
1

Paper Info MDA framework (Hunicke et al 2004)

Index Title
Link to the 
paper

Author Year Database Notes Sensation ( Game as sense-pleasure)
Fantasy ( Game as make-
believe)

Narrative  (Game as 
drama)

Challenge ( Game as obstacle course) Fellowship ( Game as social framework)
Discovery (Game as 
uncharted territory)

Expression ( Game as 
self-discovery)

Submission ( Game as 
pastime)

1

Asymmetric interface: User 
interface of asymmetric virtual 
reality for new presence and 
experience

https://www.
mdpi.
com/2073-
8994/12/1/53

Jeong, K. and 
Kim, J. and 
Kim, M. and 
Lee, J. and 
Kim, C.

2020 Scopus

“For calculating the normality for the experience environments, the significance probability (p-value) for the 
HMD and the non-HMD (third and first) was 0.563 and 0.776, respectively, thereby confirming that the null 
hypothesis could not be rejected, and the normal distribution were followed. In the comparison with the case 
where the roles were limited through a fixed viewpoint, a large difference was observed with respect to the 
social interaction. However, when fixed at the first-person or third-person viewpoint, as there is a difference 
of interaction depending on the roles, it cannot be said with certainty that one has more influence than the 
other. Nevertheless, it is confirmed that, by providing various roles to the non-HMD users and accordingly 
expanding their interactions, the social relationship with the HMD users increased, and this had a large effect 
on sharing experiences with HMD users, showing a positive effect on the presence.”
1:45
“It was confirmed that the roles provided to the users and their interactions yielded satisfying experiences in 
the asymmetric VR. In the results of dividing and comparing the specific components, as the non-HMD users 
performed various roles as an observer, assistant, and sometimes participant, and understood and managed 
the overall application, the flow and positive effects were high. However, although the concentration and 
immersion of HMD users were high as they performed actions directly in the immersive environment, 
annoyance and negative factors were also high owing to system factors such as VR motion sickness or 
relatively limited roles. Through a comparison of the questionnaire values via one-way ANOVA, it was 
confirmed that regarding the factors for satisfying experiences, everyone was satisfied with no significant 
difference between the HMD and non-HMD user interfaces. For a detailed experience, however, different 
trends were exhibited depending on the user. First, with respect to the immersion, challenge, and positive 
effect factors, the proposed asymmetric interface was determined to provide identical experience of 
participation as well as immersion. This was done by providing a role along with interaction optimized for the 
experience environment of the user. Moreover, because the proposed application contained entertainment 
elements, it did not trigger any special unpleasantness in the user. However, the users were satisfied with 
the non-HMD user interface because it provided diverse roles based on the multi-viewpoint, and the users 
had the competence or understood the flow of application more intuitively. By contrast, in the survey results 
of the HMD user interface, the negative effect was high with a significant difference because of relatively 
limited roles and the inconvenience arising from the blocked view. Therefore, the survey results confirmed 
that the proposed interface that can overcome the experience limitation of non-HMD users and induce 
immersion could be designed “

First, with respect to the immersion, challenge, and positive
effect factors, the proposed asymmetric interface was determined to provide 
identical experience
of participation as well as immersion.

the asymmetric interfaces classified into HMD and non-HMD users and their 
subsequent experience environments are set up as independent variables, 
while the presence, experience, and social interaction as dependent 
variables.

The progression flow of the application is designed in a structure to 
accomplish the goal by exchanging information between users based on 
different roles.

“For calculating the normality for the experience environments, the 
significance probability (p-value) for the HMD and the non-HMD (third and 
first) was 0.563 and 0.776, respectively, thereby confirming that the null 
hypothesis could not be rejected, and the normal distribution were followed. 
In the comparison with the case where the roles were limited through a fixed 
viewpoint, a large difference was observed with respect to the social 
interaction. However, when fixed at the first-person or third-person 
viewpoint, as there is a difference of interaction depending on the roles, it 
cannot be said with certainty that one has more influence than the other. 
Nevertheless, it is confirmed that, by providing various roles to the non-HMD 
users and accordingly expanding their interactions, the social relationship 
with the HMD users increased, and this had a large effect on sharing 
experiences with HMD users, showing a positive effect on the presence.”

2
Enhancing Communication and 
Awareness in Asymmetric 
Games

https://link.
springer.
com/chapter/10
.1007/978-3-
030-34644-
7_20

Bortolaso, C. 
and Bourdiol, J. 
and Graham, T.
C.N.

2019 Scopus --

"While talking, some tablet players sporadically looked at the VR player even 
though the VR player couldn’t see them. This is a good indicator that the 
tablet player felt the presence of the VR player and felt the need for non-
verbal communication. This hints that while deixis is useful, com- munication 
of the tablet player’s gaze could helpful to indicate specific instances where 
the tablet player is attending to the VR player.”

To better understand communication in asymmetric games involving different 
perspectives and input modalities, we introduce the Our Virtual Home house 
decorating mini-game.

3
Audio source localization as an 
input to virtual reality systems

https://secure.
aes.
org/forum/pubs
/conventions/?
elib=19415

Kerure, A.A. 
and Freeman, 
J.

2018 Scopus

While there was a considerable learning
curve to understand the audio based controls of the
game and the need for movement, most of the feedback
was positive, with people getting excited about the potential
of this technology in the world of audio-based
interactive games and software.
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RoleVR: Multi-experience in 
immersive virtual reality between 
co-located HMD and non-HMD 
users

https://link.
springer.
com/article/10.
1007/s11042-
019-08220-w

Lee, J. and 
Kim, M. and 
Kim, J.

2020 Scopus Stat. diff. Enjoyment when nonHMD as audience OR assistent, but ns. Diff for roleVR — — — Checking social interaction scale. — — —

5
MagicTorch: A context-aware 
projection system for 
asymmetrical VR games

https://dl.acm.
org/doi/pdf/10.
1145/3130859.
3131341

Li, J. and Deng, 
H. and 
Michalatos, P.

2017 Scopus
almost 
duplicate of #11

— — — — — — — —

6

Self-overlapping maze and map 
design for asymmetric 
collaboration in room-scale 
virtual reality for public spaces

https://link.
springer.
com/chapter/10
.1007/978-3-
319-76908-
0_19

Serubugo, S. 
and 
Skantarova, D. 
and Evers, N. 
and Kraus, M.

2018 Scopus

“Two participants said: “I felt part of the experience because she was 
reacting to what I was saying, we worked on it connected”. “

The directions from the non-HMD participants were
also rated as mostly helpful (HQ3: M =3.67).

Non-HMD participants also stated that the map facilitated their
collaboration with the HMD participants (NQ4: M =4.33),

Lastly, a total of 30 spectators were observed in 13 (62%) out of 21 
playthroughs, which shows that the system is
able to asymmetrically involve the co-located people outside VR.

7

Facilitating asymmetric 
collaborative navigation in room-
scale virtual reality for public 
spaces

https://link.
springer.
com/chapter/10
.1007/978-3-
319-76908-0_7

Serubugo, S. 
and 
Skantarova, D. 
and Evers, N. 
and Kraus, M.

2018 Scopus
"Observations showed that participants had an engaging experience with both roles in all conditions and 
nine people said that it was “cool”, one said that “it was not bad to walk around” and that he “never tried to 
control virtual reality before – it was fun”.“

Social aspects not really discussed, but can be inferred from some stat. 
results.

8
Resolving spatial variation and 
allowing spectator participation 
in multiplayer VR

https://dl.acm.
org/doi/pdf/10.
1145/2984751.
2984779

Sra, M. and 
Jain, D. and 
Caetano, A.P. 
and Calvo, A. 
and Hilton, E. 
and Schmandt, 
C.

2016 Scopus
"Reactions were ex- tremely positive and some people turned dodging snowballs into a dance or a 
workout."

-- -- -- -- -- -- --

9

ShareVR: Enabling co-located 
experiences for virtual reality 
between HMD and Non-HMD 
users

https://dl.acm.
org/doi/pdf/10.
1145/3025453.
3025683

Gugenheimer, 
J. and 
Stemasov, E. 
and Frommel, 
J. and Rukzio, 
E.

2017 Scopus

“HMD users reported a significant higher positive experience compared to Non-HMD players (F(1,15)=11.
573, p=0.004, r=0.660). As expected, Non-HMD participants reported significantly higher scores for 
tiredness using ShareVR compared to Baseline (F(1,15)=12.060, p=0.003, r=0.829).”
 “Participants playing with ShareVR (M=7.47, SD=1.01) reported significantly higher valence scores 
compared to Base- line (M=6.95, SD=0.92) (F(1,15)=10.952, p=0.005, r=0.650). Additionally, using an HMD 
led to significantly higher scores for valence than without (F(1,15)=7.213, p=0.017, r=0.570). Furthermore, 
significantly higher scores of arousal were re- ported using ShareVR (M=6.1, SD=1.61) compared to Baseline 
(M=5.36, SD=1.50) (F(1,15)=7.145, p=0.017, r=0.568), as well as for HMD (M=6.01, SD=1.28) compared to 
Non-HMD (M=5.31, SD=1.60) (F(1,15)=8.809, p=0.010, r=0.515).”

“Regarding social interaction, SneakyBoxes led to significantly higher scores 
for the behavioural involvement component of the GEQ social presence 
module compared to BeMyLight (F(1,15)=6.877, p=0.019, r=0.560). 
 In the concluding questionnaire (“I felt engagement with the other using 
{System}”, Likert scale from 1 (= strongly disagree) to 7 (= strongly agree), 
the system significantly affected the reported social engagement (H=26.942, 
p < 0.001). 
 {ShareVR x HMD} was rated significantly more engaging than {Baseline x 
Non-HMD} (U=25.656, p < 0.001) as well as {Baseline x HMD} (U=-24,781, 
p=0.001. Further, ratings show 
 that {ShareVR x Non-HMD} was significantly more socially engaging than 
{Baseline x Non-HMD}, U=22.094, p=0.004) and {Baseline x HMD} (U=-
21.219, p=0.006).”

10
Astaire: A collaborative mixed 
reality dance game for collocated 
players

https://dl.acm.
org/doi/pdf/10.
1145/3311350.
3347152

Zhou, Z. and 
Segura, E.M. 
and Duval, J. 
and John, M. 
and Isbister, K.

2019 Scopus

“Physicality, which the players related to the close proximity, social touch, and nonverbal communication the 
game encour- aged, was a strong factor for high IOS and SAM scores. Seven out of 10 players remarked it 
made Astaire stand out in compar- ison to the other games. They commented on how it increased 
interpersonal relationships. One player commented on how communication of intentionality and 
synchronization was eas- ier with Astaire, resonating with our onsite notes and video analysis”
 

 “When discussing why Astaire was rated higher, 6 out of 10 players mentioned social play. They particularly 
enjoyed the freedom of play styles the game afforded, and the richness of embodied interactions, referring 
to several game design ele- ments beyond the technology that supported their experience, i.e. the 
technology-supported way of playing.”
 

 “For spectators, the player outside VR was essential; it was one of the main reasons behind their enjoyment 
of Astaire, and their higher scores. Three out of 5 spectators mentioned feeling very close to VRout, and 
being able to enjoy and even participate in the game on a similar level to VRout. At the end of one test, a 
spectator made remark to VRout: "It was really funny when you guys were late in grabbing that one point 
and you were trying to rush left while I was screaming for you to get the one on the right and [VRin] got really 
confused.””
 

 “Leveraging touch was very relevant for several reasons: first, touch is a less predominant sense for VRin 
players compared to sight and sound. Then, it provided VRout players with a plane to operate on to 
differentiate their roles in a meaningful manner. It also supported interesting and nuanced forms of 
communication.”

“Physicality, which the players related to the close proximity, social touch, 
and nonverbal communication the game encour- aged, was a strong factor 
for high IOS and SAM scores. Seven out of 10 players remarked it made 
Astaire stand out in compar- ison to the other games. They commented on 
how it increased interpersonal relationships. One player commented on how 
communication of intentionality and synchronization was eas- ier with 
Astaire, resonating with our onsite notes and video analysis”
 

 “Balance also emerged as a key element for the players enjoy- ment of the 
Astaire and their ratings. Four out of 10 players mentioned feeling they had 
had equal responsibilities in the game, which they greatly appreciated. They 
reasoned feeling like equals positively affected their view of their 
interpersonal relationship afterwards. Players particularly liked the form of 
"give and take" interaction style between them, mentioning it felt like a dance 
as well”
 

 “We were surprised by the importance and impact of VRout players for the 
spectator experience. Spectators mentioned VRout was a noticeable 
contributor to their enjoyment and interpersonal feelings. We reason this is 
due to how VRout is fully and sensorially present in the physical world and 
reality of the spectator. This enabled VRout to make the most of social 
affordances that not accessible for VRin, like mutual awareness, and social 
signalling. Our empirical data showed how VRout and spectators exchanged 
looks and facial gestures, which was used for expressive and performative 
purposes. Additionally, VRout was more sensorially available to receive cues 
and feedback from the spectator, which made them feel closer and very 
participative.”

11

CatEscape: An asymmetrical 
multiplatform game connecting 
virtual, augmented and physical 
world

https://dl.acm.
org/doi/pdf/10.
1145/3130859.
3130860

Li, J. and Deng, 
H. and 
Michalatos, P.

2017 Scopus

refer to #5 
(almost 
duplicate 
thereof)

12
GalVR: A novel collaboration 
interface using GVS

https://dl.acm.
org/doi/pdf/10.
1145/3139131.
3141219

Sra, M. and Xu, 
X. and Maes, P.

2017 Scopus --

Our pilot shows that our interface worked successfully
and participants were able to cooperate using GVS and arrive at the
target each time.

In the study,
trust emerged as a important constituent of gameplay. Œe VP had
to occasionally give up control over where they wanted to walk,
and trust that the NVP was steering them correctly.

13

A Demonstration of ShareVR: 
Co-Located Experiences for 
Virtual Reality between HMD and 
Non-HMD Users

https://www.
uni-ulm.
de/fileadmin/we
bsite_uni_ulm/i
ui.inst.
100/institut/Pap
ers/Prof_Rukzio
/2018/IEEEVR_
DemoShareVR.
pdf

https:
//ieeexplore.
ieee.
org/abstract/do
cument/844655
1

Gugenheimer, 
J. and 
Stemasov, E. 
and Frommel, 
J. and Hukzio, 
E.

2018 Scopus
refer to #9 
(demo paper 
thereof)

14
Neomento sad-vr treatment for 
social anxiety

https:
//ieeexplore.
ieee.
org/stamp/stam
p.jsp?
arnumber=8942
236

Streck, A. and 
Stepnicka, P. 
and Klaubert, J. 
and Wolbers, T.

2019 Scopus -- -- -- -- -- -- -- --

15
BirdquesTVR: A cross-platform 
asymmetric communication 
game

https://dl.acm.
org/doi/pdf/10.
1145/3341215.
3358246

Smilovitch, M. 
and Lachman, 
R.

2019 Scopus
"Having the VR player physically look like a space- chicken in real-life, while embodying one in VR, adds to 
the visual spectacle of the entire experience, both enticing and amusing others who may be in the same 
physical space."

16
The influence of social entities in 
virtual reality games on player 
experience and immersion

https://dl.acm.
org/doi/pdf/10.
1145/3102071.
3102086

Liszio, S. and 
Emmerich, K. 
and Masuch, M.

2017 Scopus

“Analysis of variance (ANOVA) showed significant differences be- tween the experimental groups concerning 
the positive affect com- ponent of the GEQ, F (4, 71) = 5.69, p < .001, ηp 2 = .24. Post-hoc analyses with 
Bonferroni correction indicate that subjects who played alone felt more enjoyment than subjects who played 
with a non-interactive agent (p = .002). Furthermore, subjects in the interactive co-player group experienced 
more positive affect than subjects in the non-interactive agent group (p = .016). The non- interactive co-
player group reached higher levels of positive affect than the non-interactive agent group (p = .001). The 
interactive agent condition did not differ significantly from any other condi- tion.”
 

 “Additionally, we found significant differences between groups with respect to negative affect measured 
with the GEQ, F (4, 71) = 4.04, p = .005, ηp 2 = .19. The post-hoc analyses with Bonferroni correction signal 
that participants who played alone scored lower on negative affect than subjects who played with a non-
interactive agent (p = .009) or an interactive agent (p = .029). No other two groups differed significantly. “
 

 “Furthermore, we did not find significant differences between the groups with regard to the GEQ 
dimensions competence, flow, tension/annoyance, and challenge. “
 

 “We performed an ANOVA with agency as a factor and again with the components of the GEQ as 
dependent variables. We found significant main effects of agency on flow, F (2, 73) = 4.79, p = .012, ηp 2 = .
12, positive affect, F (2, 73) = 6.74, p = .002, ηp 2 = .16, and negative affect, F (2, 73) = 7.94, p = .001, ηp 2 = 
.18. Compar- ing the three levels of agency by performing a Bonferroni post-hoc test, the single-player 
condition turned out to reach the significantly highest scores for each of the tested variables (the lowest 
score for negative affect, respectively). However, in this analysis we were more interested in the differences 
between agent and co-player. The co-player group experienced marginally significant (p = .052) higher levels 
of flow (M = 2.28, SD = 0.62) compared to the agent condition (M = 1.91, SD = 0.71). Further, subjects 
playing with a human co-player scored significantly (p = .033) lower on negative affect (M = 0.29, SD = 0.27) 
than subjects who played with an agent (M = 0.52, SD = 0.48). Finally, subjects in the co-player groups 
reached significantly (p = .006) higher levels of positive affect (M = 3.04, SD = 0.58) than subjects in the 
agent groups (M = 2.47, SD = 0.58).”

“The Bonferroni post-hoc 
test indicates that the 
single-player group 
reached higher immersion 
scores than the groups 
non-interactive agent (p = 
.001), interactive co-player 
(p = .028), and interactive 
agent (p = .008). No 
significant difference 
between single-player and 
non-interactive co-player 
were found. Regarding the 
components of the IPQ, 
we did only find a sig- 
nificant main effect of 
group on experienced 
realism, F (4, 71) = 3.56, p 
= .011, ηp 2 = .17. A 
Bonferroni post-hoc test 
suggests that single-
player reported 
significantly higher values 
for expe- rienced realism 
than players who played 
with a non-interactive 
agent (p = .013) or an 
interactive agent (p = .
026). No significant 
differences were found for 
the remaining groups. 
 We performed an ANOVA 
with agency as a factor, 
analogously to the 
procedure described 
under (1a), and immersion 
(GEQ) as well as the 
components of the IPQ as 
dependent variables. The 
only observable main 
effect was found for 
immersion, F (2, 73) = 
9.62, p < .001, ηp 2 = .21. 
However, the higher 
immersion scores of the 
co-player groups (M = 
2.28, SD = 0.62) 
compared to the scores of 
the agent group (M = 1.91, 
SD = 0.71) were not 
significant (p = .093). As 
for enjoyment (1a), we did 
not find significant main 
effects of interactivity.“

Immersion
was moderately correlated with perceived competence, Pearson’s
r ¹75º = :41; p < :001, and challenge, Pearson’s r ¹75º = :36; p =
:001.

“Performing an ANOVA, a significant main effect of the experi- mental 
condition on perceived loneliness in the VR game was found, F (4, 71) = 7.82, 
p < .001, ηp 2 = .31. The lowest values for loneli- ness in VR were observed 
in the interactive co-player group, fol- lowed by the interactive agent group. 
The highest loneliness score was measured in the non-interactive agent 
condition. Post-hoc anal- yses with Bonferroni correction suggest that 
subjects who played with an interactive co-player perceived significantly 
lower levels of loneliness in VR than subjects who played the game as a 
single- player (p = .002) and subjects who played with a non-interactive 
agent (p < .001). Further, the interactive co-player group reported 
significantly lower loneliness values than the non-interactive co- player group 
(p = .001). Mean scores of the interactive co-player condition compared to 
the interactive agent condition did not dif- fer significantly (p = .49). 
Differences in the mean scores of the interactive agent condition and the 
non-interactive agent condition were marginally not significant (p = .053), 
either.”

17
Telesight: Enabling asymmetric 
collaboration in VR between 
HMD user and Non-HMD users

https://dl.acm.
org/doi/pdf/10.
1145/3305367.
3335040

Furukawa, T. 
and Yamamoto, 
D. and Sugawa, 
M. and Peiris, 
R. and 
Minamizawa, K.

2019 Scopus --
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FaceDisplay: Towards 
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https://dl.acm.
org/doi/pdf/10.
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Gugenheimer, 
J. and 
Stemasov, E. 
and Sareen, H. 
and Rukzio, E.

2018 Scopus

“However, since this form of interaction would only occur within a certain social familiarity, the Non-HMD 
User constantly balanced this out, resulting in a high level of enjoyment for both users (see GEQ, SAM:
Valence).”
 

 “The physical interaction was overall used by the HMD User to somehow balance out the power level. When 
asked directly about the level of discomfort when touching the screen or being touched, participants 
reported a significantly higher level of discomfort compared to the gestural interaction (see Fig 9). However, 
when looking at the level of enjoyment (see GEQ, SAM:Valence) participants accepted this discomfort as 
part of the experience (impact of a comet on the helmet) and were less concerned being "touched" due to 
their social connection to the Non-HMD User. Despite being unconventional at first sight, we argue that 
touch interaction for FaceDisplay can lead to an immersive and enjoyable experience when played with a 
closely familiar partner.”
 

 “Enjoyment, presence and emotion: Overall, the majority of participants reported they had fun during the 
study and generally liked both game concepts. Since our goal was to include the Non-HMD User into the 
virtual environment and experience of the HMD User, we consider these high levels of enjoyment and 
presence to be a positive outcome. The Non-HMD User had an even higher level of agency of the interaction 
and a higher level of understanding of the virtual environment (see Fig. 9). The different interaction 
approaches (touch and gestures) had no significant impact on the experience and can therefore both be 
used according to the envisioned experience.”

“We found that the concept of FaceDisplay resulted in a highly imbalanced 
power level between HMD User and Non-HMD User (see SAM:Dominance, 
GEQ:empathy/negative feelings). The Non-HMD User can either abuse this 
(e.g. SpaceFace) or ends up with a higher level of responsibility (e.g. 
Conductor). This power level arises from the fact that the Non-HMD User can 
now see the virtual environment and the HMD User, whereas the HMD User 
only sees the Non-HMD User when he decides to show himself. This 
asymmetry of power could potentially be abused and impair the experience 
of the HMD User. However, since this form of interaction would only occur 
within a certain social familiarity, the Non-HMD User constantly balanced this 
out, resulting in a high level of enjoyment for both users (see GEQ, SAM:
Valence).”

Social Interaction: The social presence module of the GEQ
consists of three subscales (empathy, negative feelings and
behavioral involvement). Participants reported significantly
(F(1;15) = 7:899; p < :05) more empathy playing Conductor
(M=2:70, SD=0:52) than playing SpaceFace (M=2:03, SD=0:75)
and significantly (F(1; 15) = 6:881; p < :05) more empathy
playing as the Non-HMD User (M=2:5, SD=0:65) than playing
as the HMD User (M=2:25, SD=0:77). Participants also reported
significantly (F(1;15)=41:472;p<:001) more negative feelings
playing SpaceFace (M=2:04, SD=0:95) than Conductor (M=1:01,
SD=0:52). It is interesting that these negative feelings did not
reflect negatively on the enjoyment.
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Walkable Self-Overlapping Virtual 
Reality Maze and Map 
Visualization Demo: Public Virtual 
Reality Setup for Asymmetric 
Collaboration

https://dl.acm.
org/doi/pdf/10.
1145/3139131.
3141774

Serubugo, Sule 
and 
Skantarova, 
Denisa and 
Evers, Nicolaj 
and Kraus, 
Martin

2017 ACM
" the setup was capable of facilitating asymmetric collaboration with non-HMD bystanders. With guidance, 
the maze was more engaging and could be com- pleted in shorter time. Without guidance, some 
participants were not able to reach the end of the maze. "

" the setup was capable of facilitating asymmetric collaboration with non-
HMD bystanders. With guidance, the maze was more engaging and could be 
com- pleted in shorter time. Without guidance, some participants were not 
able to reach the end of the maze. "

Added via Snowball Approach
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Maze Commander: A 
Collaborative Asynchronous 
Game Using the Oculus Rift & 
the Sifteo Cubes

https://dl.acm.
org/doi/pdf/10.
1145/2658537.
2658690

Pejman Sajjadi, 
Edgar Omar 
Cebolledo 
Gutierrez, 
Sandra 
Trullemans, and 
Olga De Troyer

2014 ACM

The good score on positive
affect was also observed during the play sessions. Participants
had fun, they laughed, made jokes, and expressed their
excitement verbally.

We could clearly observe the excitement-together metric
where participants verbally expressed joy, and bodily expressions
were noticed between play sessions and when accomplishing
the challenges of the game.

We did not found any significant
difference between the game experience of the Sifteo
Cubes and the Oculus Rift within the two evaluation sessions.
The results of the conducted t-test for both evaluation sessions
are given in Table 1. This means that players experienced an
equal level of game satisfaction.

Note that the lowest possible value
is 1 since the results are based on a 5-point Likert scale.
We can observe a positive evaluation for flow and challenge
where competence is neutral. According to Csikszentmihalyi
[5], a good game design should include closely related values
of competence and challenge in order to keep the player
in the flow of a game. As illustrated in Figure 6, we have
achieved a positive flow by the flow value itself and by the
6
232
minimal difference between competence and challenge.

On the other hand, the positive score for the empathy
factor illustrates that players found it, among others, enjoyable
to play with each other.

21 FaceDisplay: Enabling Multi-User Interaction for Mobile Virtual Reality

https://dl.acm.
org/doi/pdf/10.
1145/3027063.
3052962

Gugenheimer, 
J., Stemasov, 
E., Sareen, H., 
& Rukzio, E

2017 ACM ---

22 Designing Shared Virtual Reality Gaming Experiences in Local Multi-platform Games

https://hal.inria.
fr/hal-
01640287/docu
ment

Stefan Liszio, 
Maic Masuch

2016 Scopus
"Playtest sessions were character- ized by vivid game-related communication and deeply focused, engaged 
play. We assume that the players experienced high levels of immersion and social presence and an overall 
positive shared VRGX."

theoretical paper:
"Assigning identifiable roles to certain players allows the game designer to 
equip each individual player with special abilities, tasks and objectives, 
information about the current game state, and views on the virtual game 
world. This is a prerequisite to establish mu- tual dependencies between all 
players. Depending on the structure of interaction between the players and 
the game system [6] this asymmetric distribution of abilities and information 
can force players either to collaborate or to compete. The result are complex 
and dynamic game-related interactions, which make the shared gaming 
experience unique. Giving players the opportunity to choose roles that fit 
their individual play styles enhances the gaming experience and strength- 
ens the player’s involvement."

23 SpielRaum: Perspectives for Collaborative Play

https://dl.acm.
org/doi/pdf/10.
1145/2793107.
2810306?
casa_token=MV
XKhugFy-
UAAAAA:
JS8w8JiVO3d7
EwiolT5vNJyy0
dGaZR7hTX5iH
4O9y1SnqGHfu
7wgD-
UOqr0sm6XEfc
bN4BiddPc

Michael 
Schmitz

, 
Mert  Akbal 
, 
Soenke Zehle  

2015 ACM

Especially families with children enjoyed the
game, due to its inclusive and intuitive movement-based
interaction. Most of the players tried the game more than
once. Because the di�culty level was not well-balanced,
none of the teams succeeded to bring the ship to its �nal
destination.
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Lung-Pan 
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Christoph 
Sterz, and 
Patrick 
Baudisch.

2014 ACM

“As players, participants rated their experience on average as 6.1 (SD=0.7) on a 7-point Likert scale 
(1=unpleasant, 7=enjoyable)—so clearly as enjoyable. 
 Overall, players preferred the large motion events. Five players stated that they liked the intense motion 
result- ing from lifting, shaking and bumping. Another player stated that he particularly enjoyed whole-body 
movements, such as being lifted or being swung forward—more so than being tilted and rolled. Along the 
same lines, three partici- pants stated that they did not enjoy the extensive landing period in which they were 
tilted down. One participant described tilting as uncomfortable. Accordingly, when asked about the most 
impressive mo- ment of their player experience, 11 participants picked the intense -1/+2 boost caused by 
the tornado. One player ex- pressed that “the changes in altitude were amazing and immersive”. Another 
player explained that he enjoyed the moment when he bumped into the blimp.“
 “As actuators, participants rated the experience as actuator as less enjoyable than as players, yet still on 
the “enjoyable” side (M=4.4, SD=1.2). 
 Very obviously, the actuators’ experience was strongly driven by their perception of players’ experience. 
Actuators felt that their performance contributed to player's experi- ence (M=5.4, SD=1.3) (the “contribution” 
bar in Figure 22). Our observations match this. Five actuators said that they enjoyed seeing their players 
scream and giggle. One actua- tor said “it’s fun to play this with your friends and see their reactions as they 
fly.” And one simply stated “it’s fun to watch.” One participant would have enjoyed an even better view of 
what the player is experiencing. While we thought of the special effects role as being less exciting, one 
actua- tor said he would have also liked to take on that role. 
 The most likely reason for the lower score on enjoyment was fatigue. Seven actuators mentioned fatigue. 
One actua- tor mentioned that fatigue kicks in after two rounds of turking. Another actuator said “The person 
we moved was too heavy for me and I was smaller than the other players so my arms end at a lower height.” 
Two actuators men- tioned that lifting the player to level +2 repeatedly had caused fatigue. 
 “

“The most likely reason for the lower score on enjoyment was fatigue. Seven 
actuators mentioned fatigue. One actua- tor mentioned that fatigue kicks in 
after two rounds of turking. Another actuator said “The person we moved 
was too heavy for me and I was smaller than the other players so my arms 
end at a lower height.” Two actuators men- tioned that lifting the player to 
level +2 repeatedly had caused fatigue.”

“To learn more about proxemics, we asked participants who they would play 
team flight with. They indicated that they would play with friends (14/14) and 
family (10/14), but only 1/14 felt it was appropriate to play with the public. 
Given that this study had forced participants to play with a group of mostly 
strangers, this suggests that subjective satisfaction may improve further if 
experienced in a closer circle of friends and family. One participant explicitly 
said that she would enjoy playing haptic turk with her kids. 
 The human-human nature of haptic turk polarized partici- pants. While 7/14 
participants responded that they would have preferred an experience 
administered by a mechanical motion platform, 5/14 stated that they 
preferred being actu- ated by humans (Figure 23).”
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Qualitative feedback we collected indicates that
participants appreciated the general idea of augmenting
interactive projection with HMDs using UbiBeam++.

Qualitative feedback we collected indicates that
participants appreciated the general idea of augmenting
interactive projection with HMDs using UbiBeam++. We
observed that participants were understanding the concept
of shared, public and private content very quickly.
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