome environment. By contrast, 

female participants did not show an improved learning gain when experiencing the 
content in a fulldome when compared to a desktop presentation (Hedge et al., 

2017). These findings suggest that while the fulldome can be utilized as a tool to 
enhance spatial learning, the impact of the medium can vary between individuals.  

 

 2.2.c Immersion 

 While immersion is touted as a ubiquitous affordance of the fulldome 
medium, the precise meaning and definition of the term remain unclear. It is a 

concept that transcends research fields and is discussed in conjunction with a 
variety of terms, including presence, illusion, interactivity, and simulation. Regarding 

media environments, Buczek (2012) states that the term refers to a flat image being 
transformed into a virtual, three-dimensional space (Buczek, 2012). This idea of 

immersion refers to the dissolution of the boundary between the physical space of 
the viewer and the digital space of the image. This definition emphasizes the ability 

of immersion to transcend the physical world and transport the viewer into the 
virtual (Buczek, 2012).  

           By contrast, Rogers (2019) states that aligning the term with virtuality and 
simulation can disregard important bodily considerations of immersion, including 

presence and spatial relationships. Rogers (2019) notes three specific conditions for 
immersion. First, the environment must be larger than the body it envelops. Second, 

the user must perceive their body as being near the container, and therefore an 
extension of the space. The third condition is the combination of the two. In order to 

experience immersion, a body must come in close proximity to a larger space, 
which additionally provides the capacity to surround the viewer (Rogers, 2019).  

           The fulldome theatre is an ideal candidate for the facilitation of both of these 
definitions of immersion. When digital imagery is displayed around the viewer in 
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multiple directions, they can feel as if they are genuinely within the virtual 
presentation provided by the simulated media. The spacious, spherical shape of the 

fulldome allows viewers to position their bodies inside an architectural space, 
permitting them to feel a part of the real-world environment. While other immersive 

virtual environments, such as head-mounted displays, maintain extremely close 
proximity to the viewer’s field of view, the fulldome permits the viewer to perceive 

their body as inside and in proximity to both a physical and virtual space.   
 

2.3 Challenges 

While the fulldome medium offers numerous benefits, the environment also 

possesses several constraints which can impact both the producers and users of 
the medium. Herein, the challenges of fulldome media relative to costs, staffing, 

space, and user experiences are presented. The importance of outlining these 
factors was especially relevant to the design considerations undergone in the 

production of this thesis. Understanding the common pitfalls of the medium was 
essential to making design and artistic decisions for the project. 

 
2.3.a Cost 

 The costs of fulldome media experiences vary. Small domes can be as little 
as 10,000 Euros, while large multimedia theaters outfitted to seat several hundred 

people can cost several million Euros.  Additionally, a large amount of content for 
fulldome environments is created utilizing expensive 360-degree camera rigs, and 

three-dimensional animation. The low end of video production costs for fulldome 
content can begin around 150,000 Euros and extend to more than a million for 

larger shows (Bruno, 2008). Mike Bruno, creative director of Spitz Inc, which 
specializes in fulldome production, licensing, and distribution, stated that the 
average cost of a 24-minute animated show, with 4k x 4k resolution, would cost 

between 300,000 and 600,000 USD (Bruno, 2008). This price is only reflective of the 
cost of the video production. Licensing fulldome shows costs significantly less than 

producing original content (approximately 2,000 to 25,000 USD) (Bruno, 2008). 
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However, this lower cost comes with the tradeoff of having no authorship or input 
on the previously created content.  

 
2.3.b Personnel 

 The production of a fulldome video and the construction of a fulldome 

environment requires specialized skills, a few including 360-degree production, 
projection mapping and blending, hardware troubleshooting, engineering, and 
construction. Paying for a team of designers and engineers is costly. There is also a 

need for facilitators and staff to upkeep and monitor audiences inside the dome, 
after it is produced. This requires additional resources to be allocated to training for 

the maintenance of hardware and software used in the dome.  
 

2.3.c Space 

 Similar to cost, issues of space needed to house a fulldome theatre can 

provide constraints. Especially relevant for schools and universities is the challenge 
of acquiring an adequate space for a fulldome environment. The room that a 

fulldome theatre is housed in should be large and ideally devoid of light and sound, 
which could distract from the fulldome media experience. Considering the fulldome 

media environment is outfitted with costly equipment, the room needs to be 
adequately secured. While some small-scale domes are suitable for the outdoors, 

few are permanently installed. If institutions aim to have a permanent fulldome 
environment, they must invest in an agreeable long-term space for the theatre. 

Considering larger fulldomes possess greater space requirements than smaller 
domes, the impact of this constraint can be lessened in the implementation of a 

smaller fulldome environment.   
 

2.3.d User Experience 

 Although there are multiple potential benefits to the fulldome environment, 
there are also challenges to various aspects of the user experience. Depending on 

the seating of the dome, audience members could be uncomfortable laying on the 
ground or cushions and may prefer a standard theatre chair. However, stationary 
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chairs can cause discomfort because the wide format of the media provokes them 
to constantly turn and look in all directions. 

           An additional challenge to user experience is the psychological anxiety that 
can accompany 360-degree media presentations. Audience members have 

reported feeling overwhelmed by the option to look behind them and can feel as if 
they do not know where to look (Buczek, 2012). User anxiety can be alleviated by 

limiting the field of view in the projected media, as well as making conscious media 
design considerations to direct the gaze of the visitor and avoid overwhelming them 

with visual information.  
           Immersive virtual environments can also provoke simulator sickness in 

individual visitors (Schnall et al., 2012). The symptoms are akin to motion sickness, 
causing varying degrees of nausea and disorientation. The very aspect that leads to 

a more profound sensation of immersion, the feeling of self-motion, can also cause 
this unfortunate response. Simulator sickness occurs when the motion perceived by 

the vestibular systems inside the user's ears perceives motion that is inconsistent 
with what the user's eyes perceive (Yu et al., 2017). Fortunately, improvements in 

technology and a deeper understanding of how simulator sickness is caused have 
led to decreased symptoms reported by users (Schnall et al., 2012). Following 

specific guidelines in fulldome filmmaking practices, as discussed in the 
subsequent section, can help avoid simulator sickness in audience members. 
 

2.4 Filmmaking Practices for Fulldome 

 As distinctive as the spherical architecture is the immersive media presented 
in the fulldome. While the content is often positioned from the perspective of a 
virtual camera, the field of view is chosen by each individual, providing a 

customized experience of the immersive presentation. This positions the viewer as 
an active observer who is supremely aware of their freedom to explore the 

expansive screen (Elmezeny et al., 2018). When successfully executed, fulldome 
films empower the audience to gaze in all directions as the media transpires around 

them.  
           Herein, an overview of fulldome cinematography is presented, outlining its 

unique characteristics and best practices. Topics that will be covered include timing 
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and cuts, narrative, the issue of the gaze, motion, and frame rate. The majority of 
the chapter is informed by research conducted by Yu et al. (2017) in their paper, 

Filmmaking for Fulldome: Best Practices and Guidelines for Immersive Cinema Part 
II. Due to the newness of the medium, few papers have been published which 

specifically discuss filmmaking practices for fulldome films. While the variety of 
authors is limited, the compiled research of these fulldome filmmaking practices 

provides an informed guideline for the subsequent evaluation of the fulldome media 
produced in this thesis.   

 
2.4.a Introduction to Fulldome Cinematography 

 Fulldome cinematography is deeply rooted in traditional filmmaking. Yu, 
Neafus, and Wyatt (2017) assert that filmmakers principally utilize two methods to 

influence the audience’s perception of the media. One is directing the mise-en-
scene, which is the arrangement of various components inside a shot, including the 

actors, lights, scenography, and camera path. The second is editing, where shots 
are intentionally cut, arranged, and often paired with sound to guide the viewer’s 

emotion and comprehension of the narrative (Yu et al., 2017). While the fulldome 
medium can certainly utilize these two methods, its adaption is thoroughly 

divergent, requiring a new assessment of best filmic practices.   
 

2.4.b Timing and Cuts 

 Throughout the evolution of filmmaking in the 20th century, most films were 

physically sliced and affixed together, hence the term “cut” to indicate the 
immediate transition from one shot to another (Yu et al., 2017). This process 

became known as continuity editing, where shots are cut and placed in a particular 
order to aid the audience in narrative meaning-making (Yu et al., 2017). In fulldome 

filmmaking, the number of varying shots and the pace of cuts is significantly 
decreased compared to traditional cinema. This editing strategy minimizes the 

occurrence of motion sickness, which can be caused by fast-paced cuts and 
camera motion (Yu et al., 2017). The reduced pace of cuts also allows the audience 

enough time to orient themselves to changes in shots, which are felt more 
dramatically in this large, wrap-around format (Yu et al., 2017). Because the field of 
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view surrounds the viewers, fulldome filmmakers should strive to give their audience 
sufficient time to absorb the all-encompassing visuals.  

           An emerging trend in fulldome filmmaking is to employ an editing approach 
where there are no cuts. Known as a narrative journey mode or ‘unchained camera 

technique,’ a single camera takes the viewer through one scene, ever deeper into 
space (Buczek, 2012). This effect is especially useful in dome environments 

because the motion facilitates a dynamic feeling of immersion (Buczek, 2012). The 
audience experience is not that of an outside observer of a scene in motion, but 

rather they feel as if they are personally journeying through space. Chamier-Waite 
(2013) challenges this first-person point-of-view trend, stating its overuse in modern 

fulldome narrative. They offer a critique to the burgeoning fulldome cinema 
tendency to explore “spatial relations rather than temporal relations” (Chamier-

Waite, 2013, p. 7). This crutch is akin to early cinematic practices when directors 
were averse to cutting away from a wide shot (Chamier-Waite, 2013). While this 

camera technique may successfully induce immersion, filmmakers may benefit from 
exploring additional camera shots and paths of motion.   

 

2.4.c Narrative 

 Akin to traditional cinema, at the heart of fulldome filmmaking is storytelling. 
A primary objective of fulldome content developers is to engage the audience with 
shots that emphasize immersion, not only in the visual format but also in the 

narrative. An interesting dilemma appears in the fulldome, where the immersive 
potential provided in the 360-degree format is lost when the audience is not cued to 

look around the screen. The freedom to explore the all-encompassing 360-degree 
video can cause anxiety in audience members as they feel pressured to form an 

unaided perspective of the media (Buczek, 2012). To avoid this discomfort, 
filmmakers should strive to provide sufficient visual or auditory narrative cues, 

guiding the audience’s gaze throughout the dome (Yu et al., 2017). In fulldome 
media, the narrative is not only told with time but also through its position in space.  

 Because the production of media for fulldome presentations is relatively new, 
audience expectations are yet to be defined, allowing filmmakers more liberty for 

experimentation when compared to established traditional film genres. Additionally, 
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due to the unique architecture of the dome, it lends a greater degree of freedom for 
fulldome content creators to rely less on crafting a traditional narrative and craft 

productions that are more experiential and oriented towards another spatial 
dimension (Bergermann, 2019). Despite this freedom, current mainstream fulldome 

productions largely adhere to a limited range of narrative motifs (Chamier-Waite, 
2013). Because the digital fulldome originated within the realm of planetary 

education, image and narrative surrounding outer space is a prominent theme in 
fulldome filmmaking. Additionally, narratives that situate the audience underwater 

are a common trope, given the dome’s ability for the audience to look up and 
around them (Chamier-Waite, 2013). While limitations of the technology and 

accessibility of fulldome production methods have provided constraints to the 
evolution of cinematic language in fulldome films, the growing ease of media 

production for fulldome cinema, accompanied by the rise of independent artists that 
are tackling the medium, offers a future promise of diverse and novel fulldome 

narratives.  
 

2.4.d Gaze 

 The architecture of the fulldome presents a unique dilemma for filmmakers in 

directing the audience's gaze. Research in traditional film formats has shown that 
when audiences experience continuity editing in professional films, their eyes tend 

to look at the same place on screens (Yu et al., 2017). When edited successfully, 
research utilizing eye-tracking measurements shows that varying viewers' gaze will 

tend to cluster in the same location, at the same time, within the frame (Yu et al., 
2017). The fulldome entails an entirely novel issue of the gaze. Because the film 

extends beyond the audience's field of view, the viewer feels prompted to look in all 
directions. Eye-tracking tests conducted in a fulldome found that when viewing 
extended cuts, audiences initially shared similar points of focus but over time 

became increasingly randomized (Yu et al., 2017). Variety in audience gaze presents 
challenges for media creators to focus the audience's attention on specific narrative 

cues that aid in understanding the film.  
           Yu et al. (2017) propose various techniques to combat the challenge of 

focusing an audience's gaze when viewing immersive fulldome media. One method 
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is to utilize audio to attract viewers' eyes to a specific part of the screen. Audio cues 
can include music, sound effects, and dialogue. Sound is especially effective if the 

theatre is outfitted with three-dimensional acoustic spatialization software and 
hardware, and the audio cues are spacially linked to visual objects on the screen. 

Another strategy is to visually compose shots to accentuate and bring attention to 
certain onscreen elements, which has a longstanding tradition in filmmaking. These 

techniques include utilizing contrast with light, color, shape, size, or movement. A 
point of emphasis is created when one or multiple of these elements dramatically 

differs from the scene around it (Yu et al., (2017). By creating a visual hierarchy in 
the fulldome composition, the director can cue the audience to look where 

intended.  
           Studies in psychology and human vision can also help establish techniques 

to attract the viewer's gaze. Kiessling et al. (2017) detail several ways filmmakers 
can establish emphasis in a scene. The inclusion of anthropomorphic characters will 

attract viewers' attention above inanimate elements due to humans' need for self-
recognition. Objects in motion will effectively capture attention unless all of the 

objects seen are in motion, in which case the still objects will capture the 
audience's gaze. The human brain will also be drawn to elements that feel off-

balance, such as an object that appears to be on the verge of falling. Humans also 
tend to look towards forms that are bright rather than dark. (Kiessling et al., 2017) 
These findings can further assist filmmakers in directing the audience's gaze.  

           Camera motion and path are an additional component of fulldome 
filmmaking research. When employed effectively, the camera can guide the 

audience's gaze to important narrative or experiential elements. Because humans 
naturally fix their gaze on where they are going, the eyes tend to shift towards the 

direction of movement (Kiessling et al., 2017). Yu et al. (2017) write that human 
vision research has also proven that the human gaze tends to retreat to the center. 

This phenomenon is especially true with fast cuts but is also observed in long, static 
shots (Yu et al., 2017). When fulldome filmmakers consider where to place and 

move their physical or virtual camera(s), these findings can aid in their facilitation of 
the gaze.   
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           The gaze is also heavily dependent on seating in a fulldome theatre. If the 
audience is sitting and facing forward, their gaze will most likely default to the front 

position (Kiessling et al., 2017). However, if audiences are lying on mats or standing, 
the gaze will be drawn in varying directions. Outside of filmmaking practices, the 

architectural elements of the seating can additionally affect the gaze, and therefore 
should be predetermined before the production of the film.  

 

2.4.e Motion and Frame rate 

 Motion is an essential component of fulldome filmmaking and plays a crucial 
role in viewer arousal and immersion. When a camera pushes forward in a fulldome 

video, foreground objects shift into the peripheries of the audience's field of view, 
and the entire on-screen presentation moves. The motion perceived in a human's 

peripheral vision can lead to the experience of vection, which Yu et al. (2017) define 
as the "sensation of motion even when the viewer is stationary" (Yu et al., 2017 p. 

4). Vection aids in immersion as audiences feel the movement of the film actively 
happening to them as if they are moving (Yu et al., 2017). In contrast, if motion is 

only happening to objects inside the viewer's field of view, they will perceive only 
those elements in motion and not themselves (Yu et al., 2017). This perception of 

motion can provide insight into the increase of immersion experienced in giant 
screen and fulldome films compared to traditional rectilinear film formats.   
           Frame rate is an essential filmmaking component to consider when 

employing camera motion or moving objects in a fulldome environment. While the 
standard frame rate in television and traditional films are 24 frames per second (fps), 

fulldome films most often feature higher frame rates (Lantz, 2011). While the 
standardized format is currently 30 fps, trends in utilizing frame rates of 45 fps and 

60 fps are growing. Fulldome films produced at 30 fps and lower may suffer from 
judder and motion blur, which can distract from the feeling of immersion (Kiessling 

et al., 2017). Judder occurs when there is a perception of the "spatial separation of 
images between individual frames (Lantz, 2011, p. 298)." Motion blur occurs when 

an image appears blurred due to "motion within the exposure time of a single frame 
(Lantz, 2011, p. 298)." While utilizing higher frame rates eliminates these distractions 

and provides a more convincing representation of motion, the production cost of 
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creating fulldome films with 45 fps and 60 fps has stopped smaller developers from 
adopting these rates (Kiessling et al., 2017). A higher frame rate can make the 

motion of objects more convincing, and because motion is so integral to the feeling 
of immersion, fulldome filmmakers must seriously consider the tradeoff of cost and 

quality. 
           This section signals a conclusion to the topics discussed in the literature 

survey. By investigating the history and current state of fulldome media 
environments, the survey has provided a context for the trends that have emerged 

in both the construction of the fulldome theatre and the production of fulldome 
media. This foundation provided an entry to discussing the affordances and 

challenges that permeate the fulldome architecture and the media content. 
Additionally, this chapter thoroughly examined research concerning fulldome 

filmmaking best practices. The literature survey was utilized to inform many aspects 
of the construction of the dome and the design of the media, which will be 

subsequently presented.   

 

3. Fulldome Film Production 

 

This chapter provides a thorough overview of the design decisions and 
methodologies that were undergone during the planning and production of the 

media for this thesis project. First, a description of the media design provides an 
overall understanding of the objective and subject matter presented in the fulldome. 
Second, a discussion of the stages undertaken during the production of 

approximately nine minutes of animated media is documented. Lastly, the 
production of the media and design considerations are compared to the best 

practices as established in the literature survey. 
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3.1 Media Design Overview 

  The media design reflects an entreaty for experimentation by capitalizing on 
the opportunities for the fulldome film to be less narrative and more experiential. 

This experience is further compounded by the film’s unique occupation of a 
divergent spatial dimension. The desire to explore the stirring spatial presentation of 
the dome is reflected in the content of the media design, which features a colorful 

medley of animated landscapes.  
For this project, the animations presented in the fulldome were created from 

famous artworks. When visitors enter the dome, they are surrounded by three 
equidistant virtual images floating in the spherical theatre. The iconic selection of 

artworks includes: “Water Lilies” by Claude Monet, “The Great Wave off Kanagawa” 
by Hokusai, and “The Dream” by Henri Rousseau. Through the use of a cell phone 

application, users can select the artworks to playback one at a time. Once selected, 
the media dissolves into a panoramic tableau of an expansive landscape, 

composited from multiple images from the individual artists’ collection of works. 
The frame of the artwork, both visually and figuratively, recedes as imagery 

surrounds the audience. Each scene builds upon the original artwork by digitally 
synthesizing the image with other images from the artist’s body of work. These 

scenes are delicately animated with various layers of the painting, transforming 
dynamically in three-dimensional space. Each animated scene runs for 

approximately two to three minutes and is accompanied by audio. Once an 
animation has concluded, it dissolves to the opening scene, where the visitor can 

again select an animated sequence from one of the three artworks. This viewing 
process is illustrated below in Figure 2.  
 Thematically this film centers around the dissolution of the traditional frame, 

which mimics the architecture of the fulldome and its suspension of the screen. 
Both in the film and in the architectural structure, the fourth wall of the exhibition is 

discarded as the painting engulfs the observer. A unique paradigm exists in this 
medium where the paintings move instead of the visitor. The visitor does not walk 

around to observe the painting from various viewpoints; rather, the painting comes 
to the visitor from all angles. Moreover, the visitor is positioned inside the painting 

rather than distantly viewing the frame on an exhibition wall. 
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 The decision to create the animations from two-dimensional images 
underlines the key objectives of this project. All of these artists’ works are available 

online for redistribution, reuse, and modification under the Creative Commons 
License. Additionally, because the content is two-dimensional, it allows for more 

creators to utilize these elements in readily-available and affordable animation and 
film production software. Sourcing pre-existing two-dimensional artistic content, 

which is freely available on the internet, further underscores the main motivational 
factors of this project to provide a fulldome filmmaking methodology that is 

affordable and accessible.   

Figure 2. The stages of the media design for the fulldome 
media environment. 
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3.2 Fulldome Filmmaking Methodology 

 This section aims to discuss the various stages of the production of the three 
fulldome animations. These phases of production included: image research and 

selection, compositing, animation, audio production, and rendering. The origination 
of this process was rooted in my previous professional experience in documentary 
filmmaking. The execution of the animations also reflects the core research goal to 

provide an affordable methodology for fulldome media production. While many 
fulldome filmmaking methods can be costly and specialized, including utilizing 360-

degree camera rigs or crafting photorealistic three-dimensional computer graphics 
renderings, this method utilizes free source materials and employs editing tools 

within the Adobe Creative Suite. These tools are widely used, relatively affordable, 
and have vast amounts of online resources to support creators. Additionally, this 

methodology reflects the project’s objective to induce a feeling of immersion. This 
section will detail how the role of immersion affected the image selection, 

compositing, and animation process.  
 

3.2.a Image Research 

The first step in the fulldome film production methodology was image 

research. In order to create 4K animations from archival artwork, it was necessary 
to collect copyright-free images that were available in high resolution. Accessibility 

is a strong pillar of this research. When considering what material to use to create 
the content of the media, I wanted to utilize sources that other creators could also 

access. I collected archival materials from multiple museums and databases that 
provided high-resolution, copyright-free images. These sites and accompanying 

institutions included: Wikimedia Commons, Metropolitan Museum of Art, Art 
Institute of Chicago, The National Gallery of Art, and Raw Pixel.  

As I proceeded with the image research, I found that certain prolific artists 
had a greater degree of high-resolution material available freely online. The 

abundance of images, specifically images of the same environment, made the 
immersive scenes relatively easier to composite. I was primarily interested in finding 
images that showcased various natural environments because I aimed to 
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monopolize one of the key affordances of the dome, which was to create a strong 
sense of space. Landscape paintings generally aim to represent three-dimensional 

environments. By re-interpreting these two-dimensional artworks and presenting 
them in an immersive hemispherical display, I would showcase the imagery in a 

spatial form analogous to the original landscapes that the artists aimed to 
represent.  

I also believed that natural environments allowed for unique animation 
opportunities. The natural world is full of subtle movement. I wanted to bring these 

artworks to life by applying motion to the original imagery. Utilizing the dome as an 
exhibition for the natural world is not a new idea (e.g., views of outer space in 

planetarium domes), but the presentation of the natural world via archival imagery 
yields a novel and more affordable opportunity for animated fulldome media. 

 
3.2.b Image selection 

After downloading and cataloging over one thousand images, I chose three 
artists who had extensive artworks of natural environments in high resolution 

available online and, additionally, were copyright-free. The three artists selected 
were Katsushika Hokusai, Claude Monet, and Henri Rousseau. These artists' work 

arises from very disparate art styles, allowing for unique and distinctive 
atmospheres to be presented in the dome.  

           The following pages showcase a screenshot of each of the scenes in the final 
animations and the original artworks from which they are sourced. There are 

approximately four scenes in each animation (not including transitional elements 
that were utilized to change from one scene to another). Some scenes are 

composited from one image, while others are composed of multiple works. While I 
wanted to maintain the authenticity of the style of the artist, I took creative liberties 
to manipulate the compositions to better align with the architecture of the fulldome 

and the best practices in fulldome filmmaking. The selection of images and final 
shots (as depicted in an equilateral format) are illustrated below in figures three 

through eight. 
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 Figure 3. The animation stills and the original images utilized in 
Scenes 1 and 2 of the Henri Rousseau animation.  
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 Figure 4. The animation stills and the original images utilized in 
Scenes 3 and 4 of the Henri Rousseau animation.  
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 Figure 5. The animation stills and the original images utilized in 
Scenes 1 and 2 of the Hokusai animation.  
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 Figure 6. The animation stills and the original images utilized in 
Scenes 3 and 4 of the Hokusai animation.  
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 Figure 7. The animation stills and the original images utilized in 
Scenes 1 and 2 of the Monet animation.  
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 Figure 8. The animation stills and the original images utilized in 
Scenes 3 and 4 of the Monet animation.  
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3.2.c Compositing 

After collecting the images, I began to composite them in Adobe Photoshop 
to create storyboards and prepare the project for animation. The compositing 

process consisted of rotoscoping, or cutting out, elements of the artwork that would 
be utilized in the scene. It also involved digitally painting certain backgrounds and 

assets to meticulously match the original rotoscoped elements. Additionally, the 
layers are color corrected to create a single cohesive shot. Moreover, when a layer 
was cut out from a painting, that layer needed to be separated from the 

background, or else the layer will be visible twice and ruin the parallax effect.  
 As shown below in figures 9 and 10, during the first phase of the 

compositing process, I placed a variety of images from the artist onto the 
Photoshop canvas. Methodically, I chose aspects of the artworks to highlight and 

then blended and integrated each seamlessly into one another to create a cohesive 
environment. I imported and tested multiple images to find a compatible and 

representative environment. The final image is not a replica of a single original 
artwork but rather an imaginative amalgamation of a large body of the artists’ work.  

 Thematically, this composting method speaks to a larger narrative 
throughout the work. Often, a single work of an artist is iconic and overshadows 

other works by the artists. Introducing relatively famous images with the artists’ 
lesser-known renderings showcases the image as a part of a larger body of work, 

which can engage viewers to learn more about the artist. The subsequent figures 
showcase the progression of the compositing process from start to finish. 
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Hokusai Compositing Progression 

Figure 9 showcases the progression of compositing scene 1 in 
the Hokusai animation.  
 
Figure 9. Frames which illustrate the progression of compositing 
for scenes 1, 2, and 3 of the Rousseau animation.  
 

Rousseau Compositing Progression 
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Figure 10. Frames which illustrate the progression of compositing 
for scene 1 in the Hokusai animation. 
 

Hokusai Compositing Progression 
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3.2.d Animation 

After the images were composited and cut into various layers, I imported 
them into Adobe After Effects, a popular post-production and motion design 

software. This software was chosen because of its relative ease of use and 
accessibility, especially when compared to three-dimensional animation software 

and game engines. Once imported, I converted the image layers into three-
dimensional objects, which gave the layers the ability to be placed on the Z-axis in 
three-dimensional space within the composition of the project. The next step was 

the addition of a virtual camera to the scene. As outlined in the literature review, a 
common principle in fulldome filmmaking is to move a camera forward through a 

scene with no cuts (Buczek, 2012). I utilized the unchained-camera technique in a 
majority of the shots, with the goal of inducing immersion. After I placed the 

camera, I positioned the layers in three-dimensional space, as shown in figure 11 
below.  

Figure 11. Screenshot from the After Effects interface, showcasing the placement of image layers in 

three-dimensional space.  

 
Once I positioned the camera to move through the scene, I animated the 

individual image layers by adding both keyframe and scripts to the individual 
elements. My main objective with the motion design was to subtly mimic the natural 
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motion of the object, which the original image aimed to represent. For example, In 
the Hokusai Scene 2 ocean animation (see figure 5), the waves are animated to rise 

and fall organically, as they would in an actual ocean environment. Furthermore, I 
aimed to further the link with the original natural environment by adding elements 

and simulations that were not native to the artworks, such as rays of light, water 
particles, fog, and dust. These layers aided in imbuing the two-dimensional 

artworks with a sense of space and atmosphere. At the conclusion of the animation 
process, I exported the animation to Adobe Media Encoder to render the 

sequences. 
 

3.2.e Rendering 

 Due to the importance of image quality in fulldome presentations (Yu et al., 

2017), the animations were created and exported in an equirectangular format with 
a resolution of 4,000 by 2,000 pixels. This resolution, compounded by the number 

of effects and utilization of 3D space, caused the render times to range between 24 
and 200 hours. Due to this extensive interval, the decision was made first to render 

the images as a JPEG sequence and subsequently render those images with a MOV 
codec. Because the time to render took so long, rendering in formats such as H264 

or MOV would often fail midway through the render. By exporting as individual 
JPEG images, even if the encoder crashed, frames previously rendered before the 

crash were saved. Once I finished the rendering of the JPEG sequences, they were 
imported into a second composition in After Effects and rendered out with the MOV 

codec. When rendering from the JPEG sequence, the render time took less than an 
hour.  An alternative rendering method that commercial productions utilize is 

employing a rendering farm- an external computer system specifically built to 
render digitally simulated imagery. However, subscriptions or one-time payments to 
these companies can be costly, depending on the amount of material needed to be 

rendered.      
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   3.2.f Audio Production  

The emphasis of the fulldome media production for my thesis was placed on 
the video production execution. While audio is equally imperative for an impactful 

cinematic experience, I found it necessary to limit my research scope. However, this 
does not mean that I completely disregarded the audio. When researching sound 

effects and music to pair with the animations, my aim was to source audio that 
promoted feelings of calmness and relaxation. The sounds utilized in the audio 
production of the animations are composed of copyright-free, ambient natural 

sounds, which were chosen to match the visuals present in the animations. In the 
final implementation of the audio, a sound designer, Sharif Jamaldin, composed the 

final three mixes, one for each animation. These tracks were played through two 
studio-quality speakers on the left and right sides of the dome. 

 

3.3 Analysis of Design Considerations for Fulldome                                                                                                                         
Filmmaking Informed by the Literature Review 
       
The design and artistic decisions made throughout the production of the 

fulldome animations were heavily informed by the previous research established in 

the literature survey. The filmmaking practices that were consulted proved vital to 
understanding the unique qualities of the fulldome environment and media. This 

section will highlight the ways in which I consciously chose to adhere to or 
disregard certain established principles of fulldome filmmaking when producing the 

three exhibited animations. These design considerations are further examined in 
Chapter 7, which discusses the results of the usability test carried out in the 

fulldome media environment.   
 

3.3.a Timing and Cuts 

As noted in section 2.4.b of the literature survey, fulldome films can benefit 

from having a slow pace with minimal cuts (Yu et al., 2017). When crafting the 
animations, I aimed for each animated scene to last for at least thirty seconds, 

giving the audience ample time to explore the scene. Scenes with more details were 
extended for slightly longer than comparatively minimal compositions. There were 
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approximately four scenes in each animation, with varying lengths of transition 
scenes. I employed minimal direct cuts, instead opting to create transitions with 

dissolves and changes in camera movement. In the majority of the scenes, the 
single-shot, unchained camera technique is used, where a single camera travels 

slowly forward into the scene, providing a unique sense of immersion (Buczek, 
2012). Instead of creating an abundance of changing scenes, I focused on adding a 

variety of animated layers within a single three-dimensional scene and pushed one 
camera slowly through the scene to keep the audience engaged and exploring the 

space and imagery. 
 

3.3.b Narrative 

 The development of the narrative was inspired by the unique hemispherical 

form of the dome. Similar to the architecture, I wanted to craft an experience that 
was less concerned with the context of the traditional cinematic frame and, as 

Bergermann (2019) states, was more oriented towards a unique spatial dimension. 
Landscape paintings were utilized as the jumping-off point of the narrative because 

these images aimed to reflect an expansive three-dimensional space. The narrative 
does not rely on cuts and a script to guide the audience’s perception. Rather, the 

audience garners their own unique perspectives by experiencing themselves within 
the landscapes. While I included three night-time scenes in my animations, the 

majority of the compositions aimed to avoid common tropes of outer space and 
underwater scenes, as outlined by Chamier-Waite (2013). I sourced artworks that 

illustrated diverse landscapes and selected artists with varying styles to craft the 
animations. My goal was to present the scenes in a form that felt authentic to the 

original style of the artist while editing the content of the scenes to fill the fulldome 
theatre and provide continuity in the narrative.   
 

3.3.c Gaze  

  Animation decisions, especially concerning the composition of the scenes, 
were made to anticipate the gaze of the audience. My objective in this regard was 

twofold. First, I aimed to highlight essential parts of the artworks by emphasizing 
certain elements at various times. Second, I wanted to strategically place these 
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elements around the dome to encourage the audience to look around the entirety of 
the space.  

 Fulldome filmmaking techniques utilized to establish points of interest are 
outlined in section 2.4.d by Yu et al. (2017). These authors wrote that contrast in 

light, color, shape, size, or movement between various elements could emphasize 
certain elements in a shot. Due to the fact that the original artworks were created by 

championed masters of their craft, they tended to excel in their implementation of 
creating visual hierarchy in their compositions.  

A core visual objective of the animations was to stay true to the original 
aesthetic of the artwork. Accordingly, I tried to limit the degree of alterations in 

color, shape, and size to the original artworks. Instead, I opted to use movement 
and animation to guide the viewers' gaze around the dome. For example, in the 

Rousseau animations, which have the most detail and variety of elements, I would 
animate individual layers to move and appear in the scene at various times. In the 

opening scene of the Rousseau animation, the central and most important figures 
appear in the center, but as the scene progresses, other animals, which are 

positioned on the sides and ceiling of the dome, animate from behind bushes and 
trees. The animation introduces new elements to the ever-evolving scene, intending 

to keep the audience's gaze engaged and motivated to look around the immersive 
theatre.  
 Additional practices for guiding the gaze of the audience in fulldome 

filmmaking were outlined by Kiessling et al. (2017). These methods included the 
utilization of anthropomorphic characters, objects in motion, and brightness to 

attract the visitor to certain areas of the screen. Due to the tendency for humans to 
focus on anthropomorphic characters, I placed these forms in the center of the 

scene, which also adhered to the retreat to the center technique described by Yu et 
al., 2017). These figures, like the woman and child in Scene 3 of the Monet 

animation (see figure 8), act as the central focus of the scene, commanding the 
gaze of the audience. Furthermore, as Kiessling et al. (2017) suggest, I utilized the 

path and movement of the camera to aid in guiding the audience's line of vision. In 
the first scene of the Monet animation (see figure 7), the camera moves from left to 

right, causing the audience to look around the entirety of the scene from one side of 
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the domed theatre to the other. This camera movement fits with the scene's 
uniformity, which does not have a central figure in the composition.  

 In contrast, in Scene 3 of the Hokusai animation (see figure 6), the camera 
moves slowly forward, drawing the gaze of the audience to the front of the domed 

theatre where the central element, Mount Fuji, looms in front of them. While ships 
are positioned on the side of the dome, the volcano is the central focus of this 

scene. The location of the mountain in the center of the frame, combined with the 
camera movement, guides the audience's gaze to the form. These examples 

illustrate my utilization of the camera movement and path to facilitate the audience's 
gaze.  

 It was not possible to adopt all of the techniques suggested in the literature 
survey to produce my fulldome animations. For example, Yu et al. (2017) indicate 

that spatialized audio cues could be highly effective at directing the audience's 
gaze. However, this technique was not utilized due to budget and audio production 

restraints. 
 

3.3.d Motion and Frame Rate 

 In addition to guiding the gaze of the audience, the camera movement and 

frame rate also aided in providing a more profound experience of immersion 
through engaging the audience’s perception of motion. According to Yu et al. 

(2017), vection, which is motion perceived in a human’s peripheral vision, can 
induce feelings of immersion. When crafting the compositions and animations, I 

attempted to ensure that motion occurred throughout the scenes, especially on the 
sides of the domed theatre. The utilization of the forward-moving virtual camera, like 

in Scene 1, 2, and 3 of the Rousseau animation (see figures 3 and 4), aided heavily 
in this regard. When the unchained-camera technique is employed, objects in the 
foreground are pushed to the peripheries, and everything in the frame moves. Other 

camera motions included moving the camera horizontally over the landscape, so 
the entire frame shifts horizontally around the dome, or tilting the camera up and 

down, which leads to more intensely felt experiences of motion. 
 Moreover, the frame rate utilized in these animations permitted the camera 

motion to be more believable. The frame rate of all of the animations aligned with 
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the standardized format of 30 fps, as stated by Lantz (2011). While higher frame 
rates of 45 and 60 fps may have increased the audience’s experience of immersion 

by creating a more convincing representation of the motion (Kiessling et al., 2017), 
the production cost of employing external render farms was out of scope for the 

budget of this project.  
 This section concludes the Fulldome Filmmaking Methodology chapter. By 

providing a thorough overview of the media design and filmmaking methodology 
and considering how the literature survey shaped these decisions, I have illustrated 

how to create a fulldome film with relatively affordable and accessible software and 
media. Additionally, I have explored how a fulldome film can be designed to provide 

an immersive experience. The subsequent section will detail the steps undergone to 
create the fulldome theatre, user interface, and projection.   

  

4. Dome Construction and Media Installation 

  
This chapter provides thorough documentation of the methodology of 

constructing the fulldome theatre and subsequent media installation. The fulldome 
theatre is approximately three meters tall with a five-meter diameter, permitting 

multiple visitors to experience the virtual simulations simultaneously and enabling 
the structure to be fabricated indoors. I determined the size of the dome based on 

structural integrity, budget, the size of the studio room where the installation would 
be housed, and projection specifications.  

Three projectors and a laptop are located outside of the dome and facilitate 

the projection of the animations onto the fulldome structure. Additionally, a mobile 
user interface was developed and implemented to allow visitors to control the 

playback of specific animations. The steps and outcome of the dome construction 
and media installation further underline the primary research objectives of this 

thesis: to construct and document a relatively affordable fulldome media 
environment, which provides deeply immersive experiences.  

 
 



45 
 

 

4.1 Construction 

This section documents the steps undergone to build the fulldome structure. 
These phases include the fabrication of the fulldome and the corresponding 

projection surface. A driving objective of the construction of the dome was to 
assemble the theatre while adhering to a relatively modest budget of 5,000 Euros. 
Due to the cost of the projection equipment, my aim was to create the dome at the 

approximate cost of 800 Euros. With typical prices of fulldome theaters ranging 
from 10,000 Euros to upwards of 100,000 Euros, these environments are not 

available at a price range accessible for most students, creators, or even 
universities. In addition to utilizing inexpensive materials, the majority of resources 

are also commonplace and ubiquitously found in hardware stores globally. 
 

4.1.a Fulldome Fabrication  

 I constructed the geodesic fulldome with painted wooden broom handles, 
which have ball screws on each end and are connected by a hub, with five and six 

connection points. The hub is prefabricated hardware created by Build with Hubs 
ltd, which sells dome building kits. The kit is mass-produced, granting other 
institutions access to the exact tools utilized in the proposed methodology.  

The first step in constructing the dome was to calculate the size of the dome 
and acquire the necessary materials. The Buildwithhubs.co.uk website featured a 

tool for calculating the length of the poles needed to form the dome shape. This 
online dome calculator allowed me to select the size of the dome I aimed to build 

and then provided me with the length of poles necessary to achieve that size.  
  

 

Figure 12. Screenshot from the Dome Calculator on buildwithhubs.co.uk 
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Various materials could be utilized to build the skeletal structure for the dome. I 
opted for broom handles, selecting them for their strength and clean appearance. I 

measured and cut 65 of these handles to match the required size. I cut 30 poles to 
1278 mm and an additional 35 poles to a length of 1457 mm. I then painted the 

poles white to minimize their visibility from inside the dome. Once painted, I drilled 
holes at each end of the poles and secured the Buildwithhubs ball connectors with 

a screw. The outcome of this process is shown in Figure 13 below: 

    Figure 13. Three photographs of the preparation of the broomsticks for the fulldome theatre.  

 

After fabricating the poles of the dome, they were ready to be connected. 
Following the pattern provided by Buildwithhubs, I laid the poles out in triangles on 

the floor, joining the appropriate ball connectors to hubs, layer by layer. Once 
connected, the wooden poles form triangles, creating a geodesic dome. The 

geodesic form affords strength, not only in construction but also in aesthetics. After 
connecting all of the poles, the structure of the fulldome was complete.  

    
Figure 14. Two photographs of the geodesic fulldome skeleton being assembled. 
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4.1.b Projection Surface Fabrication and Installation 

Once I built the exoskeleton of the dome, I considered various ways to 
implement a projection screen on the dome. I tested numerous white elastic fabrics, 

choosing the sample which most vividly displayed the projection. This fabric was 
comprised of 18 percent spandex and 82 percent polyester. After attempting to sew 

a cover, I found it difficult to fashion the material to fit the dome's frame. Because 
the elastic fabric can stretch, it was arduous to calculate measurements that would 
allow the surface of the projection to remain smooth and unwrinkled.  

           To circumvent this dilemma, I opted to create individual wooden triangles 
that corresponded to the measurements of the triangles forming the exoskeleton 

and stretched the white fabric over each triangle frame. This resulted in the labor-
intensive process of measuring and cutting 120 pieces of wood to correspond to 

the existing 30 isosceles and ten equilateral triangles. I cut each end of the wooden 
stick at a specific angle to form the appropriate triangular shape. The posts chosen 

were light enough to avoid compromising the dome's integrity but thick enough to 
hold up against the force of the taught elastic fabric. After I cut the posts, they were 

attached using wood glue. Once the glue dried, I secured the frames further by 
utilizing a staple gun on the corners where the posts met. After the triangles were 

formed, they were painted white.  
           The final step in preparing these projection surfaces was to adhere the 

spandex material to the frame. I achieved this by stretching the fabric over the 
frame and stapling it to the inside of the wooden posts. The fabric had to be 

carefully pulled and adjusted to remain smooth and taught. 
 

Figure 15. Two photographs of the assembly of wooden triangles to form the projection surface. 
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After I covered the 40 triangles in white projection fabric, they were installed 
inside the dome. Beginning at the top of the structure, I connected the ends of the 

triangle to the hubs via a metal wire. The wire was strong enough to support the 
structure but malleable enough to tie the wire from the ends of the triangle to the 

exoskeleton. I also used the wire to secure the middle of bordering wooden 
triangles. Because the fabric was pulled tight over the skinny wood posts, the posts 

tended to curve slightly inward due to the pressure exerted by the fabric. This force 
would cause gaps where the sides of the triangle were intended to meet in order to 

form a cohesive projection surface. While the wire helped correct this issue, the 
seams remained relatively visible. 

 

Figure 16. Three photographs of the installation of the projection surfaces on the fulldome structure. 
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4.1.c Final Stages and Outcome 

Once I attached the projection surfaces to the structure, the dome was lifted 
and attached to .5 meter posts. Raising the dome off the ground created a greater 

distance between the projectors and the projection surface. This factor permitted 
the projection to have a broader coverage (approximately 75 percent of the 

fulldome surface) which was necessary, considering the limited amount of 
projectors available due to budget constraints. After I secured the posts, I tightened 
screws in the hubs of the dome to ensure the structure did not move. While not 

depicted in the following images, I purchased a cushion for the fulldome to ensure 
the comfortable viewing of the immersive environment. It is imperative that viewers 

were encouraged to sit or lie down rather than stand because forms standing in the 
space could block the projection. The following figures, 17 through 21, showcase 

the final outcome of the fulldome and projection surface construction. 
 

Figure 17. Photograph of the outside of the completed dome structure.  



50 
 

 

Figure 18. A detail shot of the hub connecting six broomsticks.  

Figure 19. A detail shot of the wire which was used to secure the projection surfaces to the fulldome 

skeleton.  
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Figure 20. Photograph of the top of the dome, shot from inside the structure.   

 

Figure 21. Photograph of the entrance to the fulldome theatre. 
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4.2 Media Installation 

 Following the construction of the fulldome structure and projection surface, 
this section will detail the subsequent phases of installing the projection and media 

playback inside the dome. These stages include the setup of the projectors and 
projection blending software and a description of the software and techniques 
utilized to construct a user interface that controls the playback of animations. 

Relative to the main goals of this thesis are the minimal costs of the software 
utilized in the media installation and the multi-projection setup and blending, which 

enabled a wide and immersive viewing area.    
 

4.2.a Projection Setup 

After I built the structure, three HD projectors were installed outside of the dome. I 

positioned the projectors, so the projection covered a majority of the dome while 
providing enough overlap between the three projections to adequately blend the 

image. The final setup featured one projector located at the back of the dome (the 
entrance of the dome is considered to be the front), with the other two projectors 

positioned on opposite sides towards the front of the dome, each pointing towards 
the opposite wall. This setup provided enough space to blend the projection and 

cover approximately 75 percent of the dome’s surface area. 

Figure 22. Screenshot of the Omnidome interface.  
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 Once I determined the position of the projectors, I entered their 
specifications into the Omnidome software. Developed by Brook Cronin and 

Michael Winkelmann, Omnidome is an open source video mapping program 
designed explicitly for dome projection. After aligning the virtual projectors to the 

physical ones, I warped the alignment of each projector in an attempt to create a 
seamless projection. Once I finished the alignment, I blended the projection by 

masking out specific areas where the projection overlapped. This process of 
warping and blending the projection was challenging. While I was able to make 

steady improvements on the quality of the blending, there were some scenes in the 
animations where the overlap of the projection remained noticeable. The result of 

this phase was the installation and manipulation of the projection to cover 
approximately 290-degrees of the dome. The next step was to facilitate the 

playback of the three animations into the Omnidome software.    
 

Figure 23. Photograph of the Omnidome projection blending on the fulldome.  
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4.2.b User Interface and Playback 

 I created a mobile application to empower viewers to choose the order and 
time they watched the three animations created for this installation. I made the 

application with a software called Touch OSC Editor. The editor was downloaded 
for free online with the corresponding phone application costing approximately five 

euros to download from the Apple App Store. This software allowed me to quickly 
create an application with three buttons that sent out OSC (Open Sound Control) 
messages when pressed. The application sent messages including specific 

addresses to an assigned ephemeral port. In order for the cellphone application to 
communicate with Vuo, which is the application that controlled the media for the 

dome, it needed to be updated with the IP address of the host computer where the 
media application was running and told the port number of where to send the OSC 

messages.    
 

                               

Figure 24. (Left) Screenshot of the mobile interface created in the Touch OSC Editor App.  

(Right) The Touch OSC application port form.  
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 To playback the animations in conjunction with the touch OSC application 
and map the equilateral animations to fit the half-sphere shape of the dome, a 

composition was created in a node-based application for interactive media 
experiences called Vuo. Vuo is available for free via the community edition and at a 

relatively inexpensive cost via the pro edition. The composition created for the 
project can run effectively in the community edition and is visible in Figure 25 

below. 
 

 

Figure 25. Screenshot of the composition created in Vuo for the fulldome media environment.  

  
The composition starts by listening for an OSC message. Each button in the 

Touch OSC application contains a unique address that is sent when pressed. This 
specific address correlates to an explicit animation organized as a list in this 

project. For example, the top button on the application, which contains the text, 
“Hokusai” includes a specific address, which, when received by Vuo, will trigger the 

retrieval of the Hokusai animation from a list containing all three animations.   
           Once an animation is retrieved from the list, each frame plays back as an 
image shader on a sphere, which corresponds to the shape of the physical fulldome 

environment. This 3D object is then rendered to an image frame, which is sent via 
Syphon to Omnidome.  

Omnidome then plays back the images sequentially, which are updated at 
the frame rate of the original videos. After an animation is finished, a message gets 

fired in Vuo to showcase a video of the three artworks hanging in space. This video 
loops until Vuo receives another OSC message.   
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4.3 Cost Summary 

A significant component of this thesis was to create a fulldome media 
environment at a relatively affordable cost. By utilizing materials and software 

available at a price that other independent artists and smaller institutions could 
afford, this project furthers the accessibility of a typically high-cost medium. Table 1 
outlines the items and software utilized to create this project, displaying their 

quantity and the approximate cost. Although the prices of the supplies may vary, 
these figures provide a reasonable estimate for what it costs to create a fulldome 

media environment. 
 

Fulldome Media Environment Budget 

Item Quantity Total Approximate 
Cost 

Geodesic Dome Hub kit 
from Build with Hubs Ltd 

1 165 Euros 

White projection fabric 30 meters 200 Euros 

Wood for frame and base 
of dome 

multiple 300 Euros 

HD DLP projectors 3 x 750 Euros 2,250 Euros 

Adobe Creative Cloud 
Student Subscription 

12 months x 20 Euros 240 Euros 

Laptop 1 1,500 Euros 

HDMI cable 3 x 15 Euros 45 Euros 

HDMI to USBC adapter 3 x 40 120 Euros 

White paint 3 gallons x 20 60 Euros 

Lounge cushion 1 40 Euros 

   

 Total: 4,920 Euros 

Table 1. The approximate cost of items purchased for the construction of the fulldome theatre and 
production of fulldome animations.  
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 While this table represents the majority of the supplies and software utilized 
to create the dome, a few elements were not included in this chart or were 

estimated. Because I could construct the fulldome installation on my university 
campus, many of the tools I needed to build the environment were freely available. 

For example, the budget does not consider the purchasing of paintbrushes, a staple 
gun, staples, or the specialized machinery needed to cut the wood for the dome 

structure and screens. The budget also does not reflect the Genelec 8020D 
speakers that I rented free of charge from the university. Creators that desire to 

utilize professional-grade speakers in their fulldome environments may need to 
expand their budget. Moreover, I utilized my personal cell phone as the mobile user 

interface to conduct the usability test and did not consider the price of the device in 
this budget. Additionally, while I have allotted 1,500 Euros in the budget for a 

laptop, I was able to rent a computer free of charge from my university. The 
effectiveness of the media playback is highly reliant on the GPU and processing 

power of the laptop. Depending on the media presentation, fulldome productions 
may need additional funds to secure one or more computers for efficient playback.   

 

4.4 Outcome 

The result of efforts carried out in both the film production and dome 
assembly is the creation of a fulldome media environment. This section showcases 

the outcome of constructing a five-meter diameter, three-meter tall, fulldome 
theatre, and approximately nine minutes of animated media. Furthermore, the 

mobile user interface development allowed visitors to control the playback of the 
animations inside the dome. The final outcome of this thesis project's production 

component is showcased in the following photographic documentation of the 
fulldome media environment. Additional video documentation is located in the 

Appendix of this paper. 
 

: 
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 Figure 26. Monet Animation, Scene 1 in fulldome media environment.  

Figure 27. Rousseau Animation, Scene 1 in fulldome media environment. 
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Figure 28. Opening Scene in fulldome media environment. 

Figure 29. Participant using the mobile user interface. 
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Figure 30. Hokusai Animation, Scene 2, from the front of the dome. 

Figure 31. Hokusai Animation, Scene 1, in the fulldome media environment. 
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Figure 32. Rousseau Animation, Scene 4, from the outside of the dome. 

Figure 33. Rousseau Animation, Scene 2, in the fulldome media environment. 
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  Figure 34. Monet Animation, Scene 4, in the fulldome media environment. 

Figure 35. Monet Animation, Scene 2, in the fulldome media environment. 
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Figure 36. Hokusai Animation, Scene 4, in the fulldome media environment. 

Figure 37. Hokusai Animation, Scene 2, from outside of the dome. 
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5. Usability Test  

 

 After crafting the fulldome and media to comply with the research areas laid 

out in the Literature Survey, I conducted a usability test to garner perspective from 
viewers of the production. My goal was to analyze how participants responded to 

the different animations and presentation of them in the fulldome, against the best 
practices of fulldome media and environment production. The chosen framework for 

the usability test was a qualitative data analysis method known as the Retrospective 
Think Aloud user method. 

           The Retrospective Think Aloud method’s name provides an intuitive notion of 
what the testing entails. Participants were asked to perform specific tasks and then 

report what they saw, felt, and experienced after completing the tasks (Assistant 
Secretary for Public Affairs, n.d.). An essential consideration for implementing the 

Retrospective Think Aloud usability test was that this method could provide 
valuable and detailed data without requiring a large number of users to participate 

in the testing. My project was conducted during the Covid-19 pandemic, which 
required special considerations to safety and limited the number of participants 

recruited for the evaluation. This chapter will provide an overview of the framework, 
considerations, and processes that were undertaken to conduct the usability test. 
 

5.1 Recruitment  

 To minimize the risk of exposure to Covid-19, I chose to recruit a smaller 

amount of “expert” users. The term expert here is used to express users with a 
previous professional or educational background in fields related to immersive 

media and environments, animation, fulldomes, and visual arts. The motivation 
behind this decision was that, while the testing would only result in data supplied by 

roughly a dozen users, those that participated were specially equipped to give 
informed feedback on their experience inside the fulldome.   
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           I recruited these users from an online call for participants, targeted to the 
Aalto University Virtual Cinema Club, The Aalto Online Learning Project, the Media 

Department, and the Film School. Flyers with the call for participants were also 
distributed in the Media Department, the Experimental Studio, and lobbies of the 

Film School with a QR code directing participants to an online form. I determined 
that these groups and locations would contain students and faculty whose 

professional background and academic studies were best suited to evaluate the 
fulldome media and environment. 

           It was important to engage diverse groups to garner various expertise and 
backgrounds and increase the likelihood of volunteers. My initial goal was to recruit 

ten to 15 volunteers. Ultimately, 13 people volunteered for the evaluation.    
 

5.2 Safety  

 Special considerations and practices to hygiene and safety were made 
because of the global Covid-19 pandemic. Two days before the usability test was 

conducted, I underwent a Covid-19 test and received a negative result before 
interacting with any study participants. The study took place in a large private 

studio with limited access. While the fulldome was originally built for multiple users 
to experience simultaneously, I conducted the tests individually to prioritize the 

health and safety of the volunteers.  
           Before and after each participant, I wiped surfaces in and around the 

fulldome with a cleaning solution. I wore a mask during the test and remained more 
than two meters away from the participant. Masks were made freely available to 

participants if they desired to wear one. Physical contact did not occur between 
myself and the participants. 
 

5.3 Methodology 

 At the onset of the usability test, participants signed a consent form 

permitting me to record and utilize their reports in my thesis. This form also ensured 
that their name would be kept anonymous in the published research. Volunteers 
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were also asked to complete a questionnaire prior to participating in the usability 
test.  

           After completing the two forms, I explained the tasks that users would 
perform during the usability test. Users were asked to sit or lie down inside the 

fulldome and select an animation of their choice from the corresponding cell phone 
application. Once the users finished watching the animation, they reported what 

they saw, felt, and experienced throughout the screening. Once the user watched 
and reported on the animation, they were asked to choose another animation and 

follow the same procedure of reporting. This pattern was followed until the user had 
seen and reported on all three animations presented in the dome.  

           When traditional Think Aloud usability tests are conducted, users are asked 
to report their thoughts while they are simultaneously engaged in the task given by 

the facilitator (Assistant Secretary for Public Affairs, n.d.). However, in this instance, 
it was determined that reporting while watching the animations would take visitors 

out of the intended immersion and cause an unpleasant distraction. Additionally, 
because the audio was integral to the experience of the fulldome, if participants 

were required to speak while watching the animation, it would hinder their ability to 
listen to the soundscapes effectively. Therefore, the Retrospective Think Aloud 

Usability test was deemed most appropriate for this thesis. 
           Before watching the animations, participants were told that there were three 
artworks in the dome made by artists: Hokusai, Henri Rousseau, and Claude Monet. 

I also informed them that the animations were composited from the artists' original 
artworks. Users were asked to report honestly, advocating a stream of conscious 

delivery that would hinder their ability to edit their remarks internally. It was 
suggested that they start by describing what they saw and then speak to what 

thoughts or feelings arose. Further information about the project or its objectives 
was withheld from participants to avoid researcher bias, which can occur when 

participants provide answers congruent with what they believe the facilitator is 
aiming to achieve.  

           I also informed participants that I would not verbally respond to their reports. 
An objective of the Retrospective Think Aloud test is to listen to people reflect on 

their experience without influencing them with leading questions or comments 
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(Assistant Secretary for Public Affairs, n.d.). When participants reported, I sat 
outside of the dome and listened intently. An audio recorder was placed inside the 

dome, next to the participant, to capture the report efficiently. The majority of users 
were able to give sufficient reports without any prompting. A handful of volunteers 

needed additional prompting during their reporting. These prompts included 
questions to the effect of: 

 
Can you describe what you remember seeing when watching the animation? 

Can you describe your experience of watching the animations in this environment?  
 

           Once the user reported on all three animations, they were free to watch more 
animations, walk around the dome, or end the testing. After the testing concluded, I 

answered questions regarding the study and thanked the volunteers for their time 
and participation. 

Within two days of the interviews, I uploaded the audio recordings and 
transcribed them. This timeliness ensured that any discrepancies in the recordings, 

like a user motioning to the physical space, could be adequately recalled and 
echoed in the transcript. During the usability test, the reports reflected an extensive 

gamut of reactions and commentary. Some users reported for five to seven minutes 
on a single animation experience, while others finished within two minutes. This 
study amounted to approximately two hours of reporting, which equated to roughly 

15,500 words once transcribed.   
           Once I transcribed the reports, they were coded and analyzed in a qualitative 

analysis software, Atlas.ti. I read the transcripts multiple times, and participants' 
quotes were grouped into various themes and trends. Before the analysis, I did not 

possess preconceived notions of what the coded groupings would entail. After 
listening to the recordings and rereading the transcript, I chose groupings that 

originated from observed themes and trends that the 13 participants supplied. I 
created 87 codes to identify and group various statements from users. The 

subsequent chapter will highlight the topics reported on most frequently during the 
fulldome usability test. 
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5.4 Questionnaire 

 A short questionnaire was given prior to the conduction of the Usability Test. 
The answers to these questions provided a profile of the participants' interests and 

backgrounds, which inevitably influenced the feedback received during the usability 
testing. On this form, users were asked two questions:  
 

1. What is your job title and/or field of study? 
 

2. What are your personal, professional, or academic interests? Check any of the 
following that applies: 360-Degree/Immersive Media, Animation, Art History, 

Immersive Virtual Environments, Interactive Media, Filmmaking, Fulldomes, 
Museums and Curation, Projection, Visual Arts, Virtual Reality, User Experience  

 
           The first question on the survey received a wide range of answers. The job 

titles and fields of study as reported directly from the 13 participants included:  
 

Arts, Artistic Director, Creative Sustainability, Experience Designer, Graphic 
Designer, Design, Information Networks, New Media Design and Production, 

Photography, Social Sciences/Political History, Sound in Virtual Reality, Textile and 
Costume Design, UX/UI Designer, Virtual Reality Design, Virtual Scenography.  

            
           Some participants included more than one answer to the question. Specific 

job titles that could compromise the anonymity of the participant were edited. As 
expected, the majority of job titles and fields of study reflected the departments 
from which participants were recruited and were relevant to various aspects of this 

thesis production. While certain job titles and fields of study were not directly 
related to the topics in this thesis, the variety of backgrounds provided a diverse 

exploration of reactions to the media experience.   
           The second question asked participants to choose their personal, 

professional, and academic interests from a list of topics. These topics were based 
on the backgrounds that were anticipated for the profile of expert users. The goal of 

the study was to recruit people who had an interest in fields relating to the topics of 
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the thesis. The method of allowing participants to choose from the same selection 
of interests provides the opportunity to compare how many of the participants held 

a previous interest in fields related to the content of this thesis production. 
However, it is also acknowledged that some bias may have been introduced by 

having participants select from various interests rather than providing their own via 
a fill-in-the-blank form. 

           The table below reflects the number of participants, which identified a topic 
as a subject of interest. There were 13 participants in total, with 12 possible topics 

to select. The topics of interest are ranked from most selected to fewest, and the 
number of participants that chose the topic is recorded.   
 

Questionnaire Responses 

The Number of 
Times a Topic of 

Interest was 
Selected by a 

User 

Topics of Interest 

10 Visual Arts 

9 360 Degree/Immersive Media 

8 Interactive Media 

7 Animation 

7 Immersive Virtual Environments 

7 Filmmaking 

7 Virtual Reality 

6 User Experience 

3 Fulldomes 

3 Projection 

2 Art History 

2 Museums and Curation 

Table 2. The number of participants which expressed  
interest in topics relating to the thesis.  
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           The average number of topics of interest checked by participants was: 5.46. 
Every participant in the study checked at least one box. The most common 

interests included: Visual Arts, 360 Degree/ Immersive Media, and Interactive 
Media. The least common interests included fulldomes, projection, art history, 

museums, and curation. While it would have been ideal to recruit more users with a 
specific interest in fulldomes, this low number could be influenced by the relative 

novelty of the environment. No boxes went unchecked or had less than two 
participants interested in them. Overall, volunteers showed interest in topics related 

to the Master’s Thesis Production. The profile of these candidates can be further 
witnessed in the analysis of their reporting.   
 

5.5 Order of Animations 

 As users entered the dome, they were presented with images of three 
artworks created by three well-established and historic artists, as shown in Figure 

38 below:  
 

 
Figure 38. Three artworks displayed in-between the playback of animations. 

 

 Participants were informed that the animations and buttons on the user 
interface correspond with the works of art suspended in front of them. They could 

choose the order they watched the animations by pressing a button on the mobile 
user interface. During the user test and in the writing of this thesis, the animations 
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were distinguished by the name of the original artist of the images used for the 
particular animation. The intention of this interaction was to empower the user to 

become an active participant in the media presentation. 
           During the usability test, the order in which a user watched the animations 

affected their reporting because they had more or less content to compare. When 
users were able to choose the order in which they watched the three animations, it 

resulted in six different orders of reporting, which was the maximum number of 
variations possible.   
 

The Order in which Animations Were Watched 

How Many 
Participants 
Watched the 
Animations in 

this Order 1st 2nd 3rd 
4 Hokusai Rousseau Monet 
3 Rousseau Hokusai Monet 
2 Monet Hokusai Rousseau 
2 Rousseau Monet Hokusai 
1 Monet Rousseau Hokusai 
1 Hokusai Monet Rousseau 

Table 3. Depicts the number of participants who watched the three animations in the same order.  

 

 Three users explicitly reported that the novelty of the media presentation 
affected the experience of the first animation they watched. In this usability test, five 

users chose Hokusai first. Four users chose Rousseau first, and three users 
decided to watch the Monet animation first.  

           A possible reason for the majority of users deciding to watch the Hokusai 
animation first could be due to the fact that it was the first artwork presented when 

looking at the animations in the dome from left to right. This orientation is, most 
plausibly, the natural reading direction for a majority of participants living in Helsinki, 

Finland. It was also the first button on the user interface when looking at the 
cellphone screen from top to bottom. Users could have also been first drawn to 

Rousseau because his painting was located directly in the center of the dome, in 
the viewers' immediate field of view. Because the images in the dome were scaled 
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relative to the size of the original artworks, this was also the largest artwork and 
may have drawn further attention. The Monet painting, which was chosen last most 

often, was located on the far right of the dome and corresponded to the bottom 
button on the user interface. An additional reason for the ordering of the paintings 

could be the familiarity of the presented artworks and artists. Approximately half of 
the users reported that they had previous knowledge of the art, which could have 

impacted their desire to choose a specific animation over another.   
           This chapter provided an overview of the recruitment, safety, and 

methodology utilized in the usability test. Moreover, a discussion of the 
questionnaire provides a detailed description of the profile of participants in this 

study. Additionally, the order in which volunteers chose to view the animations was 
documented and examined. The following chapter will detail the results obtained 

from the Retrospective Think Aloud usability test. 
 

 

6. Results 

 

 This chapter documents the qualitative results of the Retrospective Think 

Aloud usability test conducted in the fulldome environment. These results are 
comprised of 13 reports given by participants during the study, which were 

subsequently analyzed and compared against one another. These results are 
grouped into various themes, which stemmed directly from the feedback provided 
by participants. These themes include: the architecture of the dome, physical 

comfort and discomfort, immersion and space, animation and motion design, 
camera, gaze, pace and timing, narrative, anthropomorphism, reference to the 

artwork and artist, feelings, sound, and comparison to virtual reality. Additionally, in 
the subsequent chapter, the reports are examined through the lens of the best 

practices and guidelines for fulldome media and environment production, as 
established in the Literature Review of this thesis. 
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6.1 Architecture of the Dome 

 Eight users remarked positively on various aspects of the architecture or 
shape of the dome. Of these, four users expressed their enjoyment at being inside 

the space of the theater, explicitly detailing how it afforded them the ability to view 
the media on both their left and right sides.  For example, one user remarked,  
 

I think it's powerful when this dome is over me. I'm not only watching in front 
of me, I'm watching about me. I'm watching both my sides. This way you can 
really create environments that play with different dimensions and it feels 
incredible. (participant 4) 

 
 By contrast, four users reported being distracted by certain structural 

aspects of the dome. It was stated that especially during lighter daytime scenes, the 
seams where the projection surface connected were noticeable and distracting. 

Furthermore, rather than having a geometric shape, some participants expressed a 
desire for the walls to be flatter.   

 
At some point I can kind of see the edges of the triangles more clearly and I 
just wish it wouldn’t be so. If it was possible to get it flatter, sometimes the 
picture kind of loses the illusion. It’s broken by the edges. (participant 2)  

 
 Additionally, four users expressed the desire for the dome to extend to the 

bottom of the floor. They reported feeling distracted because they could see objects 
outside of the structure.   

 

6.2 Physical Comfort and Discomfort 

 Five users described feeling physically comfortable while lying down in the 
environment. Three users specifically reported that the comfort of the cushion, and 

the fact that they were lying down in the space, aided their feeling of relaxation.  
 By contrast, two instances of physical discomfort were also reported. One 

user described suffering from a stiff neck after looking from side to side. Another 
participant experienced “a little bit of dizziness” (participant 10) during the opening 

scene of the Monet animation.  
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6.3 Immersion and Space 

 Eleven users indicated that they experienced a feeling of immersion in the 
dome or described feelings that were akin to the feeling of immersion at some point 

in their report. The descriptions of the feelings of immersion were described in the 
following ways: 
 

 It was for me quite a full body experience. (participant 1)   
 
 It was immersive. It surrounded me. I felt like I was part of this painting or
 experience. (participant 4)   
 
 Feeling a little moment of flying almost. (participant 2)   
 
 I kind of lost myself into the movement. (participant 5)   
 
 A strong feeling of being in somewhere. (participant 3)   
 
 

In addition to these indications of immersion, discussions of physical and 

virtual space were common themes in user reports. Given that definitions of 
immersion can be framed within the context of the experience of space, the coded 

results of immersion and space are grouped together. Six participants explicitly 
reported feeling a sense of space when watching the media presented in the dome. 

Seven participants reported that they felt like they were inside of a painting. 
 
It's like this round 360 space, but also the space is being inside of these 
paintings and these animations kind of take you inside and into this journey. 
(participant 3) 

 

Suddenly I feel like it has created a second dimension, like a little portal has 
opened up within the scope of the existing painting and I am able to view it 
slightly differently. (participant 7) 

 
 
 Conversely, three users indicated scenes or aspects of the experience that 

prevented them from experiencing immersion. One of the users reported that the 
perspective of the camera caused them to feel disconnected from the immersion. 
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The remaining two reports related to the previously discussed observation of being 
distracted by the edge of the screen inside the dome. One of these users stated, 

 
I wasn't immersed. I think I was somewhat immersed into the images and the 
animation, but somehow because of the open space at the bottom of the 
dome, I still always remembered as well that I'm maybe in a studio or 
something. (participant 8) 

 

6.4 Animation and Motion Design  

 During their respective interviews, all 13 users reflected positively on various 

aspects of the animation. Commonalities amongst these reports included enjoying 
the slow, subtle movements of the motion design as well as the number of layers 

and details that were animated.  Consequently, five users specifically described the 
image or scene as “alive,” “becoming alive,” or “brought to life.”  For example, 

participant 4 stated that: 
 

The whole environment was alive, like in a motion. It would have been in a 
kind of real world, but this felt some kind of mixture of a dream and memory 
and real world. (participant 4) 

 

 In turn, four users provided critiques on the execution of the animation during 
at least one of their reports. Two of these critiques regarded a perceived clash in 

styles between scenes, and another concerned a transition between scenes. The 
final critique called for more motion to be imbued into the images:  

 
The animation was still a bit clunky for me. It just seems like there was 
potential for it to have a little more movement, because you have created the 
promise of movement, when you started the animation from a still image. 
(participant 7) 

 

6.5 Camera  

 Users commented extensively on the utilization of the camera in the 
animation. Two prominent themes in the coded transcript included the movement 

and perspective of the camera. While both topics were occasionally addressed 
independently, most often, the report referred to a feeling or experience of both the 
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camera's movement and perspective. The scenes that were most discussed in this 
respect include: scene 4 of the Rousseau animation, scene 3 of the Hokusai 

animation, and scene 4 of the Monet animation.   
 Seven users reflected positively on aspects of the camera movement and 

perspective during at least one of the three screenings. For instance, one user 
commented,  

 

But in the part where the man was in the desert and then the camera went to 
space, I was really feeling kind of a sensation of falling into the space, which 
was really interesting. (participant 5) 

 

 In addition, six users commented that they experienced the feeling of 

traveling forwards or moving deeper. 
 

I like the fact that the images were kind of sucking me in, so the images were 
going backwards behind me and I was going forward. (participant 10) 

 

 In contrast, three users were negatively impacted or confused by the 
movement or perspective of the camera at some point during the screening.  Of 

these, two found that the camera tilt in scene 4 of the Monet animation felt too 
dramatic, while one reported that the perspective of the shots did not connect with 

their position in the dome:  
 

Something I found a bit odd, kind of the relation in how, maybe also a bit on 
the perspective, that somehow it's lying in the grass and looking up to the 
sky, but I felt a bit of a mismatch, maybe there in the position. (participant 11) 

 

6.6 Gaze 

 Out of the thirteen users tested, nine participants reported that their gaze and 
attention shifted around the dome, and indicated that they looked to both of their 
sides. Most reported this as a positive experience, while two users felt they might 

be “missing something.” Users most often reported shifting their gaze during the 
jungle scenes in the Rousseau animation, indicating that they watched animals 

appear on the sides of the dome.  
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6.7 Anthropomorphism 

 Users reported a variety of responses to human figures present in the 
animation. Three users stated that they felt the human figures watching them during 

various scenes in the animations. Two users indicated that they paid more attention 
to human figures in the scene than other elements. Three users reported feeling 
connected to the woman and boy on the cliff in the Monet scene. 

 
Before when I've been watching paintings, it felt it like I've been the one who's 
watching it, and what’s the word spectator, but now I felt like those persons in 
this experience, that they were observing me and welcoming me to their world. 
(participant 4) 

 
 One user commented that in both the Monet and Hokusai animations, they 

were more drawn to natural elements in the compositions like the clouds and 
waterfall, rather than the human figures simultaneously present in the scene. 

 It should also be noted that anthropomorphism relates to any object having 
human-like characteristics. The last scene in the Hokusai animation contains a 

dragon with an expressive face, whose eyes and expression could be characterized 
as human-like. One user reported that the dragon looked like a “grandpa.” 

(participant 10) Ten users mentioned the dragon in their reporting. 
 

6.8 Pace and Timing  

 At some point in their respective interviews, ten users commented on the 

pace or timing of the animations. Two users commented that they felt the Rousseau 
animation was well-paced. One user stated that the Hokusai animation was well-
paced, while another user commented that it felt short and desired for the animation 

to last longer. 
 Six users commented that the Monet animation felt short. Five of these six 

users did not watch the Monet animation first. Of the six users, three users 
indicated that they desired the animation to be longer. Three users reported that the 

Monet felt shorter but did not indicate whether they wanted the animation to be 
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extended. None of the users reported that a particular scene or animation was too 
long.  

 

6.9 Narrative 

Seven users mention aspects relating to a narrative in their report. Six 

participants reflected feeling positively towards the perceived narrative. For 
example, 

 

It is kind of a more viewer-guided experience and how and when you 
discover certain parts and certain elements in the picture and start to wonder 
how they relate with the other, of course this more animated version kind of 
guides and highlights these a bit more consciously. (participant 11) 

 
I feel like your point of departure has been that one image of the painting, and 
you have imagined something beyond that would have created layers to the 
story. (participant 7) 

 
 Two users felt a lack of narrative, which they conveyed as discomforting and 
disconnected them from the experience. One user stated,  
 

In the last one, the picture in the middle was quite different from the night life 
picture, so I wasn't able to make this kind of story in my head. (participant 6) 

 

6.10 Reference to the Artwork and Artist  

 After each animation finished, the dome returned to the shot of the original 
three artworks. This shot allowed viewers to look at the original artworks as still 

images while they provided their report and may have prompted users to compare 
the animation presented in the dome to the original two-dimensional artwork. 

           Multiple users also referenced the original artist whose artwork is sourced in 
the animations. These reports included discussions of previous knowledge of the 

original artist, the style of the artist, their engagement with the artist's work, and 
how truthful the intent of the artist was felt in this presentation. Four users explicitly 

commented that they enjoyed the presentation of the images more in the animation 
than in the original two-dimensional artworks. For example,   
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But compared to that 2D, I felt like it’s actually much more pleasant to have 

this kind of experience. I feel like the painting works better in this format 

almost. (participant 2)   

 
 Four users reported that they would be interested to learn more about the 

original artists and felt more engaged towards the original artwork when presented 
in this format. This is indicated in the following statements, 

 
I felt like this is a new immersive revolutionary way of experiencing painted 

art. I think this method, technique of turning someone's painted art into a 

360-degree Dome experience could really engage more people to art.  

(participant 4)   
 

I think also looking at these animations, I feel that I'm more interested in 

them, in the paintings, than maybe I would have been if it was just an image 

on the wall. So yeah, I did feel more attractive somehow to look at these 
artworks. (participant 8) 

 

 Three users reported that they felt the animations honestly portrayed the 
original artist’s style and intent.  

 
Diving into these pictures and making it such that it doesn't feel like a lot of 

things are kind of manufactured. Although, I'm sure that you have to recreate 

a lot of extra visual materials, which are hidden in the originals, or kind of put 

together, but it feels very original in all three cases. (participant 11) 

 
Two users questioned whether the animation was authentic to the original artwork.  

 
I was wondering if it somehow loses the delicate nature of the painting, kind 

of overlays it with effects. It kind of turns art into entertainment. (participant 2) 
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Your narrative of this seemed to offer a little more deviance in some sense of 

what the work could be imagined or reimagined as. (participant 7) 

 
Five users explicitly discussed knowing the artwork previously. However, 

although when evaluating the discussions and backgrounds of other participants, it 
can be assumed that other persons were previously aware of some of these artists 

and artworks.  
 

All of the artists, I know them, but in all three of them there were paintings I 

haven't seen before from them. (participant 13) 

 
I was a bit pushed aside by the familiarity of the painting, so I was kind of a bit 

in my memories. (participant 5) 

 

6.11 Feelings 

           A diversity of feelings were reported during the usability test. When coding 

the transcriptions, similar feelings were grouped together, for example: calm, 
relaxing, meditative, peaceful, pleasant. This grouping was the most often coded 

feeling in the reporting, with eight users experiencing this feeling at some point in 
the animations. The second most frequently reported feeling grouping was: anxious, 

scared, looming, worried. Five users described feeling one of these emotions at 
certain aspects of the screening. While users reported feeling nice or referred to 

something as being nice, this word was not specifically coded or accounted for in 
the results. The vagueness of this term, made it unreliable to code and assess 
accurately. 

           The animation or scene in which these emotions were reported greatly varied 
and is plotted on Table 4 below. A distinction in the table was made between when 

users commented on a specific scene in an animation or the animation as a whole. 
Some users reported experiencing emotions related to both calmness and anxiety 

during specific scenes. 
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User Reports on Feelings Towards Animations 

Scene Number of Users 
Reported Feeling:  

calm, relaxing peaceful, 
meditative, pleasant 

Number of Users 
Reported Feeling: 
anxious, worried, 

scared, alert, looming 
Hokusai, Scene 1, Village 2  
Hokusai, Scene 2, The 
Great Wave  

1 2 

Hokusai Scene 3, Ships 
at the base of Mt. Fuji  

2  

Hokusai Scene 4, Dragon  3 2 
Hokusai, in general 5  
Rousseau Scene 1, 
Jungle  

 1 

Rousseau Scene 2, 
Snake Charmer  

 1 

Rousseau Scene 3, Man 
sleeping.  

1 3 

Rousseau Scene 4, 
Desert 

1  

Rousseau, in general 5 2 
Monet Scene 1, Water 
Lillies 

2 1 

Monet Scene 2, Forest 
and Pond  

1 2 

Monet Scene 3, Woman 
and Child  

  

Monet Scene 4, Cliffs and 
Ocean 

1  

Monet, in general 2 1 
Table 4. The number of users who reported feelings related to calmness or anxiety and what scenes 
or animations triggered these feelings.   

 

6.12 Sound  

 Every user commented on the audio during their reports. Twelve of 13 users 

reported positively towards the sound design on at least one of the three 
animations. Seven users said that the sound and visuals were in harmony and 

supported each other. Four users stated that the sound specifically made the 
experience more immersive. 
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 Three users reported negative feedback regarding the sound design during 
at least one of the three animations. Two users wanted aspects of the sound design 

to be farther removed from the visuals and stated that they were stereotypical. 
Additionally, two users felt that the audio tracks were roughly composited in one of 

the three animations. Moreover, two users wanted the audio sounds to be tied more 
specifically to visual elements.  

           The most commonly mentioned scene in reference to sound was Scene 2 in 
the Hokusai animation. Seven users noted the impact of the sound when reporting 

on this scene.   
 

6.13 Comparison to Virtual Reality 

 Four users compared the visuals in the fulldome to previous experiences they 

encountered in virtual reality. Three of the participants articulated the benefits and 
constraints of the two mediums when compared against one another. Two users 

reported that the virtual reality headset provided more visual immersion, and the 
visuals were less obstructed when compared to the architecture of the fulldome. 

However, these users also admitted that they would spend more time in the dome 
because the distance between their eyes and the visuals allowed for a more 

comfortable viewing experience. Moreover, one viewer stated that utilizing the 
headset eventually caused them to become dizzy, and they did not experience this 

sickness in the dome presentation.  
Additionally, one viewer previously experienced Monet’s water lily paintings 

in virtual reality. They reported that they preferred the presentation of the artworks 
in the fulldome because the sense of space inspired them to reflect on the physical 
environment that the artist aimed to depict.   
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7. Discussion of Results 

 

This chapter analyzes the results of the fulldome usability test, informed by 

the literature review and methodology practices previously examined in this paper. 
Design considerations are discussed in regards to audience reports on themes 

including the architecture of the dome, physical comfort, and discomfort, immersion 
and space, animation and motion design, camera, gaze, pace and timing, narrative, 

anthropomorphism, reference to the artwork and artist, feelings, sound, comparison 
to virtual reality. The conclusions that can be inferred from the usability test results 

and the subsequent analysis will be considered in the following chapter. 
 

7.1 Architecture of the Dome 

 As demonstrated in the previous chapter, the majority of participants enjoyed 

the hemispherical shape of the dome and the ability to watch the animations around 
them. Moreover, the influence of the dome's form extended into other prominent 

areas discussed in the reports, including the sensation of feeling inside the painting 
and the repeated mention of the feeling of space. Nonetheless, a small number of 

users expressed the desire for the walls to be more spherical. 
           A greater degree of sphericity could be realized in the architecture by 

building a geodesic dome composed of a higher number of varying-sized triangles. 
The dome constructed for this installation is referred to as a 2V dome. Geodesic 

domes begin at 1V, with escalating numerals corresponding to the number of times 
the edges of the original are divided. While a 2V dome is simpler and more 

affordable to build, a 3V or higher frequency dome (with more segments and less 
acute angles) could provide a projection surface with less distortion.  

Additionally, viewers wished for the dome to be extended to the floor instead 

of being raised by posts. This configuration was not possible with the projection 
equipment purchased within this project's budget. Because of the throw distance, 

the projectors needed to be placed farther away from the projection surface. By 
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elevating the dome, I created enough space between the projectors and the dome's 
screen to cover approximately 75 percent of the surface area. Designers could 

achieve full projection coverage by investing in more projectors or acquiring those 
that feature an extremely short throw distance. Alternatively, a more cost-effective 

option could be to construct a skirt, which extends from the base of the dome to 
the floor. The skirt could be composed of black or white opaque fabric, with holes 

cut out to correspond to the floor projection.   
 

7.2 Physical Comfort and Discomfort 

 While the majority of users did not specifically report on their physical 

comfort or discomfort, the positive comments from five interviewees and the 
general absence of reports on discomfort demonstrate the efficacy of the media 

and environmental design. A primary design consideration for fulldome filmmaking 
(and considered in the production of this project) is the avoidance of simulator 

sickness. This sensation, similar to nausea, can occur when the vestibular systems 
inside the ears of a user perceive motion, which is inconsistent with the movement 

observed with their eyes (Yu et al., 2017). Only one user reported feeling dizzy, and 
even then, it was stated to be minor.  

Furthermore, it was imperative that users lie down in the dome to avoid 
blocking the projection. Providing a thick cushion in the environment was necessary 

to facilitate a comfortable experience. While the majority of users that reported on 
their physical comfort enjoyed lying down, this seating may not be adequate for all 

ages and audiences.   
 

7.3 Immersion and Space  

 Immersion and space were themes indicated during a majority of the 

interviews. Considering the perception of both physical and virtual spaces is 
inextricably linked to the experience of immersion, users addressed these two 
themes simultaneously. The majority of interviewees explicitly reported experiencing 

immersion. This finding is important, especially considering that immersion was not 
mentioned to participants in the usability test briefing.   
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           In addition, the variety of ways in which participants described immersion 
mirrors the multiplicity of its meaning. Several users relayed the experience of 

feeling movement, even though they were stationary during the screening. The 
perception of peripheral motion relates to the occurrence of vection (Yu et al., 2017) 

and results in the experience of being immersed in the virtual movement of the 
projected imagery. Additionally, users described feeling as if they were inside the 

artwork, which relates to the definition of immersion, as outlined by Buczek (2012). 
Buczek’s description of immersion maintains that it is the experience of 

transcending the physical world and entering the virtual presentation. Alternatively, 
other users articulated a feeling of immersion that is more closely linked to the 

definition proposed by Rogers (2019). These participants described the sensation of 
being surrounded by the artwork and subsequently feeling a part of it. The subtle 

variance between these two experiences is that some users felt as if they were 
inside the space of the artworks, while others saw themselves as being 

encompassed by the environment. These perceptions led users to experience 
immersion and feel connected to the imagery.  

           In two of the three reports, users explicitly stated that they did not 
experience immersion because the projection did not fill their entire field of regard. 

Due to the fact that the users could see outside of the dome, they were prevented 
from perceiving themselves as wholly surrounded by the space. As stated in the 
previous discussion of the dome architecture, future dome constructions could 

reconcile this limitation by investing in a different projector setup. Immersion is 
considered one of the significant benefits of large-scale permanent fulldomes. 

Findings from this usability test suggest that small-scale domes also offer a degree 
of immersion that is valuable for user experience. 

 

7.4 Animation and Motion Design  

 The positive feedback towards the animation and motion design was 
gratifying, as creating the three animations was the most labor-intensive phase of 

this project. As discussed in section 3.3.c of this thesis, I attempted to limit the 
changes that I made to the color, shape, and size of individual elements within the 
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original artworks. Therefore, the majority of the visual hierarchy was created through 
motion design. 

While a greater degree of motion could have been applied to the animations, 
it was limited because the more movement placed on two-dimensional still layers, 

the greater the distortion on the original image layer. Moreover, considering the 
propensity for fast movement to incur simulator sickness, I opted for a slow and 

subtle approach to the motion design. These considerations resulted in the multi-
layered animation of relatively simple and organic forms.  

When crafting the animations, a core objective of the motion design (section 
3.2.d) was to imbue the layers with a natural motion that emulated an actual space 

and natural environment. The fact that five users specifically described the 
animation as feeling “alive” illustrates that this artistic objective was fulfilled. 

Considering all 13 users reflected positively towards various aspects of the 
animations suggests that the technique of animating still images can be visually 

effective.    
  

7.5 Camera 

  The fact that the majority of users indicated a feeling of motion indicated 

that the unchained camera technique (Buczek, 2012) is indeed a compelling 
implementation of camera motion in fulldome filmmaking. Users reported that as 

the camera traveled deeper, they went farther into the painting and into a perceived 
space that was created by this slow forward motion of the camera. The utilization of 

this method caused imagery to shift to the sides of the audience’s field of regard, 
stimulating motion in their peripheral vision. As stated previously, this experience of 
vection created the sensation that the user was traveling with the camera deeper 

into the virtual space. 
           The shots where the camera changed most drastically in perspective and 

motion were often reported as the most memorable. While two users felt that the 
increased change in camera angles was too dramatic at certain times, the majority 

of users reported an increased feeling of motion in these instances. While I 
minimized the utilization of sharp camera changes to avoid overwhelming the 

audience or causing simulator sickness, the user data signifies that the scenes 
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where the camera suddenly travels upward were some of the most effective at 
inducing a feeling of immersion. Additionally, users reported that as the camera 

traveled deeper, they went farther into the painting and into a perceived space that 
was created by this slow forward motion of the camera. The utilization of this 

method caused imagery to shift to the sides of the audience’s field of regard, 
stimulating motion in their peripheral vision. As stated previously, this experience of 

vection created the sensation that the user was traveling with the camera deeper 
into the virtual space. 

 

7.6 Gaze 

 In regards to the media production, designing the frames and motion design 
to accommodate the gaze of the audience was one of the more arduous tasks. On 

the one hand, I wanted to utilize the unique spatial affordance of the fulldome by 
providing animation throughout the entirety of the environment. However, I also 

attempted to avoid the occurrence of anxiety that can be induced when audience 
members feel as if they are missing critical elements of the scene (Buczek, 2012). 

When creating the compositions for the animations, the objective was to adhere to 
the fulldome guidelines previously mentioned in the literature review. Because 

humans naturally look to the center of the screen, I placed key imagery near the 
center of the dome, where it was clearly visible, thereby conforming to the "retreat 

to the center" principle (Yu et al., 2017). One user stated, 

I suppose this animation and this whole setup is made so that the main parts 
are still right in front of me, and then if I turn my head left and right, it gives 
me some extra, but I wouldn't be missing so much. (participant 8)  

 
           I followed this guideline to ensure that the audience would be able to 

comfortably view critical visual elements without having to disregard large portions 
of the composition. However, I also wanted users to be motivated to look around 

the space. Therefore, I animated and positioned less prominent elements to the side 
of the frame, which were not as integral to the composition of the artwork. 

Users also reported a feeling of relief from knowing that there was no animation 
playing directly behind them. They did not feel pressured to turn around during the 
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viewing, which is an experience that has previously been reported in full 360-degree 
fulldome environments (Buczek, 2012).  

Consideration of the gaze was also taken into account in the seating design 
of this experience. Because users were lying down and facing forward in the space, 

they were less inclined to look in all directions around the dome. By contrast, if 
participants were standing and walking around the space, they would be more 

aware of the absence of the projected imagery on the back of the dome. These 
reflections showcase that the gaze is influenced not only by the media but also by 

the design of the theatre's architecture.  
 

7.7 Anthropomorphism 

As previously discussed in the literature review, Kiessling et al. (2017) 

suggested that utilizing human figures and faces in fulldome filmmaking can help 
guide the audience’s gaze because humans are naturally attracted to 

anthropomorphic attributes. When utilizing human figures in the animations, I 
primarily tried to position them in the middle of the dome. Knowing that human 

figures tend to attract the gaze, I avoided placing them on the sides of the dome, 
where users would be required to disregard a large portion of the composition.  

The human figures were also not given much animation or motion. Because 
humans move in complex ways, the portrayal of realistic human motion imposed on 

a still image would cause a high degree of distortion to the image. The choice to 
animate elements like plants, clouds, and water stems from their natural movement 

being relatively simpler to mimic in the execution of the motion design. This factor 
also makes the stationary human figures stand out in comparison to the 
surrounding moving elements. 

 

7.8 Pace and Timing 

 Compared to traditional films, all of the animations contain relatively few cuts 
and scenes. Each animation includes four scenes, with an average shot length of 

approximately 30 to 40 seconds. This decision was informed by my research into 
the best practices for fulldome filmmaking, which suggests that shots in the 
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fulldome are more effective when the audience has time to fully absorb the 
environment (Yu et al., 2017).  

Out of all the remarks on timing, the response to the shortness of the Monet 
animation was the most often reported. In fact, the Monet animation was 

substantially shorter than the other two animations, by 40 and 50 seconds, 
respectively. This difference in timing is significant, considering the animations are 

roughly two to three minutes long. Because the style and composition of Monet's 
paintings are relatively simple, compared to Hokusai's or Rousseau's works, I was 

wary of extending the timing of the shots, believing that the audience may grow 
restless. However, the results suggest that the decrease in the number of layers and 

complexity of animation did not necessarily affect the users' desire to reduce the 
shot length. The fact that no users reported that a particular scene felt too long 

supports the findings in the literature review.      

 

7.9 Narrative 

 Due to the inherent novelty of the fulldome, distinct genres and narrative 

expectations are yet to be defined (Bergermann, 2019). Consequently, freed from 
the need to adhere to a traditional filmic storytelling genre, I avoided a clear 

storyline or verbal narration in the animations. Instead, much like the original 
artwork, I left the interpretation of the narrative to the discretion of the viewer. 

However, this does not suggest that the media design lacked narrative cues. 
Following the recommendations of Yu et al. (2017), narrative cues were placed 

throughout the dome to convey essential storytelling elements to the audience. 
           For the media design in this project, I utilized the prominent visual elements 

in a particular artwork to form the narrative. By revealing layers at certain times, 
using them to transition from one scene to another, or strategically placing them 

within the composition, I drew the audience’s attention more consciously to specific 
forms or imagery. Another storytelling technique that was utilized was the addition 
of natural elements like smoke, light, water particles, and insects, which were not 

sourced from the original artwork. Here, the objective was to present the narrative 
of the artwork beyond what is solely depicted in its frame and boldly imagine what 

elements these environments would possess in the real world. The majority of users 
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responded positively to these external additions, with some explicitly stating that it 
aided their understanding of the narrative. 

Additionally, the narrative was influenced by the sequence in which the 
various artworks of a single artist were presented. This order was influenced by 

multiple factors, including the adherence to the traditional narrative structure, also 
known as Aristotle’s Arc. I specifically arranged the animations to begin with 

imagery that stimulates the user to investigate the space and rouses intrigue. 
Subsequently, I chose the second or third scene to provide a moment of climax. For 

the last shot, I composed a scene that provided a feeling of resolution or final 
suspense.  

Users provided various interpretations of the narratives in each piece. Some 
participants were deeply connected to the perceived narratives, while others felt 

detached from the story or wished for a more robust narrative structure. Moreover, 
the users that indicated a detachment from the narrative suggested that they lacked 

personal interest in the original style of the artwork. Considering the elements in the 
original artwork are what comprise the narrative, the findings suggest that media 

designers should be conscious of preconceived attitudes towards specific artists 
when utilizing well-known artwork in their productions.   

  

7.10 Reference to the Artwork and Artist 

Given the nature of the media design, the original two-dimensional artwork 
and the artist who created them were commonly mentioned by users. These 

comments can be divided into several themes. One of these themes included a 
preference for the fulldome animation over the original artwork, while another 
involved a feeling of deeper engagement to the original work. An explanation for 

these responses could be the unique sense of space within the fulldome theatre. 
The artworks chosen for this immersive presentation were two-dimensional images 

that were representations of natural, three-dimensional land and seascapes. By re-
interpreting these artworks and presenting them in an immersive hemispherical 

display, I showcase the imagery in a medium that is more akin to the original 
landscapes that the artists aimed to represent. The reports that indicated that users 

felt more engaged with the original artwork after watching the fulldome presentation 
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suggests that smaller fulldomes could possess educational and visualization 
affordances, which are akin to large fulldomes and planetariums.  

           Another discussion related to this theme was whether the reinterpretation of 
the artwork authentically portrayed the artists’ original styles and intent. Three users 

commented that the animations honestly represented the artwork, while two noted 
deviations from the original imagery. An important consideration for the media 

design of animations that utilize relatively well-known two-dimensional artworks is 
the degree to which the new representation departs from the original image. While I 

exercised artistic liberty when re-imagining the compositions in a panoramic 
orientation, my overall objective was to maintain and draw attention to the original 

craftsmanship and style of the artists. In the questionnaire that participants 
completed for the usability test, art history and museums and curation were the 

least indicated topics of interest. The relative shortage of reports regarding the 
representation of these original artworks could be due to the lack of interest in the 

fields where discussions of representation in art most often occur (see Chapter 5, 
Table 2). 

 

7.11 Feelings 

One of the most surprising outcomes of the usability test was the polarity 
between the feelings users reported when watching the animations. The reports 

indicated that participants predominantly experienced two feeling groupings, which 
were direct opposites of each other. While certain scenes evoked relaxation and 

calmness in some users, those same scenes prompted anxiety and fear in others. 
Table 4, in the previous chapter, showcases that the most divisive scenes in 

regards to the experience of these two feelings were Scene 4 in the Hokusai 
animation and the general response to all scenes in the Rousseau animation. 

While the original intent of the work was to create a relaxing and 
introspective viewing experience, I was less concerned with what audience 
members would specifically feel in regards to the animation, and more interested in 

the extent to which they felt these emotions. The fact that responses of anxiety or 
fear were reported does not diminish the objectives of the work but rather illustrates 
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the power of the fulldome to elicit deeply-felt experiences. The abundance of 
reporting and in-depth description of the emotions evoked within users suggests 

that the media design effectively elicited an emotional response to the presented 
imagery. 

 

7.12 Sound  

 The audio that accompanied the animations was discussed amongst all 13 
participants, proving its profound impact on the experience of the media and space. 

I have avoided discussions of the audio because I identified the audio production 
methodology as outside of the scope of this project. However, the impact of sound 

design on the media experience is quite inescapable. While I do not have an audio 
production background, I knew that it was essential to create audio mixes for the 

animations. To make the audio that was presented in the user test, I sourced copy-
right free soundscapes and recordings of various natural environments like the 

ocean, forest, and jungle and mixed them in After Effects. While some users 
reported that the audio mixing was roughly implemented, the majority of users 

relayed that the audio added a strong sense of immersion and complemented the 
visual scenes. After the conduction of the user tests, more refined soundscapes 

were installed in the fulldome, which were created by a sound engineer.  
 

7.13 Comparison to Virtual Reality 

 Two users articulated valuable information regarding the trade-offs of both 

fulldome and virtual reality environments. While both agreed that the immersion and 
quality of visuals are superior in virtual reality, they also stated that they could 

spend more time watching the visuals in the dome. One user suggested that this 
was because the distance of the visuals from the user’s body provides a more 

natural and comfortable viewing experience when compared to head-mounted 
displays. In conclusion, designers who aim to produce high-resolution visuals and 
substantial degrees of immersion may prefer virtual reality. By contrast, filmmakers 

who desire to create a spatial experience that prioritizes the extended comfort of 
the visitor may consider the fulldome media environment more favorable.    
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8. Conclusions 

 

This chapter begins with the discussion of the effectiveness of the 

conduction of this thesis in answering the research questions posed in the 
introduction of the project. Moreover, limitations to the research and production of 

this project are also considered. Finally, suggestions are made for future research 
opportunities utilizing affordable fulldome media theatres and media production 

methods. 
 

8.1 Discussion of Conclusions 

This section determines the efficacy of this project in answering the 

proposed research questions: (1) What are the design considerations for developing 
a methodology for a fulldome media environment (both in its architectural 

construction and cinematic production) that bolster the emerging medium's 
accessibility? (2) Can small-scale domes offer immersive experiences? 

I addressed the research questions through: 

1. The construction of a small-scale fulldome theatre and production of three 

short fulldome animations for approximately 5,000 Euros. 

2. Documentation of the dome and media construction in this text. 

3. User evaluations of media in the constructed fulldome media environment.   

The constructed geodesic fulldome was five meters in diameter and three 
meters in height, outfitted with a customized projection surface, which allowed 

multiple people to experience the immersive media content simultaneously. The 
dome was constructed from low-cost and relatively accessible materials, which aid 

in the environment's accessibility. The large surface area of the dome allowed for 
the user to be enveloped in the environment and induce feelings of vection, which 

can facilitate a stronger sense of immersion in the presentation.  
The creation of the fulldome animations from copyright-free materials utilizing 

well-known motion graphics software, rather than highly specialized three-
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dimensional software tools or 360-degree footage, also aids in the affordability and 
reproducibility of fulldome media content. Additionally, the utilization of landscape 

paintings as the subject for the animations capitalizes on the unique affordance of 
the fulldome to represent imagery in all-encompassing spatial dimensions. The 

meticulous selection and animation of images (which aim to represent three-
dimensional space) create a unique paradigm when presented in the fulldome. In 

this exhibition, the artworks move rather than the visitor. The visitor does not 
observe the imagery from various viewpoints but is surrounded by the animation at 

expansive angles. Moreover, the visitor is positioned inside the painting rather than 
distantly viewing the frame on an exhibition wall. This unique presentation of 

animated natural landscapes can conceivably lead to increased experiences of 
immersion, especially when compared to its presentation as a two-dimensional still 

image.  
In summary, the construction of this project, utilizing cost-effective and 

reproducible materials and methods, demonstrates that a small-scale fulldome 
theatre and accompanying media can be constructed economically. Furthermore, 

step-by-step documentation of the fulldome and accompanying media provides 
transparent guidelines and design considerations to understanding the affordances 

and benefits of building and utilizing the unique media environment. Moreover, 
small-scale domes and animation using copy-right free material and low-cost 
software offer benefits of adaptability in space, staff, and cost compared to large-

scale fulldome theaters and expensive cinematic productions. 
Additionally, the design considerations and methods undertaken to construct 

the fulldome and its accompanying media showcase the environment's potential for 
inducing vection and immersion. Results of the Retrospective Think Aloud usability 

test conducted with a group of 13 volunteers in the fulldome media environment 
suggests a majority of participants reported feelings of immersion, which was a 

core aim of the project. While additional participants might provide more rigorous 
usability results, the reports of the 13 users provide a valuable exploration of the 

benefits and deficiencies of the medium. In conclusion, this research suggests that 
smaller and more affordable fulldome environments can potentially be an effective 

canvas for immersive experiences. 
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8.2 Limitations 

A considerable limitation of this research is the number of volunteers who 
could evaluate the fulldome experience through participation in the usability test. 

Due to restrictions imposed by the COVID-19 pandemic and the thorough 
adherence to safety guidelines, I could recruit only 13 volunteers for the usability 
test. Because the results are reports from a relatively small pool of volunteers, this 

research cannot definitively answer if the small dome is immersive. Additionally, 
because of the novelty of the environment, there were relatively few users who had 

a prior interest or background in fulldome media production. The lack of previous 
experiences with the fulldome environment may have limited the criticality of the 

recorded feedback.  
           Another limitation to the project is the absence of research and 

implementation of 360-degree spatial audio in the fulldome environment. While 
audio is a fundamental element of filmmaking, both in traditional and fulldome 

cinema, the production of sophisticated spatial audio soundscapes was out of the 
scope of this project. While spatial audio is proven to increase the experience of 

immersion (Yu et al., 2017), restraints in the budget and timeline of this project 
prohibited more extensive audio production from being implemented during the 

usability test.  
           The budget of this production, while more attainable for smaller institutions, 

is also a limitation on the execution of the research. Because the budget only 
allowed for the purchase of three projectors, the dome was unable to be completely 

covered in the virtual media content. Hence, the projection did not fill the user’s 
complete field of regard. Reports from the usability test suggest that this factor 
leads to a decrease in the experience of immersion for some participants. 

Additionally, the results indicated that the cost-effective materials and methodology 
that were used to construct the fulldome structure and projection surface might 

have proved distracting to a few participants, who reported experiencing a less 
immersive experience than other users. 
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8.3 Future Research 

A discussion of the limitations of the project inspires a variety of suggestions 
for future research. This section considers further actions which could be 

undergone to improve upon the methods and research provided in this paper. 
These recommendations could aid in delivering additional answers to the proposed 
research questions.  

Future usability tests conducted in small-scale domes could better establish 
the affordances and constraints of this medium. For example, researchers could 

test the experience of the dome with a larger number of participants to gather and 
analyze more data, which could lead to more substantiated claims on the impact of 

immersion in small-scale and affordable fulldome environments. Additionally, 
studies that test multiple participants simultaneously experiencing the fulldome 

could aid in understanding the possible affordance of social collaboration. 
Furthermore, researchers could compare the impact of group vs. individual viewing 

on the experience of immersion. Researchers may also consider alternative usability 
tests, like questionnaires and surveys, when conducting studies with a large 

number of participants. Moreover, testing could be conducted comparing the 
presentation of the small-scale dome against desktop computer displays, head-

mounted-displays, and large-scale domes. The comparison of a small-scale and 
affordable fulldome environment to these mediums may offer valuable insight into 

the cost-benefit considerations of productions in different types of media. Lastly, 
Retrospective Think Aloud usability testing is heavily influenced by the background 

of participants chosen to view the media. Recruiting persons who have thoroughly 
studied or produced fulldome media environments may offer more constructive and 
relevant reports that could better aid in the development of design considerations 

for fulldome media environments. 
           Results from the usability test conducted for this thesis found that 

every participant commented on the audio while reporting on their experience of the 
fulldome environment. This finding, as well as previously established research in the 

field of spatial audio (Yu et al., 2017), suggests that the development of 360-degree 
spatial audio in the dome could provide further immersion. Future research 

conducted in small dome environments could implement surround sound speakers 
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with specialized audio tracks that provide sounds that correspond to visuals located 
at a specific location within the fulldome environment. Moreover, additional 

research could be carried out to determine if there are affordable methods for 
implementing spatial audio. 

           Lastly, a handful of user reports indicated a lack of immersion 
because of distractions due to the construction of the dome and the lack of full 

projection coverage. Changes to aspects of the construction of the fulldome and 
projector setup could be considered. While a 2V dome is simpler and less 

expensive to build, the construction of a 3V, or higher frequency dome, could 
provide a projection surface with less distortion. Also, alterations to the projection 

setup and dome construction could enable the projection surface to be extended to 
the floor. Designers could achieve full projection coverage at slightly higher costs by 

investing in more projectors or acquiring those that feature an extremely short throw 
distance. 
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Appendix 

 The images and links below showcase further documentation of the 

production component of this project. While these videos further demonstrate the 
work carried out in the construction of this thesis, viewing the media via a two-

dimensional screen cannot adequately substitute the experience of watching the 
animations from within the fulldome environment. There are four separate videos 
that should be watched for the evaluation of this project. The first is a 

documentation video of the fulldome media environment, while the additional three 
videos showcase the three animations created for the fulldome in YouTube VR.  

 
Documentation of the Fulldome Media Environment 

This link showcases the documentation of the project, which is composed of 
footage shot of the fulldome media environment. This documentation can aid in 

showcasing the structure and scale of the fulldome, as well as the projection and 
presentation of the animations inside of the domed structure. 

  
Fulldome Media Environment 

 
https://youtu.be/V62Uio6VuQk 
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Presentation of the Fulldome Animations in YouTube VR 

 Additionally, the following three links direct the viewer to YouTube VR, where 
persons can watch the three animations developed for the fulldome media 

environment with their latest soundscapes, which have been created by audio 
engineer, Sharif Jamaldin. YouTube VR can be accessed via a computer or 

smartphone. During the playback of the animations, viewers can move the mouse 
around the screen to control the direction of the camera and view all sides of the 
hemispherical display. While the animations’ presentation in YouTube VR can 

represent the fulldome media more adequately than viewing them as two-
dimensional videos, it is important to stress the differences in the format and 

experience of the media in the desktop virtual reality presentation. 
The following three animations were created for a fulldome environment, 

which has its own unique guidelines for filmmaking practices given its large 
surrounding environment. Watching the playback in YouTube VR can give viewers a 

better idea of the quality of the animation, but the camera direction, composition, 
field of view, perception of scale, pace and timing, and feeling of immersion will not 

be accurately reflected in this experience of the animations.  
For the best playback experience, select the gear icon on the playback 

toolbar in Youtube VR, and make sure that the quality is set to “2160s” (4K).  
 

 



108 
 

 

          Hokusai YouTube VR  

https://youtu.be/DWcS5TF-VpA 

 

Rousseau YouTube VR  

      https://youtu.be/3RwO86Dg4Hs 

 
 

Monet YouTube VR 

https://youtu.be/6IUkYJMvi9M 

 


