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player moving around in the real world. This could further improve the player
spectator relationship.

5.1.8 Discussion on the prototype development

Several key design choices were made during the development process. One of the
decisions that caused the most discussion was the level of control the acting player
should have over the spectator. The acting player can currently pick up and place
the 3D spectator, but the spectator can break free of this at any time. The goal was
to make the spectating modes independent in a way that the acting player could
focus on playing, and the spectator could focus on spectating. This is especially
important if the system is scaled up to more than a few spectators. The current
prototype has no way for the acting player to control the VR spectator, except
moving the red cameras.

A few of the participants reported missing the flying controls from 3D in the
VR spectating mode. It was a key choice to not include this feature due to the
restrictions of VR. Moving the VR player around without them moving in the real
world is not a feasible option, except for teleporting. This is due to the VR/motion
sickness it causes when the VR character moves while the real person stays still.
Teleporting works as it is instant with no travel time. Having a movement setup
like in non-VR games using wasd is technically possible, but would cause severe
motion/VR sickness in several participants.

47





Virtual Reality Spectating

6 Results

6.1 The Gathering 2017

The first structured user testing sessions was conducted at The Gathering (TG) in
Easter of 2017. The Gathering is Norway’s biggest computer party where games
and creators meet to play and collaborate on games. This was a perfect oppor-
tunity to conduct some qualitative testing and gather critical feedback for later
development and testing.

Simon MC Callum on behalf of NTNU i Gjøvik rented a booth for showing of
the virtual reality spectating system, as well as recruiting for the school. The setup
was initially limited to only one HTC vive, but several other booths joined in later.
A total of 4 systems where linked at one point. This helped to stress test the sys-
tem and giving new feedback from user that have not tried the spectating systems
earlier. One video game streamer from Komplett.no and one TV/film student from
Lillehammer provided additional feedback. The testing process resembled a focus
group. No questioners where handed out, but key points in the discussions was
written down.

The feedback was great. Every participant reported having a good experience
with the VR spectating prototype. The streamer and TV student provided additional
feedback and potential practical applications for future use. The TV student lead
the discussion on turning the prototype into a virtual production room, or a virtual
theater/TV set. Each camera could output independently to either a stream or a
file for instant or later use. Other suggestions included adding a key-frame system
as well as more camera controls. This, as suggested, could work by allowing to
program the cameras position during the scene as well as other parameters for
it like the field of view (FoV). One challenge discussed was the computational
resources required for capturing on all cameras all the time. This was suggested to
be solved by either scaling up with a more powerful computer, or outwards with
more computers.

Bother of the main testers (TV student and streamer) reported similar poten-
tials and challenges, but the streamer saw a bigger potential within video game
streaming. He had earlier attempted to stream himself playing a VR game, with
little success. His earlier attempts at VR steaming was sub optimal and he quickly
switched back to non-VR gaming. He reported waiting to use the spectating system
developed for this thesis as he saw potential for it in his streaming career. The im-
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mersion and enjoyment factor was higher than with his last, unsuccessful attempt.
He was later asked to further comment/elaborate over email, but never responded.

The entire testing session was a success with both positive and constructive
feedback by participants. The ease of use was cited by several as their favorite key
feature as many other similar projects do not take usability in to consideration and
they making any attempt at testing the experience/project harder.

6.2 Mini teleporting experiment

Figure 27: Main results for TP experiment

Only a small number of people participated (n = 5), but the results helped to
pinpoint one mode to be superior to the other. This was backed up by qualitative
data from the gathering and other testing sessions. The results showed a clear
indications that participants preferred the ability to teleport anywhere, as seen in
figure 27. This result was used to calibrate the main experiment and allow all VR
based spectators to teleport anywhere.

The participants reported an average interest for VR of 6.4 out of 7. The average
enjoyment for the experience was 8.8 out of 10, and the average level of presence
in the virtual world was 5.6 out of 7.

One participant commented on how both systems for traversal complemented
each other and helped to give the player more control over where they could go.
Manuel teleporting was also reported to be helpful for participants in smaller VR
room as they could not physically move to all the relevant cameras in the start
room.

6.3 Main experiment comparing all three

The main experiment had 24 participants. Males accounted for 83 percent of partic-
ipants. 66.7 percent of participants where in the age range 21-26, and with some
above 30. The main hypothesizes (H1 and H3) where confirmed by this experi-
ment. They supported that VR based spectating for this particular setup is superior
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Figure 28: Preferred spectating mode

to both mirrored view and 3D based spectating, as seen in figure 28. H2 (3D >
mirror) is not entirely confirmed by the study as only 58.3 percent reported mirror
as the worst with 33 percent reporting 3D as the worst, as seen in figure 29. The
mode and the mean for the experience rated on a scale from 1 to 10 had a value of
7 for both.

Figure 29: Worst spectating mode

Three key questions focused on the freedom of movement for spectators. The
post 3D survey asked participants if they wanted more freedom of movement in
the world, and the post VR survey asked if they felt a lack of control, and if they
wanted freedom of movement in the world. The first question for post 3D can be
seen in figure 30). The results for post VR lack of freedom of movement 31, and
the results for level of control for VR in figure 32. One last related question focus
on how much the participants liked the pre placement positions of the VR cameras,
as seen in figure 33.

Each of the more general questions related to interest in VR, overall enjoyment
of the experience and level of concentration of the action are listed below in tables.
For each question, there is the calculated Median, and quartile 25 and 75 for the
question.
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Figure 30: Lack of freedom of movement for 3D

Figure 31: Lack of freedom of movement for VR

6.3.1 Within subjects evaluation

Each of the three modes was followed by three questions that also was presented
after each of the other questions. They were related to enjoyment of the experi-
ence, quality of the spectating mode and immersion in the virtual world. Each data
point is independently interesting, but the core evaluation can be extracted when
compared up against each other for each participant. Looking at how much each
participant changed their opinion when going from one mode to the next. The first
table below compares answers related to the enjoyment of the activity for each
mode. The ttest results, even if inaccurate are also included. The better choice,

How interested are you in virtual reality (1-7)?
Median 6

Quartile 25 5
Quartile 75 6

Table 1: From pre questioneer
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Figure 32: Lack of control VR

Figure 33: Camera placements preference

Wilcoxon signed-rank test are right after the ttest
The next table compares quality of the given spectating mode for all the three

modes.
The third table below compares the presence reported by the participants for

each mode.

6.3.2 Test order results

Participants were divided into two groups to determine if order have any effect.
The tables/images below compares each of the two groups for enjoyment (figure
34), presence (figure 35), and quality (figure 36). Each of the two groups had the
same questioner administered, but the last two modes where switched between

How enjoyable was the overall experience (1-10)?
Median 7

Quartile 25 5.75
Quartile 75 8
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Did you experience that the action was concentrated in specific places (1-7)?
Median 4

Quartile 25 4
Quartile 75 5.25

3D <- Mirror VR <- Mirror VR <- 3D
sum positive 7 28 35
sum negative -16 -4 -2
count positive 6 17 21
count neutral 7 3 2
count negative 11 4 1

ttest 0.13 0.0006 0.000002
Wilcoxon 0.10 < P < 0.20 0.001 < P < 0.005 P < 0.001

3D <- Mirror VR <- Mirror VR <- 3D
sum positive 9 30 30
sum negative -10 -3 -2
count positive 7 18 17
count neutral 9 3 6
count negative 8 3 1

ttest 0.85 0.00008 0.00008
Wilcoxon P > 0.2 P < 0.001 P < 0.001

3D <- Mirror VR <- Mirror VR <- 3D
sum positive 16 89 83
sum negative -10 0 0
count positive 11 23 24
count neutral 8 1 0
count negative 5 0 0

ttest 0.407 0 0
Wilcoxon P > 0.2 P < 0.001 P < 0.0011
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the groups (Group 1 had Mirror, 3D and then VR. Group 2 had mirror, VR and
then 3D). The figures show the difference between results as a within subject’s
evaluation. The sums represent the total change reported for each group, and this
is further broken down into sum positive and negative for each group. The last two
rows summarize the absolute value for negative and positive change for a group.

Figure 34: Order comparison for enjoyment

Figure 35: Order comparison for presence

Figure 36: Order comparison for quality

Using the ttest for comparing the groups is not entirely statistically valid, but
is included below in table 2 for reference and comparison. The ttest is calculated
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ttest for each group Enjoiment Quality Presence
Mirror 0.0054 0.012 0.13

3D 0.65 0.61 0.55
VR 0.85 0.74 0.49

Table 2: TTest between groups

Wilcoxon for each group Enjoyment Quality Presence
Mirror P < 0.001 0.02 < P < 0.05 0.10 < P < 0.20

3D P > 0.2 P > 0.2 P > 0.2
VR P > 0.2 P > 0.2 P > 0.29

Table 3: Wilcoxon test between groups

between the two groups answers. Higher values indicate more similar groups, and
thus reducing impact of order.

The following table 3 includes the Wilcoxon signed-rank test P values for each
group as the last table.

6.3.3 Qualitative results

3D, VR and post survey had comment fields where participants could report any-
thing not covered by the actual questions. The amount of comment where high with
around 40-50 percent of participants commenting in one or more of the fields. The
first comment/short answer was after the 3D mode where participants were asked
"Any comments on the 3D spectating mode?" A total of 12 responses was recorder.
The general consensus was how many of the spectators felt that the passive mode
was too passive and wanted more control. Many suggested to add a wasd inter-
face for full freedom of movement allowing the spectator in 3D to move where
they wanted at any time, compared to the actual automatic mode they used in the
experiment. Some of the rarer comments focused on lack of polish for the modes
with sub optimal transitions and frames per second (FPS).

The post VR survey had a similar open ended comment/short answer with the
title; "Any comments on the VR spectating mode?" 12 responses were noted here
as well. The general consensus was on certain elements that reduced immersion,
ideas for how to develop the mode further and on the camera placements. Some
participants reported dizziness (VR sickness) in the 20x larger mode. Others re-
ported on the screen door effect and a low resolution. Others reported on a lack
of control and wanted the ability to move wherever they wanted. A few mentions
that it was hard to follow gameplay when the acting player teleported around a
lot.
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The post experiment questionnaire had two comment/short answers with the
first being; "Anything you felt was missing from the 3D or VR based spectating
mode?". A total of 10 responses was registered and the focus for 3D improvements
was once again on the lack of full freedom of movement using a wasd + mouse
movement setup. The improvements suggested for VR focused on camera place-
ment adjustments and on a lack of a tutorial. Several players reported struggling
to remember the controls for VR. The next and final comment/short answer was
titled "Any last comments?" with a total of 7 responses. The responses focused on
general game polish and feedback, but it was in general positive.

6.4 Second experiment with free movement for 3D

Figure 37: Preferred mode for second experiment

The second main experiment had two main differences from the first. The first
was that the 3D move was changed from and passive/automatic mode into a fully
active mode where they could move anywhere. The second part was that mirrored
mode was dropped, as well as some irrelevant questions. A total of 14 participants
participated in the experiment, with was approximately the desired target.

The overall results where similar to the first main experiment with VR based
spectating still being selected as Superior by participants, as seen in Figure 37. The
within subject evaluation still had the highest positive change going from 3D to VR,
but less than in the previous experiment. The Wilcoxon signed rank test returned
a statistically less significant result that last time for quality with 0.05 < P < 0.10
(and ttest of 0.028). The rest of the within subject evaluation results can be found
in Table 4. The three count negative of one was not from the same participant.

6.4.1 Level of freedom of movement

Figure 38, Figure 39, and Figure 40 displays the data from the main experiment
two related to level of freedom of movement reported in the post questioner for
the 3D and VR mode.
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Enjoyment Quality Immersion
sum 14 7 33

sum positive 15 8 36
sum negative -1 -1 -3
count positive 10 7 12
count neutral 3 6 1
count negative 1 1 1

ttest 0.0018 0.028 0.001
Wilcoxon 0.005 < P < 0.01 0.05 < P < 0.10 0.001 < P < 0.005

Table 4: Within subject evaluation for main experiment 2

Figure 38: Response to the 3D mode for freedom of movement, for main experiment 2

6.4.2 Qualitative results

Each of the post spectating mode and overall post questioner had at least one com-
ment/short answer for general feedback. The first one was titled "Any comments
on the 3D spectating mode?" with a total of 7 responses. The feedback focused on
imperfect controls as several reported feeling the controls was a bit "floaty" as the
character did not come to a full stop immediately when the player stopped press-
ing a movement key. Other comments focus on the difficulty of following gameplay
due to the player teleporting around. One participant reported wanting a spectat-
ing mode like the one in the first main experiment.

The post VR comments focused on general feedback for using VR. Some of
the comments expressed a lack of interest for the camera placements as they only
moved around using the manual teleport system. One comment reported how they
felt the game was boring, but at the same time how the spectating system was
great.

The last two short answers in the post survey had little feedback with only
answers 4 for each. The few focused on the still lack of movement freedom for
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Figure 39: Response to the VR mode for freedom of movement, for main experiment 2

Figure 40: Response to need for more freedom of movement for VR mode, in secound main
experiment

both 3D and VR as well as how some lost track of the acting player due to them
teleporting around.

6.5 State of the art for spectating and VR spectating

The results of the survey can be found in related work under 2.11, 2.12, 2.13 and
2.14. The survey resulted in a few relevant papers, but the area of research is
still limited. The papers where supplemented with relevant blogs and news articles
covering the state of the art. Spectating is a new and rapidly growing field which
reflect how important up to date information is.

6.6 VR sales and similar systems

Sales numbers are difficult to gather, but some good estimates have sales for PSVR
on the top with around 900 000 units, vive with around 400 000 and rift last with
around 250 000 [63] [64] [65].
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6.6.1 Console sales numbers

The WiiU sold over 13 million units, but was still considered a failure due to the
lack of games and less than expected sales [66]. The system was a failure due to
several factors including a small games catalog at launch and outdated components
in the console [67]. For comparison, its predecessor the Wii sold over 100 million
units. The PlayStation 4 have sold around 50 to 58 million units [68], [69].

6.6.2 VR on the hype curve

Figure 41: Hype curve 2016

VR is currently in the early parts of the "Slope of enlightenment" according to
the creators of the hype curve[70]. The figure 41 of the hype curve for 2016 shows
the state for the curve in 2016.

6.6.3 Next generation of VR

Valve have stated in a interview that a new generation of the HTC vie VR system is
under development [71]. The new system will include improvements to the display,
lighthouses, tracking, and more.
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7 Discussion

7.1 Experiments discussion

7.1.1 The Gathering 2017

The prototype user evaluation and qualitative study at the Gathering proved sev-
eral key insights into VR spectating, and further development of the prototype.
The open discussions regarding the prototype (from 6.1) helped to form the final
weeks of the development process. The Gathering (TG) was a good place to collect
feedback on the prototype, and future experiments. It is one of the worlds largest
gatherings of gamers, spectators, and streamers. All the target users of VR spectat-
ing are present at this event. The participants who were testing and evaluating the
prototype was from a wide background including streamers, content acquisitions,
gamers, teachers and spectators. However, there was some challenges, as most par-
ticipants only had a limited time to evaluate the prototype and provide feedback.
The experiment was also conducted on the last day of the event causing some of
the participants to be tired, and low on energy.

Implications on development

The feedback helped to shape the last weeks of development, even if the impact
was not significant. Only minor changes were implemented, mostly quality of life
improvements, like small changes to objects positions and controls. However, the
feedback helped to motivate for the experiments as the main theory of VRs su-
periority was repeatedly expressed at TG. The clear majority of the participants
preferred VR at the event. A few changes to the experiments was done due to feed-
back in the event, including adding a few more streaming and spectating related
questions in the pretest.

The testing at TG also worked as a stress test of the system, as 5 HTC vive sys-
tems were linked at one time. The prototype had no difficulties performing under
this train, and proved that the VR prototype was ready for large scale testing.

7.1.2 Mini teleporting experiment

The mini teleportation experiment was intended as a short study on the prefer-
ence of players over manual teleporting or not. It was conducted as a quantita-
tive/qualitative hybrid. The statistical power of the results is low due to the low
participant number, but the general consensus among the participants in the post
discussion was that having both systems were the best option, as they comple-
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ment each other well. The two systems for moving, as the VR spectator, involves
picking up preview cubes (and returning back), and manually teleporting around.
The camera helps to give the player key areas to move this, while they can adjust
by manually teleporting, or just positioning himself wherever they want. Spectat-
ing in VR needs to capitalize on the possibilities provided by the extra immersion.
Reducing and restricting the spectators movement options is not a good option.

The experiment also helped to prepare for the two main experiment, as feed-
back from this experience was used to improve the prototype in the last few days
before the main experiments started. The mini teleportation experiment did not
have any time limit on the participants, as one of the goals was to test engagement
over time. Several participants played around for more than twice of the expected
time span of 5 minutes. This helps to show how engaging the prototype was for
the participants, but it could also be due to the novelty factor of VR. Only 12 to
20 percent of participants reported using VR more than a few times earlier, which
was similar across all the experiments. VR has a high level of novelty, which could
help to influence results in a positive manner, as the excitement for VR affects their
interest in the prototype. This not a good confounding variable, as it reduces both
validity and reproducible while at the same time makes it harder to assess the long-
term impact and usage of a certain VR product/prototype. Novelty fades over time,
and the same might be true for this VR spectating system. The goal was never to
study and evaluate the long-term impact and usage of VR spectating, but it is still
relevant in further research.

7.1.3 Main experiment comparing all three modes

The goal for the main experiment was to determine the preference by partici-
pants between the three different spectating systems; mirroring, 3D and VR. The
key question at the end of the experiment asked participants to select their fa-
vorite mode, and least favorite mode, thus creating a ranked order. This preference
showed a clear indication that the VR spectating mode was the superior spectat-
ing system with 83.3%. This supported H1(VR > mirror) and H3(VR > 3D). On
the other side of the spectrum there was not as clear of a consensus for the worst
spectating mode. Mirroring had the majority, but only at 58.3% which makes it
harder to definitively confirm H2 (3D > mirror). This is also because the follow up
experiment excluded mirror. No correlations were found to support H4 (VR vs 3D
depend on user preference for consuming passive media)

Participants reported a preference for 3D over mirror in the post questioner, but
the between subject evaluation for quality immersion and enjoyment did not have
a statistically significant answer. The P value between mirroring and 3D mode for
the quality of spectating mode was as high as 0.86 for test, and P > 0.2 for the
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Wilcoxon signed-rank test. Both immersion and enjoyment had P values above 0.1
for both tests and Wilcoxon. This makes it a challenge to declare 3D as superior
to mirror for this experiment. A future follow up experiment should evaluate if the
changes to 3D mode for experiment 2 had any significant impact on H2.

Novelty was an important factor in this experiment. Only 12.5 percent of par-
ticipants reported having played VR more than a few times. This combined with
the very high interest for VR with a median of 6 out of 7 creates an environ-
ment/experiment where the novelty of VR, and general high interest, positively
affects the results in favor of the VR mode. The results would probably be less sig-
nificant for VR if the same experiment was conducted after a few years, since so
few have still to experience VR. A few participants even reported on this as they
tried the VR spectating mode. They were astounded by how immersive VR was,
even if they might not like the actual spectating system in the long term. It was not
only VR that was affected by the novelty factor. The 3D mode, and mirrored mode
was potentially affected as 20 percent of participants had never watched someone
play in VR before. This is far less than the 87.5 for VR, but is still high enough
to potentially affect the results. Controlling for VR novelty on just 24 participants
were hard, and potential further studies could evaluate both the effect of novelty
on VR, and redo the study when VR have reached higher adoption levels.

Game understanding and playing habbits

All participants understood what the game was about. A single question in the
post questionnaire presented them with a range of plausible answers to the goal of
the game, and all participants manage to answer this question correctly. This was
added as a part of evaluating RQ 3 to evaluate what effect the spectating mode
had on understanding. A flaw in the experiment design prevented the gathering
of relevant insight on the problem. The question should have been duplicated and
added in the post questionnaire for each mode to detect if some modes made it eas-
ier to understand. However, qualitative data during the experiment indicate that
VR spectators might have more of a difficulty due to the novelty. Most participants
needed a few minutes in VR before they could start spectating as they learned the
controls and got over the initial immersive surprise. 3D and mirror might be faster
initially as most participants already were familiar with these modes and adjusted
quickly to both the mode and its controls. This initial disadvantage could easily
change in the favor of VR after some time due to the extra level of immersion.
Watching a VR game on a non-VR device removes a dimension, being there in the
same world equalizes this equation. There are other reasons as well including the
fact that VR have a higher field of view compared to non-VR which enables the
spectator to take in more of the world visually at any given time. VR potentially
allows the spectator to view more of the world at any given time. Compared to mir-
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ror, VR have the advantage of allowing the spectator move and position themselves
where ever they want. Mirroring spectating are restricted to the player’s viewpoint.
However, this helps the spectators to see what the player are seeing, but they could
lose track of the game happening around the player. For the high level of play in es-
ports this is a significant challenge, especially for chaotic games. The player usually
understands the game better than spectators as the freedom of VR enables them
to explore the game at their own phase, while being able to focus on what they
find important. The acting player might be preoccupied with shooting at a single
enemy while a larger play is happening somewhere else. The 3D and VR specta-
tor can watch this larger play, but the mirrored spectator cannot as they have no
control. However, this is a two-sided problem as the active spectator (in VR) could
miss out on key play sequences happening. This problem is reduced in the proto-
type as the VR spectator can watch a third, or first person camera of the acting
player at any time. Further development could solve this problem by allowing the
VR spectator to interact with time. This would only be possible in a recording.

Weaknesses of the experiment

The feedback from the 3D mode was generally agreeing on that the lack of active
controls for spectating (using wasd + mouse) was a problem. This is understand-
able as spectator’s preference may differ with some preferring a more automatic,
and passive mode, while other preferring a more manually controlled, and active
mode. This choice of only having passive 3D spectating for the experiment could
have potentially polluted the results and decreased the potential for the 3D mode.
It would be incorrect to conclude that VR was superior to 3D without testing for
this much-requested mode change. This is the primary reason a smaller secondary
study was conducted. The main goal was to switch the 3D move from passive to
active and evaluate it against the VR mode (without changing the VR mode in any
way, from the first experiment). The mirrored mode, and a few questions were
removed due to time constraints. This was before the data was analyzed to the
point that proof was found that there was no statistically significant difference be-
tween mirror and 3D. 3D might have been superior to mirror in the follow up study,
but time constraints prevented the testing for this. However, the quality, immersion
and enjoyment values could be compared between experiments due to their similar
setup. This would no longer be a between subject evaluation, and a conclusion is
harder to draw. A further discussion on this can be found in the second experiment
discussion.

The experiment only had 16.7 percent women. This means the gender is severely
under represented and any gender difference is hard to statistically detect and eval-
uate.
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Assessing impact of order

The participants were divided into two groups with one key difference. Both started
by watching mirrored mode, but then split into two different orders where the first
group saw 3D, then VR and the second group first saw VR, then 3D. The results for
3D and VR (which was subjected to a different order) all had P values above 0.2
showing a statistically insignificant difference between the groups. The supported
orders did not affect the results for 3D and VR. However, the problem is the P
values for mirror. Presence had a statistically insignificant P value, but both quality
and enjoyment had. Enjoyment had the biggest difference with a P value of less
than 0.001 which makes it statistically significant assuming a significance level of
0.05. This is strange as the order was the same for both groups for mirror, the
only difference was their assigned group leader, and the computer they answered
on. This could potentially be caused by participants not entirely understanding the
question and or questionnaire. Assessing quality and enjoyment is hard without
any reference. Evaluating the differences between groups using between subject
evaluation shows no clear trends.

7.1.4 Second experiment with free movement for 3D

The second experiment was conducted to evaluate how user’s preference for the
3D spectating mode would change when it was changed from a passive to an active
mode. This was done by enabling 5DoF (without the roll rotational axis) using a
wasd + mouse control setup. The experiment was a success with the same conclu-
sion as the last experiment. VR based spectating was still superior even with the
changes to 3D spectating mode. However, the differences were less and within sub-
ject evaluation found a statistically less significant result when comparing quality
(0.05 < P < 0.10). This makes it harder to conclusively declare VR as the preferred,
but the P value is still less than 0.01 which still makes is unlikely that the modes
are similar. The last question which asked participants to rate their preferred mode
still had 85.7% reporting they preferred the VR spectating mode. This shows that
the VR spectating mode are superior to mirror from the first experiment, and both
3D spectating modes tested. Spectating someone in VR seems to work best if the
spectator also is in VR, at least for this setup/experiment.

The wasd + mouse 5DoF control setup was designed to increase control for the
3D spectator, but it made it harder for them to follow the action. More control did
not necessarily result in a better experience. This was possible due to several fac-
tors with the most prominent being how much the acting player where teleporting
around. This was repeated by several participants, both in the comments and in ex-
periment feedback 6.4.2. It was easy to lose track of the player as they teleported,
which was not a problem in the passive 3D mode as they would automatically move
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to the new location. This could be easily solved by adding an animation (that only
the 3D spectator sees) which acts as a transition between the locations. This could
also be accomplished by highlighting in any other way where they moved to in a
way that the 3D spectator could easily follow. The control setup was not perfect
as some participants reported the controls being a bit "floaty". This was due to the
spectator not stopping immediately when the movement key was released, they
went on flying a bit while they slowed down slowly. This design choice made it a
bit hard to move around as the spectator did not have pinpoint accuracy over the
3D spectator. Positioning themselves exactly at a position was hard as they had to
factor in the floating effect.

The same question regarding a lack of control was asked in the post 3D spec-
tating mode as with the previous experiment. The results from this question in the
previous experiment formed the basis for this experiment. However, this experi-
ment also had some amount of responses indicating a lack of control in the new
3D active spectating mode (28.6%). This could indicate some participants wanted
a wide range of movement options, like combining the active and passive mode.
This could allow spectators to switch between the automatic and manual mode at
any time depending on what worked best in any given situation. Some spectator fo-
cus game offer further controls for the spectator as well which could be what they
wanted. One example is a location to key mapping feature where the spectator
could capture their position, and return to that location and rotation with the press
of button. This is beneficial for rapid games where the spectator doesn’t have time
to manually fly to all the locations as the game progresses. Other controls could
include quick buttons for jumping to the player, which would be especially useful
if there were more than one acting player. These extra controls would be essential
for spectating any esport game session as those games tend to be fast pace, and a
bit chaotic.

Weaknesses of the experiment

The experiment had a few limitations, of which most were similar the previous
experiment. The first weakness was the complete lack of female participants (n =
0) which significantly reduces the ability to analyze for gender differences in the
data. The second experiment was conducted at school in a male heavy department
which is the main reason for the lack of women. Other problems include the less in-
dependent setup for testing where the experimenter also was the main player. This
reduced the available help for participants and potentially created a more biased
testing session, compared to the last experiment. The experiment had some (28%)
which participated in the previous experiment, but the majority of participants had
not tested the prototype, or participated in any previous experiment prior.

The demographic for this experiment were less diverse than the previous. All
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participants were students at NTNU i Gjøvik, and only from technology based
studies. The results might be different with a different demographic. However,
the previous experiment had a wider demographic with students from both NTNU
i Gjøvik and Lillehammer without any significant difference to the results of this
experiment. Any potential impact seems to be low, but further, larger studies with
wider demographics are needed to properly evaluate this.

7.1.5 Experiment general discussion

All the three experiments provided relevant data and insight into both the proto-
type and users preferences for VR and spectating. The experiments were a success
and conclusively found VR spectating to be the superior mode. However, no sta-
tistically significant difference was found between mirror and 3D which could be
due to several factors including how similar the modes where in the experiment.
Both modes were presented as a passive spectating mode where the only significant
difference was more control over the camera angles in the 3D spectating mode. A
future study should combine both tested 3D modes (the active, and the passive)
and compare it against mirror and VR to see of it changes the content conclusion.
However, there is no data that indicate any reason for 3D to surpass VR spectating
of VR content even with the new 3D mode. The difference between VR and 3D is
currently too high for any small change to influence significantly. However, as more
conclusive conclusion could potentially be drawn regarding mirror vs 3D.

There are no clear correlations to support H4 (VR vs 3D depend on preference
for consuming passive media) in either of the two main experiments. This does not
mean there is no actual correlation, but that the experiment failed to prove any
statistical correlation between user’s preference and preferred mode. Analyzing
this is hard as the clear majority reported VR as the superior mode which makes
the group selecting any other mode too small for any statistical analysis. A future
study could potentially repeat the same experiment, but with several times more
participants to grow this sub group to a reasonable size of at least 15 participants.
Given

x ∗ 0.17 = 15

we could calculate the x (which is the total number of participants, and 17 being
the number that did not select VR as preferred) to be approximately 88 partici-
pants. This mean a repeat experiment should aim for around 90, or more partici-
pants to properly evaluate the group that did not prefer the VR mode.

All the experiments had a portion of the participants requesting more control
over movement. This is understandable as all modes do not provide all the same
controls as some other, similar spectating mode have. A longer development time
could have helped to create these alternative movement options, and refining the
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once already in place. Having responsive and natural controls are critical for move-
ment based experiences and games as this is one of the key ways they specta-
tor/user can interact with the world. Having an improper translation from their
intention to what happens in the virtual world leads to user frustration. The ex-
periments also revealed that many participants wanted better camera placements
for the VR spectator. This could be to several factors including the fact that each
user’s preferences are different and one perfect setup is not possible. This could be
solved over time by allowing spectators to place their cameras where they want
future spectating sessions in the same game. This could work by for example the
spectator spectating their favorite esport team playing a match in overwatch. They
would after a few games begin to understand where the gameplay tends to concen-
trate in the choke points, and they could place the cameras at these locations. The
cameras could also be pre-placed for new spectators in the most popular locations
to give an easy start.

7.1.6 Demographics

One of the RQ (in 1.4) was to evaluate if the demographics of the participants had
any significant impact on the results. However, this was hard to evaluate due to few
women and the majority being in the age range 20 to 29. The core demographics
for both main experiments were therefore males in their twenties. This is not an
optimal sample of the population as both age and gender could have an impact on
the results. Getting a high enough female participation rate was a major challenge
as the experiments was conducted at a school department with few girls in each
class. This is in addition to it being easier to recruit men to the experiment. This
might be due to all the experimenters being male as well, in addition to the com-
plete absence of females at times. Further studies should evaluate if there are any
gender differences to VR spectating.

Approximately 65% of the participants was between 21 and 25 years old. This
is due to the sample size being drawn from a university population where most
students are in that age range. No significant differences were found between the
age groups, but a more diverse range of ages are needed to properly assess this.
There was no significant difference observed due to demographics in either of the
experiments.

7.1.7 Passive vs active preference for spectating

One of the initial RQ and hypothesizes was to determine if there are any difference
between preferred spectating mode based on the participant’s preference for con-
suming active or passive media. Several key questions were included in the pre-test
to evaluate each participant’s preference for spectating and passive vs active media
consumption. However no statistically significant difference was found based on
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the active vs passive media consumption. A range of different spectating prefer-
ence were recorded, but so correlations to preferred mode was discovered. This is
partially due to the high preference for VR, which led to the group not preferring
VR being too small to evaluate statistically. Further studies with more participants
are needed to properly evaluate, but the experiments did not discover any clear
correlations. The experiments ran over just a few minutes for each mode which
might favor the more active approach. The theory is that spectator might have a
high interest for active spectating in the beginning when the novelty factor is high,
but them change their preference more to a passive mode over time. Active spectat-
ing is more demanding, mentally and physically especially as they must stand, and
move with a VR HMD on their head. The benefit of the 3D and mirroring modes,
more passive approach is that it can be used in a more relaxing manner. They
could even be set aside, on for example a secondary screen while the spectator
does something else on the primary screen. This would allow for a more relaxing
spectating experience which might be preferred for some people, especially when
they are tired after a long day.

7.1.8 Validity

The experiments have some challenges related to validity. The systems were self-
developed, as no similar solution for VR spectating were available at the start of the
project. However, this does not necessarily reduce the validity significantly due to a
range of key factors. The mirroring mode was not altered in any way, which makes
it identical to the mirroring mode provided by other VR games and programs, as it
is just an exact mirror/copy of what is being projected inside the HMD. This makes
the validity for the mirror higher, and works as an anchor for the other modes.
The 3D mode was developed using standard practices for 3D based spectating. The
mode used in the last experiment was a 5DoF setup, which is found in all games
that allow for free spectating of the game. The other "modes" for the 3D spectating
system included, among other, a third person camera and an overview camera
which is found in many other spectator games. The validity is not as high as for
mirroring, due to the development bias, but is still within acceptable levels due to
how common practices were followed during its development. The VR mode was
developed in an exploratory process, as no similar VR spectating system existed at
the start of the project. Development focused on first discovering new features, and
then maximizing their potential with rigorous user testing and evaluation during
the development process. No claims are made to signal that the VR mode are the
only acceptable way for spectating using VR, but provides one example of how
this could be accomplished. The results indicating VR to be the superior mode are
only strictly valid within the confines of this project, and any generalization to VR
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in general needs to be done cautiously. The validity might be sufficient to prove
VR spectating to be the superior mode for spectating VR content outside of this
experiment, but no such conclusive conclusion is drawn on this thesis.

Comparing VR to the other modes with higher validity, and still being superior,
helps to display the preference for VR spectating, while at the same time increasing
its validity. The anchor effect provided by the mirroring mode helps to form a
foundation for VR to be evaluated against mirroring, and provides some validity
for the VR’s superiority. The modes implementation is affected by developer, and
testing bias, but each mode was given an evenly divide in focus, and development
time. There was a bias towards VR during this project, but this effect was minimized
during development and testing. Each mode was given a fair chance during testing
with no mode being allocated more time, effort or interest by the experimenters,
than any other mode. However, the experiments showed a high interest in VR from
the participants, which makes them pre-biased towards VR, possible reducing the
validity slightly. The order of VR and 3D was different for half of the participants
to mitigate some of this bias and other similar aspects.

There is a good indication for the validity of the experiments results, especially
for the main results. A few of the questions could have benefited from a more pre-
cise wording, but the impacts of this problem were minimal, as these questions
were clarified upon request. The validity of the data was high regarding assessing
which mode was ranked the best, as the participants were directly asked to select
their preferred and disfavored mode. These data were also backed up by indepen-
dent numerical values regarding quality enjoyment and immersion for each of the
modes. These results were then statistically evaluated, both using Wilcoxon signed
rank test and the repeated measurement experiment, to further improve the valid-
ity of the data. Furthermore, most of the key questions related to the ranking of
the modes were taken from earlier research with proven methodologies. Although
some of the questions outside the focus for the experiment (like the one related to
spectating habits) had a reduced validity as they were not repeatedly asked, and
had less well proved formulations.

7.2 Discussion on causes and consequences of the results

7.2.1 VR superiority

Both main experiments proved consistent results and support for the VR spectat-
ing mode in the prototype being superior to all the other modes, in all metrics
tested. Having such a conclusive conclusion has little value without understand-
ing the reasons behind the results. There are many plausible reasons for the VR
modes superiority in the experiments. On of the core reasons are the similar level
of immersion for both player and spectator. Both the active player and the preferred
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spectating mode are in VR, on the same level of immersion. Spectating using the 3D
mode reduces the immersion experience by the spectator, which could be critical
for the game immersion, and understanding. There are more concrete examples of
this reduced level of immersion. One example is how the VR spectator could more
easily asses distance than the 3D spectator, due to the stereoscopy of VR. Other
examples include the increased field of view and more natural control interface.
The VR spectating modes superiority are due to other factors as well, where nov-
elty and VR pre-bias are two important factors. Participants reporting in general
a high interest for VR, while at the same time having little experience with trying
VR. This increases the positive impact of the VR system. However, a high inter-
est for VR could have also reduced the enjoyment for VR if the participants were
disappointed in the experience. This is the same problem as where people antici-
pate new technology to be great, but the actual product are below their anticipated
level. This could be the reason for some of the participants reported favoring the
3D, or mirroring mode over the VR mode. The bias towards VR are a significant
factor in the experiment as well. Participants testing the 3D mode tended to be just
as interested in their current mode as watching the VR spectator. This was in ad-
dition to possibly a few, or more, of the participants initially becoming interested
in joining the experiment due to the presence in VR. Other factors that is in fa-
vor of the VR mode included a more active spectating setup, where the spectator
was more in control of the experience. VR are inherently more immersive than 3D,
which is both proven by earlier research, and by the experiments. The higher field
of view provided by the VR mode helped to give more information to the spectator,
as they could see more of the VR world at any given time.

These factors affected the results for VR, but should not have had a significant
impact on the results. This is due to several reasons, including how participants
that participated in both experiments did not display a reduced interest for the VR
mode going from the first to second main experiment. The group order also helped
to prove the validity of the VR spectating modes superiority, as first showing the
participants either VR or 3D (before the other) did not significantly impact the
results in any way

7.2.2 3D and mirroring inferiority

There are several potential explanations for why the 3D mode are inferior to the
VR mode. The initial 3D mode in the first main experiment was designed and de-
veloped as a passive experience, where the user just selected among four different
automatic spectating modes/angles. This reduced the enjoyment and immersion
for participants that wanted more control, as the majority reported (see 6.4.1).
This was changed for the next experiment, but did not impact what mode was pre-
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ferred in any significant way. However, the divide between 3D and VR was reduced
with the change from passive to active. This proves the change had a positive im-
pact on the mode, but was not enough to move it or change it to the most desired
mode. The mode suffered as it tried to translate the VR experience for the player
into a non-VR interface. This was evident in the reported reduced immersion and
subsequently enjoyment for the mode. The mode also had one less degree of free-
dom (6DoF minus the roll rotational axis), but this should not impact the results
in any significant way. This is due to how little this axis benefits the spectator as
rotation in the roll axis do not inherently increase the experience significantly. The
3D spectating mode was modeled after a similar spectating mode, in which no one
had controls for the roll axis. Limiting this axis was also done for practical reasons,
as a standard computer mouses has no accurate way of tracking the roll axis. The
mouse is only a two-dimensional interface, and roll needs to be handled by other
controls.

Mirror may be inferior due to some of the same reasons as 3D, but to a higher
degree. Mirroring removes all control over the experience from the spectator. This
is good for some experiences as the spectator could be satisfied with seeing the
same as the player, but this is not always the case in VR spectating. The mirroring
mode reduces the field of view for the spectator significantly, as only the center
view for the VR player is shown on the mirrored image. This is due to the higher
field of view of the headset, and higher resolution. Omitting the extra field of view
reduces the quality, immersion and enjoyment for the mirroring spectator.

Only one participant reported favoring the mirror mode in the first main ex-
periment, where three on total favored the 3D mode. No significant difference
between the modes were found, which makes it impossible to draw a conclusion to
one mode as the clearly superior one. This could be due to how similar the modes
were, at least for the first main experiments where both was tested. The 3D mode
was like the mirroring mode in this experiment, as both were passive, and the 3D
mode only had a bit more control for the participant to use. This ultimately lead to
both modes looking similar, and behaving similar. The extra control in 3D was too
little to set them apart.

7.2.3 Implications of the results

The results supported that VR spectating are the superior way of spectating VR
content, at least within the confines of this experiment. Both other modes are valid
options, but a clearly superior mode exists. Spectating someone playing in VR is
best done using VR for the spectator as well. This may imply a relationship between
the level of immersion for both participants. Further studies could evaluate this
relationship by assessing spectating of 3D, non-VR, content using VR spectating.
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Both passive and active 3D spectating mode were evaluated against the VR
mode, with VR surpassing 3D in all the experiments, which indicates that neither a
passive or active approach to the 3D mode has any significant effect on the results,
compared to the VR. Providing both options improves the mode, but will still be
inferior to the VR mode, within the confines of the prototype.

No significant difference was found between the mirroring and 3D spectating
mode, for all metrics collected. This indicates that both modes provide the same
level of enjoyment, immersion and quality. Neither of the modes was a failure, and
they are valid options for spectating VR content if the VR mode is unavailable, or
not preferred for some reason. This helps to validate VR as a spectatable activity as
either mode works.

The VR mode had a range of positive feedback with a substantial amount of
suggestions for further development. The prototype, and the associated research,
could serve as the basis for several related research projects.

The positive feedback loops

VR being the superior way to spectate VR content could lead to a positive feed-
back loop in favor of VR as a platform. The experiment have found support for
the fact that VR spectating is not just good in theory, but provide a clear benefit
compared to more traditional mirroring and 3D based spectating. The possibil-
ity is that VR spectating could bring in new users as they want to experience the
best/ultimate spectating experience, which in turn bring in more users to VR that
play, and stream themselves. This then loops back again with more spectators pur-
chasing a VR system. This loop would be reinforced by the fact that spectating is
a new and important form of advertising, as previously established in 1.3. These
new spectators who just purchased a VR system to spectate would be more will-
ing to purchase some of the best games they spectate. VR games provide a higher
immersion that non- VR games, which is something a significant portion of the
spectators potentially want to experience for them self. This is further reinforced
by the player to developer loop. This is the loop where more users/players lead to
more developers, as the system has more potential customers, which in turn lead
to more users and players as there are more games to play on the system. These
positive loops combined could mean VR spectating is a cornerstone in the future of
VR.

7.2.4 Spectator movement restrictions

One of the key research questions was to evaluate restricting the spectator’s move-
ment to key locations, known as choke points. This was evaluated across all three
experiments with the first small experiment evaluated this relationship for VR,
while experiment two and three evaluated it for VR. The results show a positive
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effect with less restrictions placed on the spectator. The first experiment related
to the VR spectator proved a preference among the participants for more control
over movement. The initial configuration only allowed the VR spectator to move to
pre-defined locations at chokepoints. However, this proved sub optimal as testers
repeatedly requested more freedom of movement, especially by manually teleport-
ing to where ever they wanted to. Some participants still reported a lack of control
even with the addition of full freedom of movement. Only 12.5% felt a lack of
control in the first main experiment for VR, but 41.7% also reported wanting more
"freedom in where you could move in the world" (From one of the questions, see
Appendix) (data can be found in 6.4.1). This could be interpreted as the level of
control was sufficient, but could still be improved on. That the level of freedom
of movement was sufficient for the experience, but still had potential for improve-
ment. Some participants reported struggling slightly with the controls, especially
remembering them which could be one reason behind the relatively high number
of participants reporting wanting more control.

The second main experiment was conducted to evaluate if less restrictions in
the 3D spectating mode caused any significant difference to the preferred spectat-
ing mode. It helped also to evaluate if restricting the mode to pre-defined locations
was a bad practice. The feedback from the first main experiment had 78.3% re-
porting they wanted more freedom in where you could move in the world. This
was reduced to 28.6% percent for the second main experiment (data from 6.4.1).
This displays a significant difference between the passive and active 3D spectating
mode, proving that more freedom of movement if favorable for the spectator.

The experiment support that restricting the spectator’s movement is a bad prac-
tice, and more freedom is generally preferred. Further research is needed to prop-
erly find the right level of freedom for both the 3D and VR mode.

7.3 Discussion on streaming revenue, culture and rule set

7.3.1 Changing rules of the games to the benefit of the spectator

Changing the game in favor of the spectators would potentially help more spec-
tators understand the game and draw bigger crowds of spectators, but could ruin
the core game experience the actual players play for. A game with more players
that spectators should not design for the spectator experience as the lost revenue
and players would be greater due to the lower spectator numbers. However, this
does not mean a game with more spectators than players should be changed com-
pletely to satisfy the spectators. The game rules are there for a reason and changing
just one could upset the balance between the teams. Esport focused games have a
significant number of spectators, but the games are also carefully balanced to pre-
vent dominant strategies. Esport players are at the top of their game and experts
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and finding these dominant strategies and exploiting them. Therefore, improving
the spectator experience needs to be carefully executed to not upset the players
experience. A dominant strategy is a strategy that’s superior no matter what the
opposite player(s) do. Many competitive esport focused games rely on no dom-
inant strategy with no weapon, ability or similar beating all other and having a
counter/block for each of them.

7.3.2 Spectating and revenue

VR spectating has a few key challenges related to revenue for the VR streamers.
There are currently no good solutions for advertising in VR which is one of the key
revenue sources for many spectator focused businesses. This problem is solvable,
and could potentially lead to a new area of advertising as VR makes any advertising
more immersive, which is something any advertisement company strive for. Having
the VR spectator be inside the advertisement could make it exponentially more
effective. Another challenge for VR spectating is the physical straining aspect of the
activity. A streamer streaming for 60 hours while sitting in a chair is far less affected
than a VR streamer standing for 60 hours a week streaming. This could be a limiting
factor for streamers and could lead to them switching between VR streaming and
non-VR based streaming as they need a break. Making any significant amount of
money from VR spectating is currently not possible as no service like twitch exist
for VR spectating yet, but there is a lot of potential. This is an untapped market
with potential.

7.3.3 Streamers and personality

VR spectating, within the system from the prototype could help to reduce the bar-
rier between streamer/players and spectators as they would exist in the same space
where they could potentially see each other, and interact. Virtual meet-ups could be
arranged by the streamers where thousands of VR spectators could meet with the
streamer in a virtual space. A deeper connection between streamers and spectators
are possible if they are spectating the action within the same level of immersion.
This like what VREAL is attempting to achieve with their system. They are mak-
ing a community and platform around the actual spectating where VR spectators
could jump between streams at they want while interacting with other spectators
and talking to the streamer. VR needs to be utilized to its full potential in order
for it to succeed as they cost of using VR to spectate is higher than non VR based
spectating. This is due to the cost factors as well as their extra effort required to
put on the HMD and walk around with it. A great support community would help
to significantly reduce the cost of using VR.
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7.4 Real world Virtual Reality spectating

This generated 3D virtual world could enable spectators to join the match in pro-
cess as VR spectators with the same (or more) controls and features as in the
prototype. The VR spectator could immerse himself on a new level by position-
ing themselves wherever they want. Maybe run alongside the players when to are
about to make a goal, or stand by the keeper as they deflect the incoming ball. The
choice would be with the spectator This system is technically possible with today’s
technology, but would not be without some challenges. One of the more visual are
the fact that such a 3D reconstruction of the real world could lose some key detail
in the process. A football stadium is large and makes it hard for cameras at either
side to capture the fine details of the players running around. It would be apparent
when standing next to a player as their features could look a bit strange. Another
challenge is the loss of information if all cameras are blocked at some point. An
example of this could be a bunch of players smashing together in the center and
no camera being able to see what is happening between them. More cameras could
help solve this, and adding a overview camera directly above could reduce this
problem further.

It is not only football that could benefit from real world spectating. It might even
be more suited for smaller scale games that do not require a lot of movement, like
volleyball and basketball. They spectator could easily position themselves some-
where close to, or on the field and can watch the entire game without moving.
Spectating real world events in person are limited by the fact that you need to sit
a bit far from the action. VR spectating could allow anyone to be anywhere they
want and bring the game closer than ever.

7.5 Spectating non-Virtual Reality content using Virtual Reality

The focus for this master was on spectating VR content using either VR or not, but
VR spectating of non-VR content could be just as important. A good example of this
is how a VR spectator could join into a non-VR game like Overwatch and stand side
by side with their favorite team as they hold of the enemy team at a choke point.
This could make the game more immersive for the spectators than the player. A
usual counter argument to adding VR to a game not designed for VR focuses on
how the game play is not easy to adapt to VR as VR requires its own type if controls.
One example of this is how many first-person games rely on movement using a
controller or wasd. All this constant movement could easily lead to motion sickness
as the VR player is moved in VR, but not in the real world. However, this is easily
avoided for a VR spectator as they do not need to move as much as the players,
especially at a choke points where action tend to concentrate. The VR spectator
could just position themselves at a key location and observe the action. The giant
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model from the prototype could be used to help the spectator get an overview.
Another alternative is to add a mini-map to one of their hand as the giant mode
can cause VR sickness. Adding such a spectating mode to a competitive game like
Overwatch could only be done for non-live events as the unrestricted VR spectator
could cheat on behalf of their team by ghosting, also known as reporting enemy
position back to their team. Watching a 3D game unfold in VR would enhance
the experience for the spectator and potentially make them more immersed in the
action to the benefit for both parties.

7.6 Projections for the success of Virtual Reality as a platform

7.6.1 Critical mass

Virtual reality as a platform is struggling to reach critical mass due to several
key factors. Critical mass in this context is when the environment becomes self-
sustaining in regards to user and developer adoption. A system, like a VR platform
needs to reach a certain number of units sold to reach it critical mass. This is the
point where new users purchase the system based on an already sufficient number
of games and developers release new games based on an already sufficient num-
ber of player/users. This is critical for the future of VR spectating, and VR as a
platform. VR is unfortunately a fragmented platform currently with several com-
peting solutions like HTC vive, Oculus Rift, and PSVR. The different systems are
too different for one game to work without any modifications on all platforms, and
exclusivity deals are common which restrict a game to one platform. Sales numbers
are difficult to gather, but some good estimates have sales for PSVR on the top with
around 900 000 units, vive with around 400 000 and rift last with around 250 000
(see 6.6). These numbers are still small compared to modern console systems like
the PlayStation 4. The key problem is that any VR title needs to be developed for
VR, and usually just for one of the platforms with caps the sales at the number of
sold systems, and no game will reach 100% of users. The PSVR has a significant
advantage due to number of units sold due to a lower price point, and ease of use
as it just needs a PlayStation 4 and a camera.

VR sales are still increasing, but is insignificant if we compare it to a similar
gaming platform; the Wii U. This is not a perfect comparison, but both are still
video game platforms that require custom designed games for their systems that are
significantly different to the other game systems, like the Xbox and the PlayStation.
The Wii was released after the immense success of its predecessor; the Wii. The Wii
U build upon the previous consoles functionality and design, but never reached
critical mass in terms of users, and games. The system was a failure due to several
factors including a small games catalog at launch and outdated components in the
console. The console sold over 13 million units (see 6.6.1), but was still considered
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a failure due to the lack of games and less than expected sales . For comparison,
its predecessor the wii sold over 100 million units (see 6.6.1). This highlights the
challenge for VR as a platform. With no system, still over a million units it could
easily end up with the same fate as the wiiU with have sold over 13 times more
units than the PSVR. Therefore, more competition is bad for VR. Fragmenting the
already small user base further across many similar, but still significantly different
system does not help at all. Developers will have a hard time deciding to commit
to making VR games with the low user count. A platform need many strong, good
games for users to purchase the system, and developers need many users on a
system in order to make a profit. This is usually solved in new console releases with
first party content which is games developed by the console/system manufacturer.
This is a solution to the system, but HTC vive’s partner Valve have not released any
large triple A game for the platform yet. This could be a sign than they are not
confident in the platforms future. PSVR has an advantage her as it is developed by
Sony what can pay both first and third party developer to make unprofitable games
for the platform to attempt to reach this critical mass of games.

VR spectating is highly dependent on the success of the VR platforms. VR spec-
tating requires both a VR player on a VR system with a VR game, and a VR spectator
on a VR system to work. This limits the available spectators to the number of units
sold, and decreases it further since only a fraction of system users will and can
spectate at any given time. Using the theory of diffusion of innovations we could
estimate that the virtual reality system is starting to pass from innovators to early
adopters as more than hard core enthusiasts are starting to user VR systems. De-
termining the point for critical mass is hard, but it is highly likely further along
on the axis, maybe all the way into early majority. Reaching this point and making
the system self-sufficient is a challenge for both users, system designers and game
developers. Any large term investment into VR spectating is a major risk until this
point is reached, or clearly reachable in the foreseeable future. The future for VR
is uncertain at this point.

Adoption of VR systems is limited by a few factors currently including device
specifications and cost. The current first generation VR devices are still limited by
their sub optimal resolution and tracking. All the devices suffer from resolutions
that makes individual pixels visible to the user, which in turn reduce immersion
in the VR world. However, solving this by increasing screen resolutions is not an
optimal solution as cost of both the device, and a system to run it on is already
high. A computer running the vive or rift needs already to be a high end expensive
computer. Device manufacturers then have two choices; either increase resolution
for better immersion, but also maintaining the high cost, or to not increase the res-
olution and allowing computer graphic cars to catch up to the specifications. This
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is effectively a choice between the innovators and the early adopters. Innovators
are willing to invest in high end systems, and would feel left behind if VR systems
don’t become more powerful. However, early adopters would feel left out if speci-
fications increase beyond what they could invest as not everyone have the money
to purchase a high-end VR computer. Failing to deliver for the innovators pushes
away the most vocal and active user base that have helped to popularize the system
thus far, and they will also be the most vocal opposition to the changes. However,
no system can sustain itself just based in the early innovators, and need the early
majority to work towards reaching the critical mass.

7.6.2 Hype curve

The hype curve is divided into several key groups with their own characteristics.
It has finally started to reach the "Slope of Enlightenment" as of 2016 (see 6.6.2)
with the release of the first consumer level VR generation. Earlier systems, and
prototypes was not designed for the mass market, but in 2016 we saw the first
VR systems for the mainstream users. Per Gartner, the creators of the hype cure
VR have already passed the other phases of the hype curve and are approaching
mainstream adaptation. The major technical challenges of VR have been solved al-
ready, and the only needed improvements currently are incremental improvements
to already existing solutions. One example is how the tracking of the headsets, and
drift, is solved in a satisfactory manner, but these tracking systems still have a po-
tential for improvement. The current generation is advancing rapidly with Valve
already discussing and starting development on the next version of the HTC vive
(see 6.6.3). VR is approached "Plateau of Productivity" acording to the most re-
cent hype curve, with potentially large scale market adoption within one or more
generations of VR systems.

7.6.3 General discussion on the projections

Predicting the conclusive future for VR was not the goal. The intention was to eval-
uate where VR is using well known theories and assessing it current trajectory. VR
still have some challenges left including reaching critical mass, ascending the slope
of enlightenment, and creating a positive user to developer loop. There are large
corporations currently backing VR like HTC, Valve, Facebook/Oculus and Sony.
These companies can promote VR even at a loss for several years as they build a
sustainable user base for VR. Large scale triple A developers cannot invest time
and energy into VR games currently without any large investment from one of the
companies behind a VR platform. This is also known as platform exclusivity deals
where platform holder subsidized development of games to accumulate more high
quality games. This is done to both reach critical mass, and creating the positive
user to developer loop. No VR platform creator should expect to earn money based
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on VR for the next years.
The multitude of different VR systems with slight alterations are suboptimal

for the future of VR. Each of the systems work independently of each other, and
games/programs need to be ported to each system independently. This will lead to
a potentially fragmented market, as is the case with the current console generation
(Xbox one and PlayStation 4) where some games, and user/players only exclusively
exist on one platform. Multiplatform games and programs will need to self-fund the
development process as platform holder only pay for platform locked games and
programs.

VR spectating could be an important part of VR’s success as a platform. It pro-
vides a clear benefit over the alternative modes when spectating VR content. The
challenge would be that VR spectating system could be locked to one platform
due to the exclusivity deals, effectively reducing the content variable for spectat-
ing. With only one large console manufacturer currently developing a VR platform
(Sony) it could end up with Sony outcompeting the competition due to their knowl-
edge from PlayStation, and the money they could use to get system exclusivity
deals.

Reaching a sustainable user base for VR is possible with no major, unsolvable
challenge percent currently. It will take time, risk and large investments from both
the early adopters user base, and form the developers willing to take a change on
this new emerging technology, and platform.

7.7 Future work, and research

7.7.1 The Gathering 2017
Scaling up the prototype

A subject was repeatedly discussed at The Gathering 2017. Scaling the prototype
up from its current max of 7 spectators, to any large-scale implementations of
thousands of spectators are a significant challenge. Finding a solution to these
problems requires further defining what the end goal of the system is. The initial
goal was to make a personal spectating system, as found in many modern computer
games, like for example Overwatch[72] where you can join in on a friends game
as a non-interactive spectator. This mechanism for spectating causes extra strain
on the game server, as each spectator needs to communicate with the main game
server always, to spectate the ongoing gameplay. This would not be a problem
when there are only a few spectators, but will quickly cause problems with a larger
number of spectators than the server can support in players. This can be solved by
having one or more "mirror" servers that act as a middleman between spectators
and the actual game. The theory is to have one server duplicate action happening
on the main server and, then allow spectators to join this mirror server. This is like
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how content delivery networks functions on the Internet. These mirror servers can
grow in a pyramid like structure outwards, or just have one large and powerful
central mirror server. This is possible as all spectators only spectate in an active,
but not interactive manner. No actions caused by the spectator can influence the
game directly. Another similar example of this is live streaming services, like Twitch
where only Twitch communicates with the streamers machine and all spectators
just communicate with Twitch’s servers.

This solution has a major flaw if the game being spectated as a VR spectator
is competitive. Watching a friend play a game can allow the spectator a peek at
what the enemy team is doing. This can cause problems due to illegal informa-
tion sharing from the VR spectator with limitless access to the players, also known
as ghosting. This is of not a problem for single player games, or competitive multi-
player games with no hidden information. Large scale esport events could solve this
by just blocking any external communication for the players when they are play-
ing, but it a problem for more average gamers. This is solved in other spectating
systems like Overwatch’s system by not allowing free movement for the spectator.
They can only watch in first or third person for teammates of the team that they
joined in by. For example, if you friend is playing in team A, you could only join in
as a team A spectator, and only spectate team A players. This is not a good solution
in VR as restricting movement of the VR player is not advisable at all. Preventing,
or force the player to move, could potentially cause VR/motion sickness.

Key frame system

The feedback and ideas by the TV student focused on expanding the prototype by
adding more control over the cameras. The idea is to change the VR spectator into
a VR stream moderator. They would use the cameras to create a continued live
stream, just as real TV stations does for their live streams. They should be able
to que up different cameras and change the position and parameters for cameras
during play, as well as before starting. Only partial solution to this is the key frame
system where each camera could be programmed to change position and orienta-
tion at certain key times during play. Other aspect could be programmed into the
cameras as well including field of view and live filters. The end state would be a
team of two or more people where one is playing, and another, on VR handling live
what camera is being streamed out to the spectators. Another option is output all
the cameras as the same time (in addition to the main moderated stream) to allow
spectators to select their favorite camera.

The challenge of outputting all cameras is related to the computational re-
sources needed to capture high quality video on all the cameras at the same time. It
would quickly require a high end expensive computer just for a few active cameras.
This scaling issue can be solved by scaling vertically, or scaling horizontally. Scaling

81



Virtual Reality Spectating

vertically is achieved by having a computer with more powerful components, and
scaling horizontally is achieved with one extra average computer for each camera.
Solving it by scaling vertically is a good solution for smaller scale setups that only
need a few cameras and do not the space or money to invest in a cluster of comput-
ers. This would work best for small and mostly independent streamers, even if it
would decrease the number of available angles for the spectator. Switching to the
cluster, horizontally based scaling solution would be appropriate when the stream
reaches a certain size and the benefits outweighs the cost. Defining a clear border
between the two is hard, and needs to be done on a case by case basis as each
streamers need are different. Not every streamer would need to have this cluster
in their own studio, but would rent server capacity at for example Amazon Web
Services

AR/AV mode

One suggestion proposed focused on an augmented reality mode for VR spectat-
ing. The term was used incorrectly and the proper term intended was augmented
virtuality which is a far less known. As defined earlier, augmented virtuality(AV) is
the opposite of augmented reality(AR) where AR takes the real world (for example
a camera feed) and adds virtual elements. AV is the opposite where elements from
the real world, like a camera stream is placed inside a virtual world. The sugges-
tion was to replace the VR cameras that recorder inside the virtual world with real
like cameras recording in the real world. This could have a wide range of applica-
tions from entertainment to virtual security stations or camera control rooms for
TV/film production. It would not be possible to move to the camera’s position as
easy any longer, but each of the cameras could be integrated in all the other ways
like hand preview and sticking it to a large screen. This could allow for the same
system as the virtual stream moderator, just for real life content, like for example
a football match. Setting up a control room for a sports event required a lot of ex-
pensive equipment like screens and switching boards. All of this could be done in
VR where adding new screens and controls are free of charge except for the initial
cost of the VR system. This is not an exhaustive list and other applications could be
numerous.

7.7.2 From the main experiment

There were some interesting correlations in the data. All participants that did not
prefer the VR mode had one aspect in common; all of them reported playing video
games each day, or more often. This does not mean all frequent gamers did not
prefer VR, but all that reported not preferring it had that trait in common. It is
a challenge to discover a cause for this correlation especially as only 4 out of 24
people did not prefer VR. Several potential explanations exist. One of the simpler
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are that they randomly had bad experience with the VR prototype for some reason.
They might have experience VR sickness, or the controls could have been confus-
ing. Another far more interesting explanation is that they have a preset preference
for spectating. Some of them reported being interested in esports and this might
mean they spend a significant amount of time spectating other, professional play-
ers. This could mean they prefer watching video game content on services like
twitch where it is like the mirror and 3D mode. They might also be more experi-
enced with spectating and could see effectively past the novelty factory of the VR
spectating system. More data, and experiments are needed to further investigate
this correlation.

Four dimensional control of recordings/playbacks

Transforming the spectator into a four dimensional being is a potential solution
to the problem of maneuvering a recording/playback. This is only possible on a
non-live setting as all the game needs to be accessible for the VR spectator to
travel back and forth in time. This could be implemented in several ways including
giving them the ability to "drag" time by grabbing it, somewhat like big slider and
move it in the direction they want to travel. Other option could be to hold down
a button which changes time based on if they are walking forward, or backward.
The result could be a proficient spectator that are just as able to traverse 3D space
as 4D space, allowing them to replay and skip what they want in the recording.
Developing a system for this is a significant undertaking, but it is possible as some
games and game engines already allow for game session recording, playback and
time dilation. Developing a 4D spectating system could help to increase the value
of VR spectating significantly and draw in more users, helping to reach a more
sustainable user base.

7.7.3 Assessing streamers personalities impact on Virtual Reality specta-
tors

A streamers personality is a key factor in a streamers success, as discussed in 2.14.
There are some streamers that entirely rely on skill, like speed runners. However,
the majority of streamers get their success at least partially from their personality
while streaming. This might be as relevant for VR streaming, or potentially more
important. VR spectators are immersed to a higher level, compared to 3D and
mirroring spectators as they are in VR, in the same virtual world as the player.
This could potentially increase the bond between streamers and their spectators,
make the experience more personal. This is a key area of research as VR spectating
becomes more popular with services like VREAL and silver TV.
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8 Conclusion

8.1 Research questions

The following subsections address each research question (from 1.4) and concludes
on each of them based on previous results, and discussions.

8.1.1 RQ 1, Preferred spectating mode for Virtual Reality content

The primary RQ for this thesis was to evaluate and test how spectating a VR player
was different for mirroring, 3D and VR, as well as which mode was preferred by
participants. The experiment supports that the VR mode was the preferred mode
across all of the experiments and questions. There was no clear preference between
mirroring and 3D.

Several solutions for the first sub RQ 1.1 (Real world VR spectating) has been
discussed. The solutions differ as a factor of the level of virtual reality (as defined in
3.2). 3DoF real world spectating can be achieved with 360 cameras, but any higher
level of VR systems need some form of digital reconstruction of the game/event in
VR, or some form of Augmented Virtuality. The next sub RQ 1.2 (Revenue from
spectating) focused on assessing the current state of revenue for spectating, and its
potential translation to VR spectating. Advertising is one of the critical factors in the
revenue of e-sports and video gaming spectating. This could be just as important
for VR spectating, but no system for VR advertising exist yet. Creating a stable
revenue source for VR streamers is a critical factor in the long-term success for VR
spectating. As part of Sub RQ 1.3 (core elements of a streamers success) there was
found support for competence to be a non-critical factor in a streamers success.
E-sport players and speed runners rely heavily on their in-game competence, but
a more traditional streamer rely more on their personality and ability to captivate
their audience. Not all spectator are interested in the high-level play of e-sport
players, and some want a more relaxing experience with more average streamers.

Scaling up the prototype, as is the focus for sub RQ 1.4 was a challenge with
only a few solutions. The prototype developed supported eight simultaneously
players (or spectator). Scaling this up to support more spectator were discussed,
and resulted in two primary solutions; scaling up, and scaling out. Scaling up in-
volved one large server/computer with better hardware, and scaling out involves
adding more independent computers. Scaling up is a reasonable short term solu-
tion, but scaling out is the only valid solution for truly large scale VR spectating.

The future of VR spectating is depending on the success of VR as a platform.
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This was the research goal for sub RQ 1.5 (critical success factors). Several theories
and relevant methodologies were used to evaluate the projected success of VR as
a platform. VR is still below the critical mass, where user adoption becomes self-
sustaining. It also has a weak user to a developer feedback loop. The platform
creators should help to subsidize the development of VR games until a critical
mass is achieved. VR is not currently a profitable area of business, but it has the
potential of becoming self sustaining, and profitable over the next few years with
the correct investments in both technology, and software/games.

8.1.2 RQ 2, Restricting spectators movement

Restricting the spectators movement did not provide any positive impact on their
game understanding. Most participants reported wanting more freedom of move-
ment in the first VR experiment, where the VR spectating mode did not have manu-
ally teleporting. The clear majority in the second experiment reported they wanted
more control over movement in the 3D mode. This was changed for the last exper-
iment, where only a small portion of participants reported wanting more control.
Participants were on average more satisfied with no restrictions placed on their
movement options for any of the modes.

8.1.3 RQ 3, Spectator game understanding

Several placements models were evaluated and tested during the development pro-
cess. Every participant understood the games based on the spectating modes, thus
making it impossible to promote one model over another. The results were incon-
clusive, but all participants understood the game and its game sequences which is
a partial success.

8.1.4 RQ 4, Technical challenges of implementing Virtual Reality spectat-
ing

It is possible to develop a custom game engine with support for VR to make games
in, but the most beneficial choice for the prototype in this thesis was to use one
of the two already available engines with VR support. The engines used was the
Unreal Engine and Unity 3D. The development process (as described in 5) describes
the development process, and the major challenges. Developing a VR prototype is
a significant challenge as all engine features related to VR are on the cutting edge
of technology.

8.1.5 RQ 5, Whether 3D spectators prefer an active or passive approach

No statistically significant correlation was found between the participants prefer-
ence for one spectating mode, and their preference for active versus passive spec-
tating.
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8.1.6 RQ 6, Demographics and its impact on the results

Only two out of three experiment had any women in them, and the numbers were
below 17% percent for both. The age range among the majority of the participants
was between 20 and 30 years old, which reduced the ability to analyze the results
based on demographics. No statistically significant results were found due to an
over representation of males in their twenties.

8.2 Hypothesizes and null hypothesis

The experiments supported H1 and H3 (VR > mirror and VR > 3D), as the VR spec-
tating mode provided a clear statistically significant benefit over the other modes
in all metrics measured. However, no clear preference was found between the 3D
and mirroring mode, thus finding no support for H2 (3D > mirror). H2 was thus
rejected, while H1 and H3 was confirmed. No conclusive support was found for
H4 (VR versus 3D depend on user preference for consuming passive media), as
no significant correlation was found between VR versus 3D, and no preference for
passive VR versus active spectating. More data is needed, but the hypothesis is not
proven in this thesis.

The null hypothesis 1, and 3 (VR <= mirror, and VR <= 3D) was rejected
as VR was superior to the mirroring and 3D mode in the main experiments. The
second null hypothesis was not rejected as no statistically significant results were
found between mirroring and 3D. The fourth null hypothesis (VR versus 3D has no
dependency on user preference for consuming passive media) was not rejected as
no correlation was found between VR versus 3D, and preference for passive versus
active spectating. Null hypothesis 5 (sample 1 = sample 2) was rejected for the
evaluation between VR and the other modes (mirroring and 3D) as a significant
difference was found using Wilcoxon signed rank test. However, no statistically
significant difference was found between mirroring and 3D. The last null hypoth-
esis, 6 (Group 1 != Group 2) was also rejected as group order had no significant
impact on the results.

8.3 Future work

Future work for this thesis, and its prototype, can be found under 7.7. Spectating
in VR provides a clear benefit over the alternatives, but the technology is still below
critical mass, and a few years away from main stream adoption. VR spectating has
the potential of becoming a driving force behind VR sales, and VR game sales.
Further work, and research, are needed to properly assess each element of VR
spectating, and VR as a platform.
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9 Appendix

9.1 Source code of the prototype

The source code of the prototype can be found at Gitlab at: https://gitlab.com/
JGH153/IVR-Connection14

9.2 Mini TP experiment question

What is your gender?
What is your age?
Have you tried immersive VR before?
How interested are you in virtual reality How enjoyable was the overall experience?
How much did you have a sense of “being there” in the virtual environment?
Did you prefer full freedom of movement using manuel teleporting?
How much did you like the camera placements?
Any comments on the VR spectating mode?
Any last comments?

9.3 Main experiment question

Participant number What is your gender?
What is your age?
Have you tried immersive VR before?
How interested are you in virtual reality How do you prefer to spectate sport/game
events?
Do you prefer to spectate sport/game events alone or with others?
How often do you play video games?
Do you watch video game streamers on twitch or youtube?
If so, do you passively watch, or also actively engage by commenting, discussing
and sharing?
How enjoyable was the acctivity/game you watched?
How was the quality of this paricular spctating mode?
Is this the first time you are seeing a VR game beeing played?
How much did you have a sense of “being there” in the virtual environment?
Which group are you in?
How enjoyable was the acctivity/game you watched?
How much did you have a sense of “being there” in the virtual environment?
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How was the quality of this paricular spctating mode?
Did you want more freedom in where you could move in the world?
Did you preffeer to switch spectating angles/modes, or stick to one?
Any comments on the 3D spectating mode?
Which group are you in?
How enjoyable was the acctivity/game you watched?
How was the quality of this paricular spctating mode?
How much did you have a sense of “being there” in the virtual environment?
Did you feel a lack of control (the ability to move to where you wanted)?
Did you want more freedom in where you could move in the world?
How much did you like the camera placements?
Any comments on the VR spectating mode?
Which group are you in?
How enjoyable was the overall experience?
Which spectating mode did you prefer?
Which spectating mode did you dislike/like the least?
What was the goal of the game?
Did you experience that the action withing the game was consentrated in spesific
places?
Anything you felt was missing from the 3D or VR based spectating mode?
Any last comments?

9.4 Followup experiment question

What is your gender?
What is your age?
Have you tried immersive VR before?
Did you participate in the previous study?
How interested are you in virtual reality How do you prefer to spectate sport/game
events?
Do you prefer to spectate sport/game events alone or with others?
How often do you play video games?
Do you watch video game streamers on twitch or youtube?
If so, do you passively watch, or also actively engage by commenting, discussing
and sharing?
Which group are you in?
How enjoyable was the acctivity/game you watched?
How much did you have a sense of “being there” in the virtual environment?
How was the quality of this paricular spctating mode?
Did you want more freedom in where you could move in the world?
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Any comments on the 3D spectating mode?
Which group are you in?
How enjoyable was the acctivity/game you watched?
How was the quality of this paricular spctating mode?
How much did you have a sense of “being there” in the virtual environment?
Did you feel a lack of control (the ability to move to where you wanted)?
Did you want more freedom in where you could move in the world?
How much did you like the camera placements?
Any comments on the VR spectating mode?
Which group are you in?
How enjoyable was the overall experience?
Which spectating mode did you prefer?
Anything you felt was missing from the 3D or VR based spectating mode?
Any last comments?
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