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Figure 1: Context of use for our application: a psychologist, from a remote location, controls a virtual puppet via an animation
panel and pen gestures (left) generating a Virtual Reality story displayed in the hospital room of a child (right).

ABSTRACT

We present an application and corresponding user interface
where the user, a psychologist, controls a virtual puppet
(a cartoon-like character in Virtual Reality) that displays
human-like emotions for the benefit of hospitalized children.
A crossing-based Ul enables specification of emotional states
for the virtual puppet, which are chosen from a widget UI con-
trol showing several categories of body poses, movements,
and emotions. Input is performed with pen gestures that
trigger animated transitions between the states of the vir-
tual puppet. Gesture articulation parameters, such as gesture
speed and the pressure applied on the touchscreen, control
the rendering of the various animations. We discuss a practi-
cal application for the pediatric departments of hospitals.

CCS CONCEPTS

« Human-centered computing — Graphical user inter-
faces; Gestural input; Pointing device; Touch screens; « Soft-
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1 INTRODUCTION

Virtual Reality (VR) is expected to deliver a sense of deep
presence by displaying photorealistic scenes and characters,
such as virtual puppets [6, 12, 14] that exhibit human-like
behavior [16]. It is known that humans tend to anthropomor-
phize virtual characters by projecting their own emotional
states [18]. Although simulations of human-like emotions
can be rendered in ways that look realistic, there is always
the risk of psychological rejection when users notice discrep-
ancies with their own expectations of human-like interac-
tions, a phenomenon known as the “uncanny valley” [15].
Therefore, the behavioral design of virtual characters should
compromise between displaying human-like emotions at a
level that is sufficient enough to trigger emotional responses
and life-like behavior in a ultra-realistic virtual scene, which
may induce a negative response from the user [17]. In this
paper, we propose an application and user interface in which
the user, a psychologist, searches for the optimum balance
between the two when manipulating a cartoon-like character
for the benefit of hospitalized children; see Fig. 1.
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2 RELATED WORK

Since cartoon-like characters that display emotions trigger
more responses in humans than those without an emotional/
behavioral component, it is important to convey emotion
effectively. From the wide literature available on this topic,
we identified two references useful to us. The first one, the
Hierarchical Model of Affect (HMA) [10], decomposes human
emotions into three layers (see Fig. 2a):

(1) Emotions are short-term human affects that last for a
short time, after which they vanish from perception.

(2) Moods are negative or positive medium-term affects
that are conveyed by the underlying emotions.

(3) Personality is a long-term affect produced by the dom-
inant moods over a longer time period.

This model is useful to understand how to assign moods
or a personality to a virtual character, but does not specify
which of the emotions are basic affects. To address the latter
aspect, we use the Arousal-Valence model [18] that projects
emotions on two dimensions (Fig. 2b): arousal shows how
exciting an emotion is and valence how positive it is.

Gesture-based User Interfaces

Since our virtual character is controlled by means of ges-
ture input, we overview in the following aspects regarding
gesture-based interaction. A flick is represented by a quick
stroke in a specified direction: e.g., a left flick to delete an
item from a list, flicks up and down to scroll a list of items,
and diagonal flicks are used to indicate targets [5, 7]. When
successive flicks are combined, they form unistrokes, such
as the gestures used in marking menus [26]. Zhao & Chignell
[26] demonstrated how a suite of flicks can form a marking
menu, e.g., a Chinese style glyph, which positively influenced
user performance for item selection tasks. The visual appear-
ance of marking menus assists with their navigation, while
the grouping and categorization of menu items according
to their visual salience increases remembrance. In most ap-
plications involving stroke-gesture input, gesture templates
are employed for classification purposes [5, 7, 21, 25, 25].
However, the same gesture type can be articulated in vari-
ous ways in terms of its location inside the active sensing
area, its size, orientation, and so on [2, 20]. Independence of
gesture recognizers with respect to such articulation details
offers great input flexibility for end users [19, 20]. Integrating
pen-gestures in graphical user interfaces can be achieved in
different ways, such as by package, toolkit, or API [4].

Digital Puppetry

Gestures have been considered for manipulating virtual pup-
pets. For example, EucLIDE [6] exploited a combination of
multiple devices (data glove, MIDI music board, keyboard,
and mouse) for the multimodal control of a puppet in VR.
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Barrientos [3] developed an application to transfer gestu-
ral attitudes to an avatar; the avatar behaved like a virtual
puppet manipulated by strings and the system tracked the
motion gestures of the user and projected them onto the
avatar. Oshita [17] developed a human-like virtual character
with expressions controlled by the pressure and tilt specified
with an interactive pen: the character could walk, run, and
turn along a specified trajectory according to the speed of
the movement induced on the pen.

The Virtual Puppetry system [14] deployed computer-
assisted storytelling systems by exploiting motion sensing
and gesture control to enable multiple users to narrate and
interact with virtual characters in the VR scene. The Virtual
Marionette [12] was a study on digital puppetry taking the
form of an interdisciplinary approach that brought together
the art of puppetry and digital animation. In the Mani-Pull-
Action system [13], Leap Motion was used to acquire 3-D
gestures performed with the hand to control a cinematic in-
teractive application inspired by the art of marionettes [24].
This setup mimics the genuine gestures performed by an
artist manipulating a real puppet, leaving the hands and fin-
gers free over the Leap Motion, thus representing probably
the best match between the reality and the virtual environ-
ment for such an artist. Without entering into this level of
sophistication, other devices, such as ring devices [9], could
be explored to add the third dimension.

3 CONTEXT OF USE OF OUR APPLICATION FOR
HOSPITALIZED CHILDREN

The context of use envisioned in this paper for our applica-
tion concerns the pediatrics departments of hospitals, where
children undergo operations that may cause trauma. Our
hypothesis is that children will freely and frankly talk to a
virtual character in order to share with it their pains, concerns,
and worries [11]. From a remote location (see Fig. 1), a psy-
chologist initiates the discussion with the child with a voice
that is altered (to resemble the voice that the virtual charac-
ter would have) and operates the virtual character (taking
in our case the form of a kind extraterrestrial being, cho-
sen to avoid too much anthropomorphism) displayed on the
TV set available in the child’s hospital room [11]. Equipped
with a headset, a graphic tablet, and a stylus (Fig. 1, left),
the psychologist-animator can see the child’s reactions at all
times through a live video feed. The conversation is imple-
mented via animations of the virtual character (whose lip
movements are synchronized with the voice of the animator),
a microphone, and an animation widget control panel from
the user interface available to the psychologist-animator.
The latter permits a wide range of expressions, attitudes, and
emotions for the virtual character to display [11].
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Figure 2: The Hierarchical Model of Affect over time [10], the Arousal-Valence plane [18], and the resulting emotion palette.
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Figure 3: The animation control panel showing various emotional states that can be displayed by the virtual character.

4 A PEN-GESTURE USER INTERFACE FOR
VIRTUAL PUPPET CONTROL

Fig. 3 shows a screenshot of the animation panel for control-
ling the virtual puppet (also shown in Fig. 1 from the first
page). The user interface is composed of several interaction
units: at the top, the background selection panel that sets
the context for the virtual character (e.g., in the bedroom, on
a planet, inside a spatial vessel); the video camera selection

panel (left) selects the hospital room and a video camera
from that room; the emotion palette to convey the emotions
of the virtual characters via pen gestures; and a motion panel
to specify limb movements (e.g., the virtual puppet raises its
hand), and predefined animations (e.g., applaud, laugh, run).
A rendering of the virtual character is shown in the top-left
panel for the animator. To control the virtual character, the
animator can employ the following palette of gestures.
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Zero-D gestures are represented by single taps by which
the animator selects an emotion from the emotion palette
(Fig. 3). The emotions were inspired from Fig. 2 by arranging
them in a circular pattern, as follows: North (N) is happy,
North-East (NE) is thinking, East (E) teasing, South-East (SE)
scared, South (S) sad, South-West (SW) angry, West (W) crazy,
and North-West (NW) is surprised. A tap performed in the
central area of the palette returns the virtual character to
its emotion-neutral state. While the animator is speaking,
the virtual character shows lip movements that correspond
to vowels. When an emotion is selected, a small pause be-
tween utterances inserts the specified emotion. Repeating
a tap stresses the emotion displayed between consecutive
utterances. A tap performed with more pressure maintains
the emotional state for a prolonged time duration and with
more emphasis. Taps are also used to specify the background
of the virtual scene (Fig. 1, top left). Predefined animations
of the virtual character, e.g., applaud, walk, jump, open arms,
close hands, are also executed by taps performed in distinct
regions of the user interface.

1-D gestures are represented by simple flicks with vari-
ous orientations that enable the animator to convey a partic-
ular emotion from the palette by ensuring smooth transition
from the neutral state to that emotion. Since the palette has
zones that can be crossed, the principles of crossing-based
user interfaces [1] are used: as soon as the flick enters one
zone, the corresponding emotion is produced. Emotions are
dependent on the gesture speed and pressure controlled by
the psychologist-animator: transitioning from the neutral
state to an emotion zone determines the speed of the ani-
mated transition between the states of the virtual character,
while the exerted pressure (with three distinct states) con-
trols the intensity of the emotion displayed. The faster the
flick gesture, the shorter the animated transition between
states. The more pressure exerted, the more emphasized the
emotion is. Combining speed and pressure results in a large
number of options for the psychologist-animator. For exam-
ple, the animator can depict a short “angry” state followed
by a long “happy” one before returning to neutral.

2-D gestures are geometrical shapes exploiting the full
surface of the emotion palette (Fig. 4). Gestures that render
emotions (see gesture category no. 1 in Fig. 4) start from the
neutral zone in the direction of any of the emotional states
from the circular palette. The virtual character stays in the
specified emotional state until further commands are per-
formed. To change the emotion, the animator either selects
another emotion directly (by tapping on it) or performs a
gesture toward the new emotion (by means of a unistroke:
see gesture examples no. 3 and 4 from Fig. 4). Gestures that
start from the neutral zone, enter into an emotion zone, and
then return to neutral (category no. 2 in Fig. 4) convey a
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particular emotion whose duration and intensity are reg-
ulated by gesture speed and pressure. These gestures are
intended to convey a transient emotion, such as being aston-
ished, angry, or sad. When the virtual character remains in a
particular emotion zone, e.g., “happy,” an emotion-transition
gesture (category no. 3 in Fig. 4) can be performed that starts
from the current emotional zone (“happy”), traverses the
central zone (“neutral”), and then enters another emotion
(e.g., “sad”). The speed of the gesture determines the speed
of the animated transition. Unlike the gestures that spec-
ify emotional states directly, a smooth transition is ensured
in this case. An emotion-transition gesture can be vertical
(see gesture category no. 3 in Fig. 4) or horizontal (no. 6
in Fig. 4). Adjacent gestures represent a particular type of
emotion-transition: instead of considering a target emotion,
the adjacent emotion, either in the clockwise or counterclock-
wise direction (categories no. 5 and 6 in Fig. 4), is selected
without passing through the neutral zone. Since there is no
return to neutral, the transition between the two emotions
is applied directly. Repeated adjacent gestures (categories
no. 7 and 8 in Fig. 4) transition more than one adjacent emo-
tional zone. For instance, a gesture can start from “happy,” go
through “surprised,” and finish with “happy” again, enabling
the psychologist-animator to create complex emotions.

Gesture speed was computed as the magnitude of the in-
stant velocity between uniformly sampled points (isochronic-
ity [19]). Linear gestures were recognized by computing the
orientation of the flicks from one of the eight possible direc-
tions [7]. The gestures illustrated in Fig. 4 were implemented
as unistrokes. Multistroke gestures were also recognized by
turning them into unistrokes when the duration between
their component strokes was under a threshold.

5 TOWARD AN EVALUATION OF THE
APPLICATION FOR VIRTUAL PUPPET CONTROL
AND HOSPITALIZED CHILDREN

It was not our goal in this work to perform a thorough eval-
uation of the user interface, but we rather focused on the
technical engineering aspects of our application. Prior work
has showed encouraging preliminary results for conveying
emotions via cartoon-like characters [18] for the specific
context of pediatric departments [8, 11], which is also our
context of use. In this section, we briefly present preliminary
evaluation aspects for our application:

e The cartoon-like character elicited curiosity, interest,
and enthusiasm. Children became progressively at-
tached to the virtual character to the point that some
actually stole the TV remote control when they left
the hospital, believing that the virtual character would
be present on their TV set as well.
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Figure 4: The gesture set used in this work to specify and control the emotions displayed by the virtual character.

Figure 5: A dragon virtual puppet may exhibit different be-
havior and emotions compared to a human-like character.

o The virtual character played the role of a social media-
tor between children and adults, e.g., their parents, the
psychologist, medical personnel, etc.

o The relationship established between children with
the virtual character reduced the children’s stress, es-
pecially in critical conditions after surgical operations,
and improved the children’s perceptions of pain.

o By distracting children from the context of a hospital
environment and from their own illness and by chang-
ing their moods, the virtual character made possible
and facilitated medical acts which were regularly per-
ceived as painful by children or difficult to perform on
children by the medical personnel.

6 CONCLUSION AND FUTURE WORK

We presented an application and gesture-based user interface
for expressing human-like emotions conveyed by a virtual
character. We designed three classes of gestures to depict

individual emotions and transitions between multiple emo-
tional states. Future work will address evaluations of our
gesture set as well as of the user experience of our applica-
tion. The set of gestures designed for this work is based on
a simplified version of the Arousal-Valence model. We did
not apply standard methodology for user-defined gestures
[22, 23] to inform our set of gesture commands, but rather
designed the gestures to enable fluid transitions between
various emotional states arranged in a circular pattern.

Future work will also look at incorporating a larger set of
emotions, but without increasing considerably the number
of gesture commands to display them. While some of the
gestures that could be designed for this purpose might be
transferred from other contexts of use [20] (e.g., gestures for
smooth transitions between emotional states and gestures
showing variations in speed and pressure), user studies and
experiments to evaluate the opportunity of this design option
are needed.

Finally, only individual moods are conveyed through our
user interface, but the ways in which they could be combined
to render more complex aspects of the personality of the
virtual character, according to the Hierarchical Model of
Affect (Fig. 2), represent interesting directions for future
work as well. For example, different moods and personalities
could be attributed to different virtual characters, e.g., the
dragon shown in Fig. 5 may exhibit behavior and emotions
that are different from those of a human-like character.
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