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ABSTRACT

Motion controls are experiencing a renaissance in current Virtual .

Reality (VR) gaming applications. While thasssignificant work

on how motion controllers affect player experience in games
compared to other controllers, relatively little is known about the
experiential effects of concrete, low-level design of motion

York ~

details of control schemesow they best invoke the different
mechanics of certain game genres [22, 23], and give rise to
satisfying’ controller experiences such asgame &ef [24].

This study explores one particular important yet understudied
low-level design parameter in control design: the control-display
ratio [25] Control-display ratio can be defined as the coefficient
that maps the physical world movement to the resulting on-screen

controls. Therefore, this study explores the relationship betweendisplacement of e.g. a cursor or virtual actor [25, 26]. Previous

immersion and control-display ratio in motion controllers in a VR
setup A pilot experiment compared 1:1 ‘natural’ mapping ratio

with a decelerated ratio. While quantitative results were
inconclusive, interviews showed that novelty might be playing an
important role in the results.
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1 INTRODUCTION

research has shown that modifying the control-display ratio can
have an effect on user performance and usability-42b
However, we don’t know how it affects user experience
particularly with regard to game controllers. Therefore, we wanted
to test how a change in control-display ratio in a motion controlled
VR game can affect immersion.

2 RESEARCH QUESTION

We formulated the following research questiblow does control-
display ratio affect player immersion in a handheld motion-
controlled game?

We here operationalize control-display rati®the amount of
time it takes for the position of the controller representation in the
virtual world to update to the controller’s position in the real world.

A 1:1 ratio means that a lcm/sec movement of the controller

Controllers shape how players experience games [1], affecting acorresponds to a lcm/sec movement in the virtual world. Prior

variety of constructs. The use of motion controllers for instange ha
been found to increase engagement and social interactiorfé2}; af
enjoymen{3-5], presenc§4—6] and interactivity [7]; and increase
cognitive aggression, immersion and realisf®-10]. The

work on controllers and immersion suggests that a ‘more natural’
control scheme would translate into more immersion. We assume a
linear constant 1:1 contralisplay ratioto be ‘natural’, while an
accelerated or deceleratgtbuld be ‘unnatural’ and therefore less

controllers studied ranged from steering wheels to realistic firearmimmersive.

controllers, musical bongos replicas and more regdMiaremotes.
With the latest VR gaming platforms gaining populartyHTC
Vive [11], Oculus Rift [12] or PlayStation VR [13} motion
controllers are experiencing a rise in popularity. The main
argument for using motion controllers is their ‘natural’ mapping

Based on this, we formulated the following hypothesis:

HypothesisA ‘natural’ 1:1 control-display ratio will produce
higher immersion in a motion-controlled game than an ‘unnatural’
decelerated ratio.

between what the player does in front of the game and what their3 METHOD
character does in the virtual environment. This naturalness is seeng subjects participated in our pilot study, 9 male, 7 female, with

to increase immersion in the virtual woflé-8, 14-16], a highly
desired experiential quality in VR gaming [17, 18]{29)].

While current research provides a useful high-level
understanding of the relation between different kinds of contsolle

age ranging from 18 to 45 years. The game used was a modified
VR default game from Unreal Engine [28] with a total of 6 tasks to
perform: push a button to drop objects, pull a lever to move
platforms, play freely with boxes that could fly, spawn objects with

and player experience, they are not forthcoming about the aspects, ,,tton and a slider, use a virtual set of drawers and paiat on

arguably most relevant to game designers, namely the low-level

whiteboard. All interaction with the game was maxatethe HTC
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Vive VR system [11], which included a stereoscopic headset and a
pair of handheld controllers, tracked in real-time with two sensors
placed on the ceiling of the room, in opposite corners. We measurec
immersion with the Immersive Experience Questionnaire (IEQ)
[29], as it is well-established and has been used in the past to asse:
how controls affect immersion [16].

Participants were divided into two conditions. Condition A
(control group)played the ‘natural’ 1:1 control-display ratio game.
Based on observation and code analysis, we took the inbuililtlef
control-display ratio of the HTC Vive tasks to be 1:1. Condition B
played a version with a decelerated control-display ratio. The only
manipulation was a delay between updatingahecreen virtual
hand displacement in response to changes of the position of the
handheld motion controllers.

To mathematicallydescribe the decelerated function (DF), the
distance of the hand movement between frames (v) was calculated
and multiplied by a speed coefficien).(

DF =vx* x (1)

In the constant linear function, the speed coefficignivas 1.
However, in the decelerated function, the speed coefficigmigs
greatly reduced to 0.03, to make deceleration during gameplay
palpable. We arrived at this ration through prior informal testing to
identify the minimum required DF to achieve readily noticeable
effects. Instead of using pixels or centimeters in the function, unreal
engine world units were used, having a direct translation between
pixels and unreal engine units of a 100 pixels/unit.

Each participant was receiving a briefing session to explain the
controls and then played for 5 minutes. After that, they were asked
to fill in the IEQ. Finally, participants were interviead regarding
their experience. The qualitative data gathered was used to bette
understand the outcome of the quantitative analysis.

difficulty were asked:

How would you describe your experience with the game?
How would you describe your interaction with the
environment?

Did you experience any issues you might want to highlight?
How difficult was for you to perform the different tasks
presented?

If you would be able to change anything, what would it be?
Any other comments?

4 RESULTS
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The quantitative results were mirrored in interview responses:
no buta small minority of participants in decelerated Condition B
mentioned anything indicating that they noticed the decelerated
control-display ratio. Most answers were related to the control
scheme and the buttons to press, as well as the novelty of the
experience. Even participants in Condition B that noticed the
aecelerationthey didn’t describe the experience as more difficult,

. . . X . I_n thefrustrating, or less immersive because of it. Participants generally
interviews, questions about the general experience, interaction anqjsed the wordsnatural. ¢

real and ‘good to describe how the
experience felt, and several of them pointed out how aesthgticall
‘simplée the environment seemed.

In any of the conditions, participants that never used the HTC
Vive presented a higher enthusiasm during the interview, as well as
a generally higher immersion score. As commented above, is
interesting the fact thatven though the ‘unnaturalness’ of the
movement was palpable in Condition B, the average immersion
score was higher.

5 DISCUSSION

A two-sample t-test was performed over the average IEQ score of5ased on the results in this pilot study, it is not possible to say that

both condition groups. The average IEQ scorghef ‘natural’
display ratio (condition A) was 4.5, lower than the decelerated
ration (condition B), which scored 5.2. However, results were non-
significant withp = 0.083. The effect siz¢Cohen’s d) was large,
with d = 0.9. Overall, this means we have to reject our hypothesis.

control-display ratio in handheld motion controllers is influencing
immersion in VR games. Possible alternative reasons for our results
are the small sample size, an insufficiently strong manipulation, or
a problematic operationalization, as we effectively manipulated
latency not spatial input-output ratios

Due to thelarge effect size encountered when analysing the
data, is worth looking at why the immersion score was higher in
Condition B. One possible explanation might be because of the
cognitive overload of interacting with a decelerated interface,
needing a higher effort and concentration to manipulate the
environment, potentially leading to a higher immersion score[17,
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30]. Another possible explanation might be the brain sync effect [8] '\S/IcGIO:n, R. and Fagar, K.M. 2011. The In:jpact of Cogtromlturalness on
. patial Presence, Gamer Enjoyment, and Perceived Realism innrds Te

[31], where the fact that.the Vlrt[ua.l hand§ where deceler'ated and the Simulation Video GamePresence: Teleoperators & Virtual Environments. 20, 4
players where only seeing their virtual limb representaticzated (2011), 309324.

B f ; i [9] McGloin, R. et al. 2013. Video Games, Immersion, and Cognitive Agignes
astronger sense of |mmer.5|.o.n and er,nbOdlm,ent [32.“33]’VIGWS Does the Controller Mattei@edia Psychology. 16, 1 (2013), 6587.
opened the further possibility that immersion might haeen
influenced chiefly by the novelty of the used VR games [34e

[10] Mcgloin, R. et al. 2015. Triple whammy! Violent games and violentrollers:
Investigating the use of realistic gun controllers on peimeptof realism,
for similar observations), overshadowing any effects of the control
scheme manipulation

immersion, and outcome aggressidaurnal of Communication. 65, 2 (2015),
280-299.

[11] HTC Corporation 2015. HTC Vive.

[12] Oculus Rift: 2015https://www.oculus.com/en-ug/rift/.

[13] Sony Interactive Entertainment 2016. PlayStation VR.

[14] Lindley, S. et al. 2008. Stirring up Experience through MoverreGame Play:

6 CONCLUSION AND FUTURE WORK
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Seeing this result, it could be theorised that the necessity for a  Whereareyou?. (2008), 511514.
perfect 1:1 mapping wouldn’t be needed in most handheld VR [15] Shafer, D.M. et al. 2011. Spatial Presence and PerceiaiyRes Predictors of

. . L Motion?Based Video Game EnjoymerRresence: Teleoperators & Virtual
experiences. However, due to the sample size and the qualitative  Environments. 20, 6591619 (2011), 109132,

answers, is important to acknowledge the fact that further researcH16] Cairns, P. et al. 2014. The influence of controllers on ireide in mobile games.

. > Proceedings of the 32nd annual ACM conf Hurmen factorsi i
should be done on this matter to better understand the relationship g eer 8P O O AP, £oo omerence on FmAn aciors n compiing

of player engagement in VR, embodiment and novelty. Some [17]Brown, E. and Cairns, P. 2004. A grounded investigationaafiegimmersion.

participants noticed the latency while others didn’t notice at all.

Extended abstracts of the 2004 conference on Human factors and computing
systems - CHI '04. (2004), 1297.

Some of the participants slowed down their movements while [1g]Calieja, G. 2011. Incorporation: A Renewed Understanding of Rresand

others didn’t. It might have been that the prototype chosen wasn’t
the best option available, and the experiment would benefit &o

fully finished videogame where there is a clear goal and more

complex task to perform.

Because of all the reasons mentioned above, a future study to

follow this pilot one is proposedetter controlling the different
conditions that might be affecting the resulfhe study would

consist of 40 participants divided into four different groups: with
and without VR setup, and for each group, with and withou

Immersion in Digital Game®iGRA 2011 (2011).

[19] Burdea, G. and Coiffet, P. 200&rtual reality technology. Wiley-IEEE Press.

[20] Stone, R. 2009. Serious games: virtual reaisecond coming@irtual Reality.
13, 1 (2009), 12.

[21] Haydar, M. et al. 2011. Virtual and augmented reality for culaamputing and

heritage: a case study of virtual exploration of underwater eobbgical sites

(preprint).Virtual Reality. 15, 4 (2011), 311327.

[22] Dahl, G. and Kraus, M. 2015. Measuring how game feel is influebgettie
player avatds acceleration and deceleratio®roceedings of the 19th
International Academic Mindtrek Conference on - AcademicMindTrek °15.
(2015), 4146.

[23] Fasterholdt, M. et al. 2016. You Say Jump, | Say How High? Opeaditity the
Game Feel of Jumpingroc. 1st Int. Joint Conf. DiGRA and FDG. (2016), £16.

deceleration. With the proposed experiment, we hope to gain more24] Swink, S. 2009Game Feel: A Game Designer 's Guide to Virtual Sensation.

knowledge in how the modification of control-display ratio affects
immersion, and how VR might be having an influence over the

results.

Morgan Kaufman.

[25] Blanch, R. et al. 2004. Semantic Pointing - Improving TaAgefuisition with
Control-display Ratio AdaptatiorProceedings of the International Conference
on Human Factorsin Computing Systems (CHI '04). 6, 1 (2004), 51:9626.
Mufioz, L.M. and Casals, A. 2015. Improving the Performandepaft Interfaces

. 26]
Nonetheless, as the game 'ndUStry further pUShes VR gamé through Scaling and Human Motor Modetuman-Computer Interaction. 31, 5

development, the knowledge in how players immerse with the

game environment becomes relevant and neefted study is a

(2015), 150527101803004.
[27] Casiez, G. et al. 2008he Impact of Control-Display Gain on User Performance
in Pointing Tasks.

small step in better understanding the relationship between|2g]Epic Games 2016. Unreal Engine.

immersion and motion controllers in VR games, and mark

beginning of an interesting and exciting path to explore.
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