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ABSTRACT

With the introduction of new input devices, a series of questions
have been raised in regard to making user interaction more intuitive

in particular, preferred gestures for different tasks. Our study
looks into how to nd a gesture set for 3D travel using a multi-
touch display and a mid-air device to improve user interaction. We
conducted a user study with 30 subjects, concluding that users pre-
ferred simple gestures for multi-touch. In addition, we found that
multi-touch user legacy carried over mid-Air interaction. Finally,
we propose a gesture set for both type of interactions.

Index Terms: H.5.2 [User Interfaces]: User-centered design
Gesture Evaluation

1

With the introduction of modern input devices such as multi-touch
(MT) displays and mid-air (MA) vision-based systems (e.g., Mi-
crosoft Kinect and Intel RealSense), the search for the best set of
gestures has been undertaken multiple times, starting with Wob-
brock et al. who rst attempted multi-touch gesture elicitation in
2009 [49]. An important application of gesture-based interaction is
3D navigation, which is divided into two sub-systems: travel and
way nding [2, 30]. The current study delves into travel, which is
the engine of navigation (e.g., a car takes us from point A to point
B). In particular, we aim to learn whether it is possible to nd a
user-driven gesture set for 3D travel, using multi-touch and mid-air
interactions with a 3M Multi-Touch display and the Intel RealSense
camera for interactive displays.

INTRODUCTION

1.1 Yet another gesture elicitation study?

It is important to understand the motivation for our user study.
There have been plenty of studies (see Section 2) concerning ges-
ture elicitation; however, we believe that there is still a need to con-
duct these studies as there is need to understand different devices
and environments. Furthermore, this study uses legacy bias in its
favor. This is the reason we conducted an experiment with two dif-
ferent devices and hope that in the future, this may enable us to mea-
sure legacy bias. Our motivation also points to the ability of users to
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interact with complex environment in a desktop setting. The desk-
top environment is where we spend most of our time, hence the
importance of further improving our day-to-day interactions.

Some studies suggest that gestures are best created by experts
[48, 11] while others have shown a clear preference for gesture set
created by users [49, 24, 4]. While our study looks into nding ges-
tures for 3D travel in a pseudo-universe, we do realize that compar-
ison with expert-designed gestures merits a look and it is proposed
as a follow-up study. The study presented here will also provide
a framework for follow-up studies which: (i) compare future stud-
ies with expert-design gestures using the same environment and (ii)
deploy gesture recognition algorithm to nd the effectiveness of
gesture-set created either by users or experts.

1.2 Contribution

The contribution of our study includes a proposed gesture set, and it
arrives with the realization of gesture elicitation for 3D travel using
a pseudo-universe, as well as the premise that it may be in uenced
by legacy bias. As opposed to previous studies, the present study
is aimed at 3D travel in pseudo-universe for multi-touch and mid-
air systems. It also asks the participants for gestures with different
constraints or the lack of them.

An important application of our contribution is 3D travel in un-
constrained domains (e.g., the cosmos, complex 3D dataset, or a 3D
game). Finding the intuitive gestures for these type of environments
provides a way for designers to create more intuitive interactions.
We provide recommendations (see x6.2) based on our ndings.

1.3 Six Degrees-of-Freedom and Zoom

Translations and rotations on X,y,z axes are commonly known as 6
degrees-of-freedom (DOF). The inclusion of scaling or zooming for
a 3D navigation environment has been studied by other colleagues
[10, 5] referring to it as 7-DOF. Warren and Holloway describe 7-
DOF actions (6-DOF + scale) that provides a framework for a 7-
DOF navigation environment for head-mounted displays (HMD)
[46]. Our user study provides the additional DOF by adding a eld-
of-view (FOV) zoom for the user. Therefore, the user does not
translate to a point but rather change the zoom of the lenses, pro-
viding a different experience. Hence, the use of 7DOF or 6DOF+
is appropriate for this study.

It is also important to address how an extra DOF (zoom) may be
used in 3D navigation. By expanding or shrinking the world [46], or
in our case, affecting the FOV of the user provides a different visual
cue (e.g., nding atarget) for 3D navigation (travel and way nding)
[2, 30]. Additional cues are always recommended, as highlighted
by Darken and Sibert [9].

2 RELATED WORK

The primary focus of a gesture elicitation study is to nd out
whether a gesture set could be derived from the users themselves.
A secondary objective is to understand user behavior and how users
have potentially evolved since the rst study by Wobbrock et al. in
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Table 1: Gesture Elicitation Studies

Publication Spatial Selection and Manipulation Travel Additional Information
(byreference) | ED ID DOF | Selection R:S:T: OtherZ [ R T Otherl | MT MA TypeE Bias G.AM. RC
Our Study 213 3 6+ X X z X X D X X 14
[1] 23 3 6 X R:T: X X X X D 10
[4] 3 2 2y X X D X X 27
[6] 3 2 6 X X X T X 21
[7] 23 3 6 X X X X w X 22
[22] 2 3 2 X X X X 15
[24] 2 2 2y X X X X T X 22
[31] 3 3 6 X X X X A X 40
[33] 3 3 X X X X M X 18
[36] 2 3 X X 16
[44] 2 3 X X w X 12
[45] 2 3 2+ X T X X X w X 12
[49] 2 2 2y X X X X T X 27
Notes: ED = Environment Dimensions; 1D = Input Dimensions; D.O.F. = Degrees of Freedom
y= Participant may have tried to use additional ones; R:S:T: = Rotate, Scale, and Translate; z= Commands and other manip. techniques.
R = Rotate; T = Translate; {= Other travel techniques; Z = Zoom; Bias = Legacy Bias was considered; RC = Referent Count
E = Environment Type: Augmented Reality (A), Tabletop (T), Desktop (D), Mobile (M), TV (W), Multi-Modal ( ).
G.A.M. = Use gesture agreement technique [49].
Note about Environment Types: Desktop (similar to tabletop) may include environments closer to Virtual or Augmented Reality.

2009 [49] ( rst described by [28]). Given the year that the experi-
ment was conducted, we understand that the researchers were able
to nd users who had no experience with multi-touch devices (e.g.,
iPhone); therefore, they were able to derive a gesture set unaffected
by the common use of multi-touch devices. Finding a similar set of
participants today is signi cantly more challenging for multi-touch
interaction. Many follow-up studies have created gesture sets us-
ing gesture elicitation, such as [6, 4]. The popularity of gesture
elicitation can be seen in the variety of studies ranging from de-
formable displays [19, 42] to multi-touch surfaces [21, 4], and mo-
bile devices [33], among others [6]. Table 1 provides a comparison
of some previous gesture elicitation studies and our contribution;
we have focused on the most important points of comparison. In
relation to spatial considerations we are concerned with the Envi-
ronment Dimensions (ED), Input Dimensions (ID), and Degrees of
Freedom (DOF). We have also considered the general methods of
interaction by subdividing sections to Selection, Rotate, Scale, and
Translate (RST symbol), and Other for more general commands
and manipulation techniques. In relation to travel we have focused
on Rotations (R), Translations (T), and Other travel techniques.
For additional considerations we have also taken into account the
Type of Environment used with a focus on Augmented Reality (A),
Tabletop (T), Desktop (D), Mobile (M), TV (W), and Multi-Modal
(). We also note if a Gesture Agreement Technique (G.A.M.) is
used, as well as if Bias is considered in the experiment and the total
Referent Count (RC).

A follow-up paper to [49] concluded that user-created gesture
sets performed better than expert-created sets [24]. However, this
has created a controversy in the elds of Human-Computer In-
teraction (HCI) and 3D User Interface (3DUI). Some researchers
have interpreted the results to the inexistence of natural ges-
tures [29, 30, 13], while others argue that once the technology be-
comes pervasive, an expert-created gesture set may deliver better
results.

It is important to clarify the meaning of the word natural in

145

the context of gestures: to us, it means intuitive but we avoid
using it the contention for the word natural next to interaction
or gestures in the HCI community may have its origin in semantics.
To some, it means intuitive, while to others it means that the action
is inherent in us. The discord may also be traced to the use of the
word natural for marketing purposes by Steve Ballmer (former
Microsoft CEO) [29], as well. However, we believe the intent of our
research community is to make systems more intuitive. As Weiser
wrote: The most profound technologies are those that disappear.
They weave themselves into the fabric of everyday life until they
are indistinguishable from it [47] therefore, our study does not
aim to discover if gestures are natural or not but rather if we can
derive a gesture set from users.

2.1 Legacy Bias

One of the primary concerns with gesture elicitation has been
legacy bias, stemming from the users coming in with experience
from previous interfaces and technologies (e.g,. WIMP). Morris
et al. proposed possible steps to reduce legacy bias [23], includ-
ing production (requiring users to produce multiple interactions),
priming (asking users to produce new form factors), and partnering
(creating groups to participate in the elicitation) [23]. The approach
proposed by [23] was used for whole-body gestures in [34], and an-
other study eliciting mid-Air gestures for music playlists [14].

However, legacy bias can also be used to one’s advantage [17]:
our experimental design aims to take advantage of legacy bias by
creating a gesture set from what already feels natural to the user
[17]. This will be accomplished through the comparison of gesture
sets derived from the multi-touch and mid-air systems. Participants
are also presented with the multi-touch and mid-air treatments in a
random order to prevent immediate bias from the initial treatment
presented to the participant.
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(a) Space

(b) Participant

Figure 1: Procedurally Generated Pseudo-Universe

Please Yaw to the Left

Realsense Training

(a) mid-Air Training Environment

Please Pitch Up

Multi-Touch Treatment

(b) Multi-Touch Treatment Environment

Figure 2: Additional Images of Generated Pseudo-Universe

2.2 3D Navigation

Our gesture evaluation study was designed to nd 3D navigation
gesture sets. While this is a wizard-of-oz experiment, it is impor-
tant to understand previous 3D Navigation studies. For example,
Santos et al. studied the difference between 3D navigation with a
non-stereo, desktop display versus a HMD [40]. Fu et al. stud-
ied large-scale 3D astrophysical simulations. Their navigation ap-
proach used different gestures and touch widgets to allow different
actions in a multi-dimensional environment to study astrophysics.
Yu et al. studied touch-based 3D navigation [50]. Their environ-
ment was a representation of scienti c data, where users navigated
using single-touch gestures or a mouse. Their objective was to test
a 3D navigation approach with 7-DOF that included translations
and rotations on x,y, and z axes with an additional degree of free-
dom that allows users to scale the environment [50]. Feng et al.
studied three types of 3D navigation techniques with 7-DOF [10].
The techniques include Spindle+Wheel a variant of the Grab-
and-Scale method and One-Hand+Scale. The results showed that
the three proposed techniques perform equivalently whenever no
scale adjustments are needed. When scaling is needed, the Spin-
dle+Wheel and Grab-and-Scale performed better and were faster
than the One-Hand+Scale [10]. Stannus et al. implemented a 7-
DOF 3D navigation technique, called AeroSpace, for geo-spatial
maps [41]. Additional studies in 7-DOF for interaction (e.g., se-
lection and/or manipulation) have also been studied: for example,
Schultheis et al. compared the use of different types of input de-
vices for 3D manipulation in 7-DOF [35]. For additional studies,

see [43, 39, 20, 5].

3 STuDY ENVIRONMENT

Our travel experiment was designed for 7-DOF in a pseudo-
universe with planets, asteroids, stars, gases, and other objects. The
importance of this environment lies in helping encourage all the ro-
tations and translations needed for a 6-DOF travel experiment. In
addition, we added zoom (in and out) referents to the study, amount-
ing to 7-DOF environment. Zooming is performed by adjusting the
FOV (see also x1.3). There was a clear difference between zooming
in/out compared to translating forward/backwards.

We chose to consider zooming due to this being an unknown
environment to the user, and therefore, while not absolutely nec-
essary, the ability to inspect what lies ahead prior to determining
a path can prove rather helpful. As a post-experiment survey, we
asked ve of the original participants if they could differentiate be-
tween the translation forwards/backwards and the zoom in/out. All

ve participants were able to do so.

One of our primary concerns when dealing with 3D rotations is
that they can become rather dif cult for users, in particular when
there is no frame of reference. Previous studies have cited that i)
in order to make the required comparison they had to visualize one
object rotated into the same orientation as the other and that they
could only carry out this mental rotation at a limited rate; and
(ii) since they perceived the two-dimensional pictures as objects
in three-dimensional space, they could imagine the rotation around
whichever axis was required with equal ease [38, 37]
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