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ABSTRACT
A virtual reality (VR) system’s interface determines its correspond-
ing interaction fidelity. While there exist several naturally-mapped
interfaces, these have not been directly compared – in terms of pres-
ence, engagement, perceived performance, and real performance
– to a more commonly-used interface for interacting with virtual
reality: the gamepad. Because gamepads have evolved over sev-
eral decades and have widespread adoption, it is pragmatic to ask
whether it is viable to import them into the design of VR expe-
riences. To study this, we developed a first-person shooter (FPS)
Virtual environment and contrasted the VR experience using the
Microsoft Xbox 360 controller against the HTC VIVE wand. We
assessed the effect of the input device on self-reported presence,
engagement, and performance as well as real performance in terms
of accuracy and speed, two metrics relevant for our particular en-
vironment. A within-subjects FPS shooting task under accuracy
and time constraints confirmed our hypotheses in favor of the
VIVE wand: presence, engagement, perceived performance, and
real performance were deemed significantly higher than the Xbox
controller condition. These results are contextualized with partici-
pants‘ comments in a post-experiment debrief, in which (paradox-
ically) several participants reported preferring the gamepad. We
discuss the implications of our findings and how what we call genre
fidelity can impact the design of VR experiences.
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•General and reference→Empirical studies; •Human-centered
computing → Virtual reality; • Applied computing → Com-
puter games.
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1 INTRODUCTION
Fidelity is one of many interesting dimensions to evaluate Virtual
Reality (VR) experiences. Ragan et al. [2015] identify three types:
(a) interaction fidelity, which concerns how real-world interac-
tions are translated inside the virtual environment as well as the
accuracy of translation, (b) display fidelity, which concerns the
realism of the VR’s display output as well as how real-world stimuli
are reproduced within the virtual environment, and (c) scenario
fidelity, which concerns the realism of behaviors, attributes, and
rules that the simulated scenario reproduces.These different types
of fidelity contribute differently to the VR experience and, as they
increase, the virtual environment increases in similarity to the real
world. This paper focuses on interaction fidelity.

Prior work has explored the effects of varying the level of inter-
action fidelity on presence, engagement, usability, and task per-
formance. These studies have addressed specific interaction fi-
delity components such as view control (manipulations applied to
change the user’s current viewwithout themmoving) [Barfield et al.
1997; Heineken and Schulte 2007; Narayan et al. 2005; Raja 2006;
Ware et al. 1993;Ware and Franck 1996], locomotion (moving from
one position to another within the virtual environment) [Chance
et al. 1998; Chung 1992; Usoh et al. 1999], object manipulation
in the virtual space [Balakrishnan et al. 1997; Hinckley et al. 1997],
form factor [Zhai et al. 1996], and lag [Arthur et al. 1993; Ware
and Balakrishnan 1994]. However, no work has directly compared
gamepads and naturally-mapped interfaces vis-à-vis presence, en-
gagement, perceived performance, and real performance.

Such a comparison is crucial for designers interested in crafting
VR experiences. Bracken and Skalski [2010] defines natural map-
ping in video games as “how closely actions represented in the virtual
environment match the natural actions used to bring about change in
a real environment.” The lack of physical involvement and the use
of unrealistic actions that are less similar to real-life actions – via
mapped buttons and joysticks – diminishes the ability to induce
presence [Skalski et al. 2011]; using naturally-mapped controllers
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(NMCs) over non-NMCs has a signi�cant positive e�ect on natural-
ness, spatial presence, and enjoyment. However, gamepads1 have
evolved in tandem with games for over forty years [Cummings
2007] and their symbols and corresponding physical arrangements
are governed bydesign conventions [Norman 1999] accrued over
that time span. These design conventions are not arbitrary, have
emerged in a community of practice, and are relied upon to navi-
gate new contexts and manage complexity in virtual environments.
Further, it is not obvious that NMCs are always the best candidate
for VR experiences: prior work has found support for gamepads
being the better alternative in terms of user preference [Hinckley
et al. 1997] and target selection performance [Farmani and Teather
2017].

As a result, it is pragmatic to ask whether it is viable to import
gamepads controllers as we know them into VR; failing to ask the
question would ignore all that we have learned about their use thus
far. Furthermore, studying the use of gamepads in virtual worlds
may broaden the applicability of existing VR technology.

In this paper, we present a study that compared two input de-
vices; one that is traditionally used to play video games (the Mi-
crosoft Xbox 360 controller; hereafter, �Xbox controller�) and an-
other which is naturally-mapped (the HTC VIVE wand; hereafter,
�VIVE wand�). The experiment compares the perceived and real
performances (which correspond to self-reported accuracy and real
accuracy in our study), as well as self-reported presence and en-
gagement. We asked participants to complete a target shooting
experimental task in a �rst-person shooter (FPS) virtual experi-
ence twice, using a di�erent input device each time while trying
to maintain accuracy and speed. We compared participants' data
between the two conditions (within subjects) to determine whether
the input device has any e�ect on presence, engagement, perceived
performance, or real performance for the given experimental task.
Our analysis provides evidence in favor of the VIVE wand: presence,
engagement, perceived performance, and real performance were
deemed signi�cantly higher than the Xbox controller condition,
contradicting earlier related (and di�erent) studies [Farmani and
Teather 2017]. These results are contextualized with participant
comments in a post-experiment debrief, in which (paradoxically)
several participants reportedpreferringthe gamepad. We discuss
the implications of our �ndings for the design of VR experiences.

Contributions.We address the e�ects of two heretofore not com-
pared controllers on presence, engagement, perceived performance,
and real performance in VR, and discuss the broader impact of our
�ndings on interaction �delity and scenario �delity. Our work leads
us to introduce a new term,genre �delity , to distinguish a speci�c
kind of interaction �delity, focused on � not simulation, but � user
expectation. We believe this distinction can usefully broaden the
language with which we approach the design of VR experiences.

2 RELATED WORK
As alluded to earlier, the idea of addressing controllers and their de-
sign as a component of VR interaction �delity is not new. However,
no study targets both a virtual reality experience that contrasts
gamepads to NMCs in terms of real & perceived performance (in

1Alternative names include �joypad�, �game controller,� and �controller.� We use these
terms interchangeably.

terms of speed and accuracy), presence, and engagement. In this
paper, we �ll this gap.

Farmani and Teather [2017] compared 3D target selection of
three di�erent input devices � mouse, gamepad, and VR controller
� in an FPS game setting. Task performance was measured with
respect to the speed with which targets are acquired and the per-
centage of missed targets, which they referred to as accuracy. They
chose the Razor Hydra as their VR controller and hypothesized that
using the Hydra would lead to better performance. Contrary to
what they had hypothesized, the VR controller performance came
last (mouse was �rst, gamepad second), suggesting disappointing
prospects for VR controllers in VR FPS games. Our study design
goes beyond theirs by exploring how the input devices a�ect � in
addition to task performance � immersion aspects of the virtual
environment, such as presence and engagement.

Zielinski et al. [2014] compared three input devices (6-DOF wand,
Air mouse, Xbox Gamepad) for accuracy, speed, and usability for a
VR mining simulation. The simulation involved three tasks: target
selection, navigation, and maneuvering. They found the wand was
preferred by most users and using it produced better timings for
task completion. However, when accounting for target size, the
want resulted in higher error rates and less accuracy.

McMahan et al. [2012] demonstrated that both display and in-
teraction �delity in VR have a signi�cant impact not only on per-
formance, but also on presence, engagement, and usability. Their
study measured the combined and independent e�ects of interac-
tion �delity and display �delity using a �rst-person shooter game,
played on a six-sided CAVE in four di�erent conditions: (a) high
display (�delity) / high interaction (�delity), (b) high display / low
interaction, (c) low display / high interaction, and (d) low display /
low interaction. Performance results were in favor of con�gurations
that were consistent; high display / high interaction and low display
/ low interaction settings were favored, which the authors found
understandable since these two settings represent the typical ways
of interacting in the real world and playing FPS games, respectively.
Our work is complementary to theirs: we control for display �delity
by using a di�erent display device and use a gamepad controller
instead of a mouse and keyboard for our study's �low interaction
�delity� condition.

3 EXPERIMENT
We address how participants perform with two di�erent input de-
vices (VIVE wand and Xbox controller) when trying to complete the
given task in the virtual environment. We also address the impact
of those input devices' interactions on presence, engagement, and
real and perceived performances, which can directly a�ect a user's
experience. Presence, engagement, and perceived performance are
measured through self-assessment, whereas real performance is
assessed through timing and accuracy metrics; all measures were
taken to better characterize how interaction �delity actually and
perceptually a�ect a user's experience, which we posit are key
considerations for designers of virtual worlds.

3.1 Experimental design
The virtual environment was designed as representative of the
�rst-person shooter (FPS) genre, a sub-genre of action games in
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