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ABSTRACT 
Cinematic Virtual Reality (CVR), or 360° video, engages users in 
immersive viewing experiences. However, as users watch one part 
of the 360° view, they will necessarily miss out on events happen-
ing in other parts of the sphere. Consequently, fear of missing out 
(FOMO) is unavoidable. However, users can also experience the joy 
of missing out (JOMO). In a repeated measures, mixed methods 
design, we examined the fear and joy of missing out (FOMO and 
JOMO) and sense of presence in two repeat viewings of a 360° flm 
using a head-mounted display. We found that users experienced 
both FOMO and JOMO. FOMO was caused by the users’ awareness 
of parallel events in the spherical view, but users also experienced 
JOMO. FOMO did not compromise viewers’ sense of presence, and 
FOMO also decreased in the second viewing session, while JOMO 
remained constant. The fndings suggest that FOMO and JOMO 
can be two integral qualities in an immersive video viewing experi-
ence and that FOMO may not be as negative a factor as previously 
thought. 

CCS CONCEPTS 
• Human-centered computing → Virtual reality; Empirical 
studies in HCI. 
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1 INTRODUCTION 
Cinematic Virtual Reality (CVR), or 360° video, engages users in 
immersive viewing experiences [2, 40, 42, 48, 69, 74]. 360° video uses 
either computer-generated imagery (CGI) or photorealistic footage. 
In this paper, we focus on photorealistic 360° video and use the terms 
360° video and Cinematic Virtual Reality (CVR) interchangeably. 
As users watch one part of the 360° view, they will necessarily miss 
out on other parts of the sphere. Consequently, the fear of missing 
out (FOMO) on important aspects of the storyline is unavoidable 
in a 360° video viewing experience [2, 51, 73, 75]. 

FOMO has been much studied in the context of social media and 
defned as the feelings of concern and anxiety that can arise when 
one is presented with a variety of mutually exclusive options and the 
freedom to choose among them [3, 11, 13, 18, 19, 46, 55]. However, 
despite expanding consumer use of 360° video, studies on FOMO in 
virtual reality (VR) contexts are sparse. In immersive storytelling, 
FOMO has been described as a negative factor that distracts users 
and may compromise their sense of presence [2, 51, 73]. 

The concept of the joy of missing out (JOMO) has emerged 
alongside FOMO. JOMO refers to positive feelings, such as joy and 
excitement, that arise when one has an abundance of mutually 
exclusive options and the freedom to choose among them [14, 22, 
79]. Similar to FOMO, JOMO is a potentially useful concept for 
characterizing factors shaping immersive storytelling experiences. 
Inquiry into FOMO and JOMO in CVR is particularly timely as 
social, shared VR experiences are becoming more common [44, 
71, 77]. As a result, the FOMO and JOMO that people feel about 
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an abundance of options on social media could translate to VR 
experiences. 

To further our understanding of FOMO and JOMO in immersive 
storytelling, we explored how users experience FOMO and JOMO 
when viewing a 360° video in a head-mounted display. We ask how 
having the freedom to choose the feld of view (FOV) afects users’ 
FOMO, JOMO, and sense of presence. To accomplish this, we manip-
ulated an aspect of the viewing experience that is normally under 
the viewer’s control: changes in the FOV. We used a split-sphere 
360° video as a stimulus. In a split-sphere 360° video the spherical 
view is split into two 180° parts, with each part representing one 
perspective on the storyline. To keep up with the story, the user has 
to rotate actively to change the feld of view (FOV) within the 360° 
sphere. FOMO and JOMO can be particularly salient when viewing 
such a video. Participants viewed the split-sphere 360° video in a 
mixed-methods, between subjects experiment with four conditions. 
In the free choice condition, participants had the most freedom to 
choose the FOV and manage their awareness of parallel events in 
the 360°sphere. In two timed rotation conditions, the researchers 
rotated the participants at 30- or 90-second intervals, so they were 
aware of the parallel events but could not control rotation. In the 
180° view condition, viewers could only view half of the sphere. 

We used a repeated measures design to gauge the evolution of 
the user experience over the course of two viewing sessions. As 
consumer VR further penetrates the market and CVR experiences 
become more common among consumers, users will have the choice 
to revisit CVR content at will. To our knowledge, previous research 
has not yet examined how repeated viewings of CVR content might 
afect the user experience, yet this could be a key contributor to 
many aspects of the user experience, and especially FOMO and 
JOMO. Therefore, it is important and timely to examine the efects of 
repeated viewings on the user experience in immersive storytelling. 

This exploratory study examines the efect of multiple viewings 
on FOMO, JOMO, and presence, and takes the frst step towards 
conceptualizing JOMO in immersive storytelling. Following this, 
we ofer recommendations for storytellers and designers to better 
leverage the dynamics of FOMO and JOMO for an enjoyable and 
immersive 360° video viewing experience. 

2 RELATED WORK 

2.1 The Fear of Missing Out in 360° Video 
Fear of missing out (FOMO) arises in situations in which a user 
has more than one option. It refers to the anxiety people feel when 
choosing to do one thing results in missing out on another activity. 
An abundance of choices can cause anxiety, fear of making a “wrong” 
choice, and, eventually, regret [46]. Most research on FOMO has 
examined its association with social media use [13, 25, 34, 39, 55]. In 
this context, FOMO has been defned as a pervasive apprehension 
that others are having more rewarding experiences than oneself 
and a desire to stay continuously connected with what others are 
doing by monitoring communication platforms such as social media 
[13, 55]. FOMO is associated with a decreased sense of well-being 
due to feelings of anxiety, concern, and stress [3, 11, 13, 18, 19, 55]. 

FOMO has also been identifed in VR, particularly in 360° video 
viewing experiences [2, 51, 60, 73]. The omnidirectional view in 360° 

video provides multiple felds of view (FOV) from which the user 
can choose. By choosing to watch one slice of the 360° sphere, the 
user misses out on events occurring elsewhere in the sphere. 360° 
video can thus cause users to experience FOMO. In CVR, FOMO 
refers to the viewers’ concern about missing important parts of 
the story [2, 47, 73]. Previous studies have described FOMO as a 
negative factor that can distract the user, decrease enjoyment, and 
risk compromising the immersive experience [2, 51, 70, 73, 75, 80]. 
To address these issues and help users focus their attention in 
the spherical view, designers have started to develop solutions 
to mitigate FOMO [16, 26, 63, 76]. These solutions include visual 
indicators and diegetic cues, such as sound and audiovisual guid-
ance, which are provided to the user during the viewing experience 
[35, 48, 59]. FOMO, however, could also have positive efects. New-
ton and Soukup [47] suggest that the awareness of multiple, parallel 
options for choosing the FOV could nudge the viewer to actively 
use the full spherical view instead of sticking with only one focal 
point. 

In this study, we defne FOMO in 360° video as a fear of missing 
out on parts of the narrative occurring outside of the viewer’s cur-
rent feld of view. Developing a better understanding of the nature 
of FOMO in the context of 360° video will help us understand the 
user experience of CVR storytelling, compose more engaging sto-
ries, and design functional technologies to mediate them. Therefore, 
we propose the following research question: 

RQ1a How do users experience the fear of missing out (FOMO) 
in a 360° video viewing experience? 

2.2 The Joy of Missing Out in 360° Video 
Joy of missing out (JOMO) refers to feelings of enjoyment prompted 
by being able to choose not to participate, to “opt out” of keeping 
up with and engaging in social activities [5, 14, 22, 79]. A key aspect 
of JOMO is the freedom to choose where to direct one’s attention 
[22, 53]. JOMO arises in situations in which the user has an abun-
dance of choices. The user is aware of alternatives and enjoys the 
opportunity to choose and the choices they make. Although FOMO 
and JOMO are often framed as opposite, antagonistic factors, they 
are not necessarily mutually exclusive and may occur simultane-
ously during an immersive viewing experience. The user may feel 
concern and anxiety while trying to capture the full storyline but 
may also simultaneously experience positive feelings, such as joy 
and excitement about the choice of content. Thus, the user could 
experience FOMO and JOMO as co-occurring factors. 

Despite increasing attention to JOMO in the popular press [20, 
54, 57], JOMO remains an understudied phenomenon in academic 
scholarship. JOMO has been mentioned as an observation in a study 
about disconnecting from mobile use [4], yet no formal studies 
about JOMO have been conducted to our knowledge. 360° video 
creates a user experience in which positive feelings similar to JOMO 
could be present. Freedom to choose the FOV could induce feelings 
of enjoyment, excitement, and control. In this paper, we examine 
these positive feelings as JOMO in the 360° viewing experience, 
asking the following question: 

RQ1b How do users experience the joy of missing out (JOMO) 
in a 360° video viewing experience? 
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2.3 Sense of Presence in 360° Video 
A key quality of immersive media such as 360° video is the user’s 
sense of presence, which refers to the psychological state of ex-
periencing the virtual environment as the one in which the user 
is consciously present [38, 56, 65, 67]. Spatial or environmental 
presence refers to the feeling of being in the virtual environment, 
the sense of “being there” [28, 33]. Social presence is the feeling of 
“being with others” or perceiving virtual social actors as actual so-
cial actors [10, 33]. Another aspect of presence is self-presence, also 
referred to as body ownership or embodiment, which refers to the 
user’s illusory perception of a virtual body as their own—an experi-
ence that a frst-person VR experience can create [12, 31, 41, 64, 66]. 

Decades of work have examined presence and self-presence or 
body ownership in VR experiences, mostly based on computer 
generated imagery (CGI) environments [28, 33] and computer-
generated avatars [24, 27, 52, 61]. More recent studies show that 
photorealistic 360° video can also create a sense of presence similar 
to CGI-based VR experiences [2, 45, 69, 73, 74]. A sense of body 
ownership may also be possible to achieve in a photorealistic 360° 
video, in which the cameras are rigged on the actors to simulate 
their frst-person perspectives. The relationship between sense of 
presence and FOMO/JOMO is unknown, but sense of presence is 
a key element of an immersive storytelling experiences [15]. We 
therefore pose the following research question: 

RQ2 What is the association between FOMO and JOMO and 
users’ sense of presence in an immersive video viewing experience? 

2.4 Efects of Repeated Viewings on FOMO, 
JOMO, and Sense of Presence 

Due to the advent of inexpensive consumer VR devices, users can 
now view 360° video content at home. This difers from the past, 
in which traditional, CGI-based VR experiences mostly took place 
in research labs. The user experience of watching 360° video at 
home can difer signifcantly from that of lab-based experiences. 
One diference is that the user can decide to rewatch 360° videos at 
will, similarly to how other consumer content is consumed, such as 
episodes of television shows. This evolution of the user experience 
of 360° video prompts an important question about how the user’s 
reactions to the virtual content may develop over the course of 
several viewings, or when the user is aware that they have the 
option to revisit content. We thus ask: 

RQ3 How does viewing the 360° video content more than once 
afect FOMO, JOMO, and sense of presence? 

3 METHODS, DATA, AND MEASURES 

3.1 Stimulus: 360° Split-Sphere Film 
The stimulus was a 10-minute, fctional 360° flm called UTURN 
produced by NativeVR [43]. The flm is situated in a technology 
startup in San Francisco. The female engineer and the male CTO 
are the lead actors. The team’s female engineer works hard, but 
her work goes unrecognized by the company executives. In most 
scenes, the main characters operate in diferent environments: the 
female engineer works at the company’s ofce, while the male CTO 
travels to New York to raise funding. The flm shows him at his hotel 
room and in meetings and dinner with prospective funders. The 

360° sphere of the flm is vertically divided into two 180° spheres, 
each of which shows one character’s frst-person point of view. 
The two concurrent sides of the story run in parallel: while the 
user is watching one side, the other main character’s narrative also 
proceeds on the other side. By choosing the FOV in the 360° view, 
the user can watch the engineer solve technical problems or follow 
the CTO’s preparation for the pitch. 

The flm was shot with a modifed two-camera GoPro rig. The 
cameras were rigged on the two main actors’ heads to provide 
the viewer a frst-person perspective, allowing the viewer to see 
part of each main actor’s body and hands when looking down. The 
video has spatialized sound that adjusts according to the user’s head 
position. When the user’s view centers on the midline between the 
two 180° sides, the user sees a thin black divider line along with 
about 30° of both views and hears dialogue from both sides. As the 
user’s FOV approaches this midline, sound cues from the other side 
of the sphere become increasingly audible. 

3.2 Experiment Design 
The between-subjects, mixed method experiment was conducted in 
July-September 2018. 119 participants were randomly assigned to 
watch the video in one of the four conditions: as a 360° split sphere 
in a HMD, freely choosing the FOV in the 360° sphere (Condition A, 
also called “Free choice”); as a 360° split sphere in a HMD, in timed 
rotation to another FOV every 30 seconds (Condition B, “30-second 
timed rotation”); as a 360° split sphere in a HMD, in timed rotation 
every 90 seconds (Condition C, “90-second timed rotation”); or as a 
half-sphere 180° flm, seeing the flm from start to fnish from each 
perspective, with the backside of the video being blank (Condition 
D, “180° view”). 

Whether participants started from the female or male charac-
ters’ perspective frst was counterbalanced across conditions. In the 
second round, they started from the opposite perspective. Thus, all 
participants saw the entire flm over the course of the two sessions. 
In condition A, participants were free to rotate between the two 
viewpoints. In condition D, participants watched one 180° view 
from start to fnish in each round. In conditions B and C, the re-
searcher rotated the participants’ from one FOV to another at 30-
or 90-second intervals by rotating the swivel chair. We tracked 
the rotation time intervals by recording the lap rounds using a 
stop watch and rotational tracking. If the timing and frequency of 
the rotation were not consistent, the data were removed. Figure 1 
shows the participants’ rotational activity in each condition. Par-
ticipants were not told in advance that they would see the video 
twice to avoid afecting their experience during the frst viewing 
session. The two viewing sessions allowed us to examine the evo-
lution of FOMO, JOMO, and presence between the frst and second 
viewings. 

The four conditions represented diferent types of viewing ex-
periences, where FOMO, JOMO, and presence could potentially 
vary. In the free choice condition (A), the user could freely rotate 
to choose the FOV in the 360° sphere to gain awareness of simulta-
neous events. In the timed rotation conditions (B and C), the user 
did not have the ability to choose the FOV but had awareness of 
simultaneous events. The two frequencies for alternating the FOV 
in Conditions B (every 30 seconds) and C (every 90 seconds) were 



CHI ’21, May 8–13, 2021, Yokohama, Japan Aitamurto et al. 

Figure 1: Example of the participants’ viewing patterns in each condition. Positive yaw (blue) indicates that the participant 
was looking at the female’s side, and negative yaw (green) indicates that the participant was looking at the male’s side. 

chosen to vary the degree to which participants had access to simul-
taneous events occurring on the two sides of the spherical view. The 
180° viewing modality (Condition D) provided a single perspective 
on the storyline from start to fnish of a session. The viewer could 
then get the full story. Condition D provided a point of comparison 
for presence. 

3.3 Procedure 
We recruited participants via email and posters, and they received 
a gift card as compensation. Each session with a participant lasted 
about 75 minutes. Participants frst flled out an IRB-approved con-
sent form and a pre-questionnaire in which they answered demo-
graphic questions and attitudes toward VR and new technologies. 
We report these results in the section “Sample Profle.” 

All participants were seated in a swivel chair and then received a 
demo of the video in a headset. In the timed rotation conditions, the 
participants practiced side switching rotation with the researcher. 
Participants viewed the video twice and flled out a survey after 
each viewing. 

Participants wore a Samsung Gear VR head-mounted display 
with a Samsung Galaxy S6 mobile phone and Bose QuietComfort 
35 headphones. The participants’ head rotation was tracked in the 
HMD. The HMD sensor recorded approximately 60 events/second. 
Each event includes the yaw (horizontal movement) and pitch (verti-
cal movement) of the user’s head and the time duration of the event, 
which is approximately 1/60 second. Some data loss occurred: Both 

In this study, 106 people participated from the communities sur-
rounding two universities on the east and west coasts of the United 
States. Eight participants were eliminated in total from Conditions 
B and C because of uneven rotation intervals. In addition, fve par-
ticipants were eliminated because they had seen the flm before, 
or they had omitted or incorrectly repeated sections of the survey 
data. This left 106 participants, of whom 51 were women and one 
person preferred not to state their gender. After removals, Condi-
tion A had 34 participants (16 female, one preferred not to report), 
B had 25 (13 female), C 24 (10 female) and D 23 (12 female). The 
participants were a young, educated, and international crowd. The 
majority (85%) were between 18 and 34 years old. 72% had either a 

viewing sessions were completely captured for 96 of the 119 partic-
ipants. Participants whose sessions were not completely captured 
were discarded. After exclusions, Condition A had 31 participants, 
B 22, C 20, and D 23. Full rotational data analysis is reported in the 
Appendix. 

This paper is a part of a larger study, in which we examined sev-
eral aspects of an immersive viewing experience, including partici-
pants’ reasons to choose a FOV [78] and usability. The anonymized 
data reported in this paper is available at the OSF archive: https: 
//osf.io/3f9vr/. In addition, the raw data and code are published at 
the Cornell Institute for Social and Economic Research, which is 
linked to through our OSF repository. 

3.4 Participants 

 https://osf.io/3f9vr/
 https://osf.io/3f9vr/
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Bachelor’s, Master’s or doctorate degree. Most participants (52%) 
were born outside the United States. The majority of participants 
(55%) had never watched a 360° video. One-third had never used a 
HMD before, one-third had used a HMD once, and one-ffth had 
used a HMD 2-4 times. Most of the participants did not play video 
games actively: 43% played once a year and 31% never. 

3.5 Measures 
Participants flled out surveys before viewing the videos and after 
the frst and second viewings of the flm. A full listing of the ques-
tions can be found in the Appendix. Survey questions included both 
Likert-type scales and open-ended questions. In order to capture 
subtle changes in surveys taken in the same experimental session, 
we used a continuous rating scale with two decimal places rather 
than discrete 1-7 point scales, so that participants would not be 
biased by remembering their exact previous ratings. 

3.5.1 Spatial and Social Presence and Body Ownership. We used 
measures for presence and body ownership from [1, 21, 49, 50]. We 
averaged spatial presence from a 4-item scale (α=.86), social pres-
ence a 4-item scale (α=.91) and self-presence and body ownership 
using a 3-item scale (α= .87.) The questions for each scale are listed 
in the Appendix. 

3.5.2 Fear of Missing Out. Existing measures for FOMO have been 
developed for social media contexts and therefore refer to appre-
hension about missing out on or learning about friends’ rewarding 
experiences [3, 13, 18, 46, 55]. We adapted items from these mea-
sures based on fndings from CVR studies in which FOMO has 
been observed [2, 47], with a goal to capture feelings associated 
with FOMO such as distraction, frustration, concern about missing 
scenes playing out on the other side of the 360 °sphere, and regret 
over the choices made. Our 5-item scale (α=.84) included the fol-
lowing statements: “The fear of missing out on parts of the story 
distracted me when watching the video”; “I felt frustrated because 
I couldn’t see the both sides of the story in full”; “I was concerned 
that while I was watching one side, there were more important 
events happening on the other side”; “I wish I had spent more time 
watching the other side”; “I would prefer watching one side of the 
flm in full at a time.” Participants answered these questions in Con-
ditions A, B, and C, in which the participants had access to the two 
parallel storylines and therefore could experience FOMO. Because 
participants assigned to Condition D did not have simultaneous 
access to both storylines, FOMO was not measured in Condition D. 

3.5.3 Joy of Missing Out. Due to a lack of existing measures for 
JOMO, we developed a scale to measure JOMO based on fndings 
from [2, 4, 22, 47, 53]. The scale measured fun, excitement and joy 
associated with (1) the awareness of the two parallel storylines 
and (2) the freedom to choose the FOV. We measured JOMO in 
Conditions A, B and C using a 3-item scale (α=.82), which included 
the following statements: “It was exciting that the story proceeded 
on two sides at the same time”; “It was fun to switch the sides 
while watching the flm”; “I enjoyed switching between the two 
perspectives.” We further examined factors related to FOMO and 
JOMO in the viewing experience in the free choice condition (A) 
with a single question that asked participants how easy it was to 
choose the feld of view in the 360° sphere. 

3.5.4 Open-ended Qestions about FOMO, JOMO, and User Ex-
perience. We also examined FOMO and JOMO with open-ended 
questions:“Why was/wasn’t it exciting that the story proceeded on 
two sides simultaneously?”; “Please describe how it felt to feel dis-
tracted”; “Why would/wouldn’t you prefer watching one side of the 
flm in full at a time?”; “Why was it difcult/easy to choose which 
side to watch?”; “Why did/didn’t you have fun while watching the 
video?” 

We analyzed the open-ended survey answers using an analytical 
coding system [68]. We employed open coding in the frst round of 
analysis to discern key themes and patterns in the data that then 
guided further analysis. The conceptual framework of FOMO and 
JOMO from the existing literature also guided the analysis. Finally, 
we applied selective coding to integrate and synthesize the results, 
which we report in the Findings section. 

3.6 Data Analysis 
Because the data for the presence, FOMO, and JOMO scales were 
not normally distributed, we analyzed the data with non-parametric 
tests. The diferences between the conditions were analyzed using 
the Kruskal-Wallis test [30, 62] and the Dunn test as a post-hoc test. 
P-values were adjusted using the Benjamini-Hochberg method [7]. 
Because we used presence, FOMO, and JOMO as outcome measures 
both between conditions and between Session 1 and Session 2, we 
adjusted our alpha from .05 to .025 for these sets of analyses. The 
diferences between the two viewing rounds per condition were 
analyzed using a dependent samples sign test. 

4 FINDINGS 

4.1 Fear of Missing Out in 360° Video 
4.1.1 Fear of Missing Out Across the Rotation Conditions. To ad-
dress RQ1a about FOMO in the 360° video viewing experience, we 
analyzed the diferences in the FOMO scale between the free choice 
condition (A) and the two timed rotation conditions (B and C). We 
only found a diference in FOMO between the free choice condition 
(A) and the 30-second timed rotation condition (B) in the frst view-
ing session ( 2χ =12.45, p=0.006), and FOMO was greater in the free 
choice condition. 

These results suggest that the key factor driving FOMO may be 
awareness of simultaneous events, with or without the freedom 
or need to choose the FOV. This indicates that FOMO seemed to 
result from awareness of options rather than the freedom or the 
need to choose, which was absent in the timed rotation conditions 
B and C. Viewers in Condition B (30-second timed rotation) may 
have reported less FOMO because they felt they had more access 
to all events, since they saw at least part of all scenes due to the 
rapid rate of rotation. 

In the free choice condition, there was a statistically signifcant 
decrease in FOMO between the frst and second viewing sessions, 
as Table 1 shows. In contrast, there were no signifcant changes 
between the viewing sessions in the timed rotation conditions (B 
and C). Consequently, in the second viewing session, there were 
no statistically signifcant diferences in FOMO between the con-
ditions ( 2χ =3.25, p=0.355). This result suggests that FOMO may 
not be a permanent feature of a 360° video storytelling experience. 

https://�2=12.45
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Table 1: FOMO in the two viewing sessions in Conditions A 
(free choice), B (30-second timed rotation), and C (90-second 
timed rotation) analyzed using the sign test. 

Condition Session 1 Session 2 S p 
Mdn Mean (SD) Mdn Mean (SD) 

A 4.48 4.43 (0.8) 3.81 3.5 (1.2) 29 0.003*** 
B 3.42 3.32 (1.2) 3.11 2.95 (1.3) 16 0.152 
C 4.32 4.12 (1.4) 3.15 3.29 (1.1) 17 0.064 

Note: ***p < 0.001 

When users can view the same content multiple times, FOMO may 
decrease over the course of multiple viewings. 

4.1.2 FOMO as Concern and Anxiety. In their open-ended survey 
answers, the participants described FOMO as a concern about miss-
ing out on important parts of the story and distraction associated 
with frustration over not being able to view the content in full. 
“While watching one storyline, I would be engaged with it, but at 
the back of my head I’d be wondering if there was something going 
on on the other side so I would feel a need to keep going back 
and forth to make sure I did not miss anything major on either 
side” (68A). “The only thing that concerned me is that I could have 
had missed out important information or nuances of one of the 
characters given the two stories were so parallel” (24A). 

The participants described FOMO as both a constant feeling 
and an intermittent concern: “There was the constant sense that 
you might miss an important aspect of the story” (4A). “At times, I 
was concerned that I had missed a key moment in the story that 
occurred on the other side” (39A). 

The participants described FOMO similarly in Conditions A, B, 
and C—whether they could choose the FOV (as in the free choice 
condition) or were assigned to it (as in the timed rotation conditions): 
“I did not want to miss things going on one side after the transition 
to the other side happened” (24C). “This one gave a little bit anxiety 
about whether I was missing something important to the plot, what 
I missed, can I still understand the story” (20B). 

4.1.3 Ease and Dificulty of Choosing the FOV. In the free choice 
condition, the ease of choosing the FOV increased between the 
viewing sessions based on the paired t-test (t=−3.2, p=0.003) (Mean 
Round 1: 4.23 (SD:1.52); Mean Round 2: 5.06 (SD:1.18); Median 
Round 1: 4.19; Median Round 2 :5). 

FOMO was the main reason for difculty in choosing the feld 
of view. In the frst viewing session, the participants were equally 
divided between those who found choosing the FOV more difcult 
than easy (50% of the respondents) and those who found choosing 
more easy than difcult (50% of the respondents). Those who found 
it difcult to choose the FOV described FOMO as the main reason 
for the difculty in their open-ended survey answers. All those 
responses mentioned FOMO as the primary reason for the difculty: 
“[It was difcult] because I wasn’t sure if I was missing out on 
important parts in the other part of the story” (35A). The users who 
found choosing the FOV more easy than difcult cited the freedom 
to choose the FOV as the main reason for the ease. “[It was easy] 
because I can just rotate to get the side I want to follow” (21A). 

Table 2: JOMO in the two viewing sessions in Conditions A 
(free choice), B (30-second timed rotation), and C (90-second 
timed rotation) analyzed using the sign-test. 

Condition Session 1 Session 2 S p 
Mdn Mean (SD) Mdn Mean (SD) 

A 5.13 5.25 (1.04) 4.83 4.96 (1.15) 17 1 
B 5.70 5.7 (0.86) 5.54 5.64 (0.85) 15 0.424 
C 5.54 5.56 (0.91) 5.67 5.53 (0.99) 15 0.21 

After the second viewing session, the users who still felt that it 
was more difcult than easy to choose the FOV were a minority 
(21%). FOMO remained the primary reason for the difculty: 100% 
of the responses mentioned FOMO as the primary reason. Those 
(76% of the respondents) who perceived choosing the FOV as more 
easy than difcult mentioned a desire to get the full story (72% of 
the responses) as the main reason for the ease: “Since it was my 
second time watching the flm, I watched all the scenes I did not 
see the frst time” (55A). Freedom to choose remained a secondary 
reason for the ease of choosing the FOV (28% of the responses). 
These results suggest that FOMO was a central factor challenging 
the participants’ decision-making over the FOV. 

4.2 Joy of Missing Out in 360° Video 
4.2.1 Joy of Missing Out Across the Rotation Conditions. To ad-
dress RQ1b about JOMO in the 360° video viewing experience, we 
analyzed the diferences in the JOMO scale between the free choice 
condition (A) and the two timed rotation conditions (B and C). 

There were no statistically signifcant diferences between the 
free choice condition (A) and the timed rotation conditions (B and C) 
in the frst (χ2=4.41, p>0.110) viewing session. In the second view-
ing session there were statistically signifcant diferences (χ2=7.50, 
p=0.024), such that the participants in the two timed rotation condi-
tions experienced slightly more JOMO than the participants in the 
free choice condition. However, using a dependent samples sign test, 
we found no statistically signifcant diferences between Session 1 
and Session 2 within any of the conditions, as Table 2 shows. 

Taken together, these results suggest that JOMO can be an evolv-
ing, dynamic factor, which may change over several viewing ses-
sions. In the frst viewing session, the similar levels of JOMO across 
the conditions indicate that the only the awareness and access to 
parallel events induced JOMO rather than the freedom/need to 
choose the FOV. However, in the second viewing session, the partic-
ipants in the two timed rotation conditions experienced more JOMO 
than in the free choice condition, which indicates that the awareness 
of the parallel events and access to them may have induced more 
JOMO (as in the timed rotation conditions), not just the freedom to 
access the events at will (as in the free choice condition). This change 
may be because the users in the second viewing round realized that 
they are seeing the parts they missed out in the frst viewing round 
and thus could focus more on enjoying the experience, whereas in 
the free choice condition, the users had to actively make decisions 
over the FOV. 
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4.2.2 Joy and Excitement as JOMO. In the majority of their open-
ended answers, participants described feelings of joy and excite-
ment stemming from both the freedom to choose the FOV and 
access to parallel events in the spherical view. In the free choice 
condition (A), 90% of the responses from both viewing sessions 
combined mentioned the freedom to choose the FOV and access to 
parallel events as reasons for feeling excited. In the timed rotation 
conditions (B and C), 75% of the responses described access to par-
allel events in the spherical view as a reason for excitement. The 
other main reasons were immersion (18%) and content (5%). 

The participants described being aware of the two perspectives 
but still content with what they could observe during the viewing 
experience: “I could move wherever I wanted and could switch sides 
too. I liked that I was free to pay attention to whatever I wanted” 
(24A). “It made the story feel like it was happening in real time. 
You could watch one side of the story, but you knew that things 
continued to happen on the other side of the story that you were 
missing. It was just like real life in that you can only experience 
one perspective at a time” (40C). 

4.3 Association between FOMO and JOMO 
To further examine the relationship between FOMO and JOMO, 
we used Spearman’s rank correlation to analyze the association 
between FOMO and JOMO. There was a moderate, statistically sig-
nifcant negative correlation between FOMO and JOMO (r(s)=−0.37, 
p<0.001), indicating that as FOMO increased, JOMO decreased, and 
vice versa. 

To understand the relationship between FOMO and JOMO better, 
we analyzed the open-ended survey answers. In 30% of the open-
ended answers, the participants described positive feelings, such as 
joy and excitement, alongside the fear of missing out: “It created 
some excitement/anxiety that I was leaving one side, and also some 
excitement that I was ‘discovering’ the other side each time” (59C). 
“It was fun to know I was going to enter a new perspective, but 
at the same time I felt that I was leaving something behind and 
potentially missing out on a story” (25B). These fndings suggest 
that fear of missing out did not necessarily always preclude positive 
feelings. Participants could experience FOMO, becoming distracted 
by their awareness of parallel events occurring in diferent parts 
of the spherical view, and also feel excited about their multiple 
options. 

4.4 Presence, FOMO, and JOMO 
To address RQ2 about FOMO, JOMO, and presence, we analyzed 
the diferences between the conditions for our three presence con-
structs: spatial presence, social presence, and body ownership. We 
examined body ownership for both the female and male protag-
onists. We found no statistically signifcant diferences between 
the conditions (all p’s>0.25). Whether participants experienced a 
condition where they had control over the feld of view, one where 
their FOV was assigned did not signifcantly efect participants’ ex-
perience of any category of presence. Furthermore, neither viewing 
the flm as a 360° experience with two parallel storylines (free choice 
condition [A] and the timed rotation conditions [B and C]), nor 
viewing it as a more traditional viewing experience from beginning 
to end in a 180° view (180° view condition D) afected presence. 

Table 3: Presence scores for Session 1 and Session 2 analyzed 
using a paired-sample sign test. 

Session 1 Session 2 Z/S p 
Mdn Mean (SD) Mdn Mean (SD) 

Presence 
Spatial 5.86 5.70 (0.95) 5.24 5.18 (1.18) 75 <0.001*** 
Social 5.03 4.82 (1.32) 4.80 4.61 (1.48) 67 0.006** 

Body ownership 
Female 4.57 4.39 (1.42) 4.49 4.37 (1.52) 39 0.911 
Male 3.21 3.25 (1.38) 3.45 3.40 (1.47) 32 0.075 

Note: ***p < 0.001, **p < 0.01 

However, there was a statistically signifcant decrease in partici-
pants’ sense of spatial and social presence between viewing sessions 
across all conditions, as shown in Table 3. While repeated viewings 
may have positive efects, such as reduced FOMO, there may be a 
double-edged sword in an immersive storytelling experience, since 
presence is a key goal in immersive storytelling. 

To further address RQ2 about the association between presence, 
FOMO, and JOMO, we used Spearman correlations. We found sta-
tistically signifcant weak positive correlations as detailed in the 
following. Of the presence constructs for Session 1, only spatial 
presence correlated signifcantly with JOMO measures (r(s)=.32, 
p=0.003), with a marginally signifcant correlation for social pres-
ence (r(s)=0.20, p=0.075). For Session 1, there was a statistically 
signifcant correlation between FOMO and the body ownership mea-
sure for the female character (r(s)=0.21, p<0.039) and a marginally 
signifcant correlation for the body ownership measure for the male 
character (r(s)=0.18, p=0.077). For Session 2, this pattern difered, 
such that JOMO correlated statistically signifcantly with spatial 
presence (r(s)=0.34, p=0.002), social presence, (r(s)=0.34, p=0.002) 
and body ownership for the female character (r(s)=0.37, p<0.001), 
but not signifcantly with body ownership for the male character, 
(r(s)=0.17, p=0.1318). There were no statistically signifcant rela-
tionships between presence and FOMO at time 2 (all p’s>0.15). 

These results suggest that FOMO may not be a prominent factor 
compromising presence, since we found no strong negative rela-
tionships between FOMO and presence. However, the weak positive 
correlations found between presence and JOMO suggest that en-
joyment may contribute to the sense of presence in the viewing 
experience. 

5 LIMITATIONS 
As is often the case in immersive video studies [2, 8, 9, 29, 51, 70, 
72, 73], we used a single stimulus in this study. A single stimulus, 
however, has limitations. Every 360° video has unique qualities, 
including the narrative, setting, and technical features such as the 
production quality. All these factors may afect the viewing experi-
ence, and, consequently, FOMO, JOMO, and presence. For instance, 
if the narrative moves slowly, the user may have more time to pan 
around in the sphere and focus on other FOVs without feeling a 
strong fear of missing out on the events. The user may experience 
less JOMO, but a stronger sense of presence. Conversely, if the 
narrative moves quickly and there are many interesting audiovisual 
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elements to explore, the user may feel more FOMO and JOMO, while retaining JOMO, but actually revisiting content may also 
reduce the user’s sense of presence over time. but less presence. These qualities can also impact the perceived 

usability of the viewing experience. We elected to use this specifc 
video because its novel format provided a unique opportunity to 
elicit feelings of FOMO and JOMO while controlling for agency 
in four conditions. Since there were two scenes unfolding on op-
posite sides of the sphere, users were always sure to be “missing 
out” on content. However, it was possible to watch the flm as a 
coherent, more traditional-style narrative in the 180° viewing con-
dition (D). Thus, our manipulations, such as changing the rate at 
which users were exposed to diferent FOVs (as in the timed rotation 
conditions [B and C]), could be as efective as possible. Future work 
should examine other 360° videos to present content on all sides 
to examine the generalizability of these results. This exploratory 
study provides only a frst step towards understanding the roles 
of FOMO and JOMO in 360° video. Future research should extend 
the line of research presented in this paper by examining FOMO 
and JOMO in multiple storytelling settings with multiple types of 
stimuli. We discuss the implications of this study in the Discussion 
section. 

6 DISCUSSION 

6.1 FOMO and JOMO: Two Sides of the Same 
Coin 

Our fndings suggest that a 360° video viewing experience can 
yield concern over missing out on important aspects of the story-
line (FOMO), while also generating feelings of excitement about 
the freedom to choose the FOV and access to parallel events in 
the spherical view (JOMO). FOMO and JOMO can be seen as two 
sides of the same coin: both stem from the awareness of multiple 
options in the 360° sphere, which can prompt both negative and 
positive feelings. JOMO refers to joy at being able to choose from 
multiple options, whereas FOMO refers to concern about possi-
bly missing out on important events. Both metrics are associated 
with the availability of multiple options. FOMO did not compro-
mise presence, indicating that FOMO may not be as distracting a 
factor in an immersive viewing experience as previously assumed 
[2, 51, 73]. Furthermore, viewers can experience FOMO while also 
experiencing feelings of joy and excitement, even when they can-
not access all available options at will. FOMO decreased over time 
in the free choice condition, while JOMO remained constant. This 
suggests that when users view a 360° video multiple times, they 
may continue to experience JOMO at similar levels, while FOMO 
may decrease. Therefore, awareness of the option of multiple view-
ings could alleviate FOMO, meaning that to a certain extent FOMO 
could be an artifact of the artifcial constraints of the laboratory in 
which users are presented with experiences that they know they 
cannot access again on their own. As 360° videos become more 
commonly viewed in home settings, where users can view the same 
content multiple times, FOMO may become a less prominent fac-
tor in the user-experience. Future work should examine whether 
merely instructing participants that they can watch the video again 
can alleviate FOMO while retaining JOMO. While repeat viewings 
decreased FOMO, they also decreased presence. The awareness of 
the ability to revisit virtual content may thus help to reduce FOMO 

6.2 Implications for Research on FOMO and 
JOMO 

FOMO has been approached primarily as a negative factor both in 
CVR and in other realms. The results of this study suggest, how-
ever, that FOMO may not be as negative a distraction as previously 
thought. Future research should thus examine the potential positive 
implications of FOMO, both in CVR and other contexts, instead of 
using only a negative framing to the construct. For example, avoid-
ing the negative feeling of FOMO might drive users to investigate 
multiple options. Moreover, future research should also interrogate 
further the relationship between FOMO and JOMO, specifcally 
looking at the mechanisms by which the two mutually infuence 
each other 

Visual and diegetic cues can help the user choose the feld of view 
in the 360° sphere and mitigate FOMO. However, such cues may also 
increase anxiety about choosing the FOV. Finding the right balance 
between guiding the user within the spherical view and letting 
the user experience both FOMO and JOMO should be the goal. As 
Sarker [60] proposes, designers of immersive experiences must fnd 
“the sweet spot between boredom and frustration,” where sufcient 
cues hint to viewers that they have options, but too many cues 
may introduce FOMO-anxiety. Moreover, future research should 
explore how storytelling techniques can be efectively used to hint 
the viewer of a good time to switch the FOV. 

Future research should examine the potential of using VR as 
environments in which people can practice coping with multiple 
options (FOMO) constructively in their lives and strengthen their 
ability to experience JOMO. VR has been successfully used as a treat-
ment context and a tool in exposure therapy for anxiety and stress 
disorders [6, 17, 36, 37] and phobias [23, 58]. FOMO could prove to 
be another fear for which VR can provide a safe and controllable 
treatment environment. Research should aim for developing coping 
mechanisms for FOMO, and particularly mechanisms that could 
help the user to transition from FOMO to JOMO – enjoying the 
awareness of multiple options and choice. 

However, it is important to bear in mind the fundamental dif-
ferences in FOMO and JOMO in CVR compared to other contexts, 
such as social media. In social media, FOMO is often associated 
with social comparison of oneself to others, whereas in CVR, FOMO 
is about what is happening elsewhere in the video, i.e., in the FOVs 
that the user is not watching. However, as social, shared VR experi-
ences are becoming more common [32, 44, 71, 77], this diference 
may dissipate to a degree. Social VR experiences could make the 
element of social comparison more salient in VR and thus expose 
VR users to a type of FOMO similar to that associated with social 
media. 

In CVR, the user has access to multiple options in the 360° sphere. 
Yet, those options are situated entirely within the spherical view 
and are thus limited by the content and technical afordances of 
the flm. In addition, the prerecorded nature of 360° flm means 
that FOMO may dissipate entirely when users have the option to 
rewatch content at will. In contrast, in social media and in life in 
general, the number of options is much larger, and it may not be 
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possible to reproduce or revisit events. Thus, the causes of FOMO 
and JOMO vary based on context. 

Moreover, watching a CVR flm is a relatively short time com-
mitment, typically about 10 minutes at most. Consequently, both 
the negative and positive feelings that emerge during the viewing 
experience are rather short-term. In contrast, users often use social 
media continuously and therefore may experience the concern and 
anxiety of FOMO and happiness of JOMO continuously over long 
periods of time, leading to greater efects. 

6.3 Design and Storytelling Implications 
• Storytellers should focus on increasing users’ JOMO instead 
of only mitigating FOMO. 

• JOMO could be increased by adding visual stimuli across the 
spherical view to notify the viewer of available options and 
foster joy and excitement about their choices. 

• Audiovisual directional cues may help the user to navigate 
the 360° sphere and mitigate the difculty of choosing the 
FOV. However, such cues may also diminish the joy users 
derive from discovering elements in the spherical view and 
reduce their sense of presence. Therefore, the use of direc-
tional cues should be carefully considered, weighing their 
potential impact on both FOMO and JOMO. 

• Because presence may decrease upon repeated viewings, 
storytellers should consider that as presence dissipates, the 
viewing experience may evolve and viewers may start to 
attend to other details in the virtual environment. 

• Because the users can also experience presence in 180° video, 
storytellers should consider when a 180° view is sufcient 
to achieve the storytelling goals, considering the increased 
investment of time and efort required to produce 360° video 
vs. 180° videos. 

7 CONCLUSION 
This study examined fear of missing out (FOMO), joy of missing out 
(JOMO), and presence in a 360° video viewing experience. The fnd-
ings show that users experienced FOMO as concern and frustration 
over awareness of parallel events in the 360° sphere and the need to 
choose the FOV at any given moment. The users also experienced 
feelings of joy and excitement (JOMO) about the availability of 
simultaneous events in the spherical view. FOMO did not compro-
mise users’ sense of presence, a key aspect of an immersive video 
viewing experience. FOMO also decreased in the second viewing 
session, indicating that FOMO may not be a fxed feature of a 360° 
video viewing experience. These results indicate a need for further 
research examining FOMO, while also considering JOMO as an 
integral part of immersive experiences. 
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A DATA 
Anonymized summary data and our analysis code are available 
here: https://osf.io/3f9vr/ 

Because movement data can provide identifying information, 
we have provided only the summary measures in our anonymized 
data set. We link to the raw movement data, which is stored at 
the Cornell Restricted Access Data Center (CRADC). Interested 
researchers may request it there; it will be released on submission 
of IRB approval and agreement to destroy data after use and not to 
share it publicly. 

B SURVEY QUESTIONS 

B.1 Experience with Technology 
These questions were administered in the pre-survey, which each 
participant took at the beginning of the experiment session. 

(1) Prior to this study, how many 360° or Cinematic Virtual 
Reality videos have you watched? 
• None 
• 1 
• 2-4 
• 5-10 
• More than 10 

(2) Prior to this study, how many times have you used head-
mounted displays/virtual reality headsets, such as Oculus 
Rift, Samsung Gear VR, Google Cardboard, Google Day-
dream, or HTC Vive? 
• Never 
• Once 
• 2-4 times 
• 5-10 times 
• 11-15 times 
• More than 16 times 

(3) Please answer the following question. (1 - Very difcult 7 -
Very easy) 
• How easy is it for you to learn to use new technologies? 
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(4) Please answer the question below. (1 - Dislike very much 
7 - Like very much) 
• How much do you like learning new technologies? 

(5) How often do you play video games? (not including phone-
based video games) 
• Never 
• Once or twice a year 
• Monthly 
• Weekly 
• Daily 

B.2 Demographic Questions 
The questions were administered in the pre-survey, which each 
participant took in the beginning of the experiment session. 

(1) What is your age? 
• 18 - 24 
• 25 - 34 
• 35 - 44 
• 45 - 54 
• 55 - 64 
• 65 - 74 
• 75 - 84 
• 85 or older 

(2) What is your gender? 
• Female 
• Male 
• Other 

(3) Where were you born? 
• United States 
• Somewhere else, where? 

(4) What is your education? Choose based on your highest com-
pleted degree. 
• Less than high school 
• High school graduate 
• Some college 
• 2 year degree 
• 4 year degree (Bachelor’s) 
• Master’s Degree 
• Professional degree 
• Doctorate 

(5) Which of the following categories best describes your em-
ployment status? If you are a postdoctoral scholar, choose 
“Employed full time.” 
• Employed full time 
• Employed part time 
• Unemployed looking for work 
• Unemployed not looking for work 
• Retired 
• Student 
• Disabled 

(6) If you are employed, what describes your position the best? 
If you are not employed, you can skip this question. 
• An employee at someone else’s organization. 
• In a managing position at someone else’s company. 
• Self-employed (freelancer, sole proprietorship). 
• In a managing position at your own company 
• Farming or forestry entrepreneur 

• Postdoctoral scholar 
• Other, what? 

B.3 Spatial and Social Presence and Body 
Ownership 

The following survey questions were administered to measure par-
ticipants’ sense of spatial presence, social presence, and body own-
ership after each of their two viewings the 360° video. The questions 
were identical across the four conditions. 

(1) Please rate the following statements. (1 - Strongly disagree 
7 - Strongly agree) 
• I felt I was present in the places shown in the video. 
• I felt surrounded by the actions in the video. 
• I felt I was sitting in the scene. 
• I felt I could have reached out and touched the items in 
the scene. 

(2) Please rate the following statements. (1 - Strongly disagree 
7 - Strongly agree) 
• I felt I was present with the other people in the video. 
• I felt like the people in the video could see me. 
• I felt I was actually interacting with the other people. 
• I felt that the people were talking to me. 

(3) Please rate the following statements. “The woman” refers to 
the female programmer in the video. (1 - Strongly disagree 
7 - Strongly agree) 
• I felt that the woman was an extension of me. 
• When something happened to the woman in the video, I 
felt like it happened to me. 

• I felt the woman’s body was my body. 
(4) Please rate the following statements. “The man” refers to the 

male CTO in the video. (1 - Strongly disagree 7 - Strongly 
agree) 
• I felt that the man was an extension of me. 
• When something happened to the man in the video, I felt 
like it happened to me. 

• I felt the man’s body was my body. 

B.4 Fear of Missing Out 
The following survey questions were administered to measure par-
ticipants’ fear of missing out (FOMO) after each of the two viewing 
sessions of the 360° video. 

(1) How much do you agree with the following statements? 
(1 - Strongly disagree 7 - Strongly agree) 
• The fear of missing out on parts of the story distracted me 
when watching the video. 

• I felt frustrated because I couldn’t see the both sides of the 
story in full. 

• I was concerned that while I was watching one side, there 
were more important events happening on the other side. 

• I would prefer watching one side of the flm in full at a 
time. 
– If [ I would prefer watching one side of the flm in full 
at a time. ] < 4 
* Why wouldn’t you prefer watching one side of the 
flm in full at a time? 
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Table 4: Side switches in the two viewing sessions in Condi-
tion A (free choice). 

Condition Session 1 Session 2 
Mdn Mean (SD) Mdn Mean (SD) 

A 17 27 (25) 10 16 (19) 

– If [ I would prefer watching one side of the flm in full 
at a time. ] > 4 
* Why would you prefer watching one side of the flm 
in full at a time? 

• I wish I had spent more time watching the other side. 

B.5 Joy of Missing Out 
The following survey questions were administered to measure par-
ticipants’ joy of missing out (JOMO) after each of the two viewing 
sessions of the 360° video in the three switching conditions A, B 
and C. 

(1) How much do you agree with the following statements? 
(1 - Strongly disagree 7 - Strongly agree) 
• It was exciting that the story proceeded on two sides at 
the same time. 

• It was fun to switch the sides while watching the flm. 
• I enjoyed switching between the two perspectives. 
• It was exciting that the story proceeded on two sides at 
the same time. 
– If [It was exciting that the story proceeded on two sides 
simultaneously.] > 4 
* Why was it exciting that the story proceeded on two 
sides simultaneously? 

– If [ It was exciting that the story proceeded on two sides 
simultaneously. ] < 4 
* Why wasn’t it exciting that the story proceeded on 
two sides simultaneously? 

B.6 Open-ended Questions about FOMO, JOMO 
and User-experience 

The following open-ended questions were administered to further 
understand participants’ FOMO, JOMO, and User-experience. 

(1) Please describe how it felt to feel distracted. 
(2) Why wouldn’t you prefer watching one side of the flm in 

full at a time? 
(3) Why would you prefer watching one side of the flm in full 

at a time? 
(4) Why was it difcult to choose which side to watch? 

CHI ’21, May 8–13, 2021, Yokohama, Japan 

Table 5: Rotational speed in the two viewing sessions in all 
the conditions. The units are degrees per second. 

Condition Session 1 Session 2 
Mdn Mean (SD) Mdn Mean (SD) 

A 
B 
C 
D 

18.2 
13.9 
11.7 
11.8 

21.1 (11.0) 
14.2 (3.5) 
12.8 (4.9) 
11.8 (4.3) 

15.5 
14.0 
10.2 
12.2 

16.1 (8.1) 
13.8 (2.5) 
11.8 (4.2) 
12.1 (4.6) 

(5) Why was it easy to choose which side to watch? 
(6) How did it feel to rewatch the video? 
(7) Why didn’t you have fun watching the video? 
(8) Why did you have fun watching the video? 

C ROTATIONAL DATA 

C.1 Side Switches. 
In the frst viewing session in the free choice (A) condition, the 
number of times the participants switched sides varied from 3 to 84 
(median 17, mean 27, SD 25). The majority of the participants (55%, 
n=17). made 3-20 switches. In the second viewing session in the free 
choice condition, the average number of side switches decreased to 
(median 10, mean 16, SD 19), as shown in Table 4. We also observed 
a pattern in which the participants would watch parts of the flm 
in the second session that they had missed in the frst, as shown in 
Figure 2. 

C.2 Side Ratios. 
The (female) side ratio is the ratio of the total time spent on the 
female side compared to the total time spent on any side of the 
video. For example, if the user spent 7 minutes of the 10 minute 
video on the female’s side and 3 minutes on the male’s side, the side 
ratio is 0.7. In the frst viewing session of the free choice condition, 
71% of the participants spent more time on the female side. In the 
second viewing session of the free choice condition, the percentage 
dropped slightly to 68%. 

C.3 Rotational Speed. 
The rotational speed in a HMD shows how fast the user moves their 
head in the HMD when watching the video. The units are degrees 
per second. Given the user’s initial yaw and pitch λ1, ϕ1, fnal yaw 
and pitch λ2, ϕ2, and the time it takes to move from the initial angle 
to the fnal angle ∆t , the rotational speed is calculated by dividing 
the central angle by time, that is, arccos(sin ϕ1 · sin ϕ2 + cos ϕ1 · 
cos ϕ2 · cos(λ1 − λ2))/∆t . The data is shown in Table 5. 
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Figure 2: An example participant in Condition A (free choice) who in the second round watched parts of the flm they missed 
in the frst round. 
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