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ABSTRACT

The design of affective interfaces introduces new
challenges for their assessment. New methods and tools
have to be developed, taking into account the emotional
dimension of Computer-Human Interactions. This paper
presents the tool AMUSE that allows to conduct such
evaluations by collecting and aggregating different sources
of data including user's eye gaze and physiological data.
Some results of an experiment on simulated Embodied
Conversational Agents (ECAs) are briefly presented as an
illustration of the new possibilities of investigation brought
by AMUSE.
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INTRODUCTION

On growing competitive markets where more and more
products and services are proposed for roughly equivalent
prices, the conditions of their successful adoption by
customers do not lie any more only on their utility and
usability, but also on the pleasure they give [6]. The
"affective design" of "pleasurable products and services"
(see the special issue on this topic in [4]) has become a
focus of many companies aiming at incorporating the
emotional dimension in their design process.

This evolution of design opens new methodological
questions for the evaluation of users' perceptions and
reactions to these products and services. Indeed, up to now,
user tests conducted during the design process were mainly
dedicated to assessing the perceived quality and the
ergonomics of the product or service under study. Today,
new methods and tools are emerging as first answers to the
need for assessing the emotional dimension of interactions
between users and products or services. As human
emotional processes are linked to perception, cognition and
action, those methods and tools inherit from a wide range of
existing ones, mainly coming from (electro- and neuro-)
physiology,  psychophysics,  psychology, cognitive
ergonomics, linguistics, communication, marketing and
sociology. Some proposed methods and tools record
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instantaneous signals from the user (skin conductance, heart
rate, facial mimics, gesture, voice) during the test and
require signal processing for further analysis [10]. In that
case, the focus is put on user's instantaneous emotional
reactions, but nothing is known on his/her own perception
of his/her emotional state. Other methods and tools directly
ask the user to conduct an a posteriori self-assessment of
the emotion he/she experienced during the test by using
questionnaires (e.g., [8]) or pictorial representations of
him/her-self (e.g., Self-Assessment Manikin from [7];
PrEmo from [3]). Here, the focus is put on the user's own
opinion which might be richer than the signs he/she emitted
during the test, but one can only access this opinion through
the filter of memory and language or graphics. For a
thorough understanding of users' emotional reactions during
a test, it might then certainly be beneficial to combine both
instantaneous and a posteriori methods.

When instantaneous signals are recorded during a test, the
first major issue lies in the synchronization and fusion of all
possible sources of information. Indeed, -electro-
physiologic, video, audio or any other sensors may work at
different sample rate and provide data of different formats.
These data need to be combined in one global matrix for
further processing and statistical analysis. The second major
issue rests with the amount of collected data to be analyzed.
For example, if one uses six sensors working at a mean
sample rate of 10 Hz (one scalar data captured every 100
ms), a 30-min test will result in six vectors of 18000 scalar
values each to jointly analyze. For an efficient analysis, it is
therefore crucial to furnish tools to the experimenter that
allow a simple and comprehensive visual representation of
all of these data.

This paper presents a tool call AMUSE that was developed
at France Telecom's R&D lab for conducting evaluations of
affective interfaces proposed on Personal Computers (PCs).
This tool offers the possibility to record and synchronize
signals from eight electro-physiologic sensors, an eye-
tracker, a mouse and keyboard tracker, windows displayed
on the computer, a video of the user and to mark any event
of interest for the experimenter. A visual display of the
recorded data in a "replay mode" allows the experimenter to
subsequently conduct a refined analysis of the test progress.
A brief example of use of AMUSE in a test on simulated
ECAs will be also presented.



DESCRIPTION OF THE TOOL AMUSE

Equipment and collected data

AMUSE is made up of three PCs: a server, a PC dedicated
to the eye-tracker and a client used by the user participating
to the test. The server is dedicated to the creation of the test
and to data collection. The eye-tracker PC collects the data
of the eye-tracking. The client records data of the
interaction with the user. All PCs are connected within a
local network through a TCP/IP protocol. AMUSE is
designed in a modular way. Four modules allow to
collecting, synchronizing and merging four categories of
data.

Data concerning the user’s eye gaze on a computer screen

AMUSE enables the experimenter to follow without
interruption a user’s eye gaze in a non intrusive manner by
using an eye-tracker. Several data can be analysed such as:
gaze position, fixation number, fixation duration, repeat
fixations, search patterns, etc. From these data potential
cognitive measures can be inferred, for example, difficulty,
attention, stress, relaxation, successful problem solving,
higher level of reading skill [13].

Data concerning the interaction with a PC interface

AMUSE automatically collects events characterizing user's
interaction with a system for example when surfing on a
Web site or when using any Windows® application. These
events are mouse clicks, struck keys, new URLs or
windows opened, etc.

Data concerning user's activity

AMUSE enables the experimenter to code and to capture in
real time data linked to user’s activity (for example, speech,
gestures). Activity is defined as events (single event, like
coughing for 2 sec) or durations (with a start and a stop
event, like consulting an online help for 30 sec) which are
assigned to keys of the keyboard of the server. During the
test, the experiment hits the keys he has previously assigned
to events or durations which results in marks that are
synchronized with other data.

Physiological data

AMUSE enables the experimenter to continuously measure
physiological signals. Those signals give various
information on user's emotional state, allowing to measure
arousal and valence of felt emotions when used and
analyzed appropriately [10]. AMUSE integrates the
ProComp system from Thought Technology Ltd [11]. Up to
eight sensors can be used: electromyography (EMG),
electroencephalography (EEQG), electrocardiography (ECG),
blood volume pulse, heart rate, respiration, skin temperature
and skin conductance (SC). The sensor information is
digitally sampled. The resulting information is sent to the
computer via a fibber-optic cable.

Moreover, AMUSE enables the experimenter to record a
digital video of the test progress and to synchronize it with
all the other recorded data.

Modes and functionalities

AMUSE functions through three different modes. The first
one is dedicated to the preparation of the test. In this mode,
the experimenter defines the equipments to be used (eye-
tracker, mouse and keyboard tracker, electro-physiologic
sensors) and the events and durations to be recorded. The
second mode concerns the running of the test and the
recording of the data. In this mode, the user is asked to
achieve a given scenario, like in a classic ergonomic user
test. All recorded data are saved to an Excel® file for
further statistical analysis. Figure 1 gives an illustration of
such a test where the electro-physiologic sensors used were
the skin conductance (left hand) and the electromyography
(right hand) ones. The eye-tracker video camera can be seen
below the PC's screen. The third mode permits to replay the
collected data after the test.

Fioure 1. A user testino a web site with AMUSE.

Screens that have been seen by the user, his/her eye gaze,
his/her physiological data, the moves of the mouse, keys
struck on the keyboard, events and durations entered by the
experimenter during the test can be visualized at the same
time. Combined with the synchronized video recording of
the test, this replay enables the experimenter to achieve
precise and exhaustive analyses of collected data.

Figure 2 is a sample screenshot of the replay mode of
AMUSE. First of all, the time progress of the replay mode
can seen at the bottom of the screenshot (in the rectangle)
or by following the progression of the grey bar from left to
right in frame 4 (see arrow). The upper frame (frame 1) is a
copy of the screen seen by the user at any instant of the test.
Inside this frame, two icons appear (in the circle): one eye
and one cursor, which symbolize user's eye gaze and mouse
cursor during the test. In the replay mode, these two icons
exactly reproduce the user's eye and mouse movements as
recorded during the test. Each new window seen by the user
during the test is immediately refreshed in frame 4 at the
equivalent instant in the replay mode. Frame 2 and frame 4
show the markers of events and durations inserted by the
experiment during the test. In frame 2, they appear as



textual (which event/duration) and time (when) information
whereas in frame 4, they appear as graphic information
(vertical bars for events and horizontal bars for durations).
Additionally, struck keys of the keyboard appear on frame
2. Frame 3 shows the recorded electro-physiologic signals.
In this test, electromyography of the right hand (upper
curve) and skin conductance (lower curve) signals were
recorded.
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Figure 2. A screenshot of the renlav mode.

The combination of the information on these four frames
allows the experimenter to precisely analyze any sequence
of the test. For example, user's eye gazes can be jointly
analyzed with his/her skin conductance, in order to explore
whether looking at some specific information, graphics or
images increases his/her stress.

AN APPLICATION: TEST OF ECAS

Considering the ongoing progresses of natural-language
dialogue  technology and of wvirtual characters
representation, several researchers stand up for the fact that
ECAs represent a promising mean for proposing easier and
more natural human-machine interactions (e.g., [2]).
Additionally, interaction with ECAs appears to be a
paradigm where emotion recognition and expression could
be most logically studied since it represents one of the most
anthropomorphic man-machine interactions up to date [1].

One of the parameters controlling the naturalness and the
expressivity of ECAs is synthetic speech. Although the
variability of associations between faces and synthetic
voices is known to influence users' perception of the quality
and coherence of talking faces [9], nothing is known on the
influence of synthetic speech on users' emotional reactions
to ECAs. In order to illustrate some of the possibilities of
AMUSE, we will here present briefly an experiment using
this tool and aiming at studying the emotional reaction of
adults and teenagers to an ECA within the context of a
theatre play game.

Methodology

The game proposed to users introduces a virtual theater
partner (the simulated ECA) which can play opposite to the
user who is asked to learn a scene of the play "Le Petit
Prince", from Antoine de St Exupery [12]. The interaction
uses the Wizard of Oz methodology, in the sense that users
think they are really interacting by voice with a virtual
character, whereas the reactions of the character are in fact
controlled in real time by a hidden experimenter.

The test consisted in three sessions of approximately 2
minutes each where each user had to play the character of
"the little prince", while the character of "the business man"
was played by the ECA. In each session, the ECA had a
different voice: two synthetic ones of different qualities
(high and low quality), and a natural one. Audiovisual
sequences were pre-treated (for speech-lip movements
synchrony) prior to the test and stored on a PC. During a
given session, the user had to play his part and the ECA
automatically played his own at the correct rhythm as if a
speech recognition and a dialogic model were used. Figure
3 gives a screenshot of what users saw on the PC's screen
during the test. Each of the three paragraphs consisted in
one of the three sessions.
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Figure 3. A screenshot of the screen seen by user
during the test.

During this test, AMUSE was used to record user's skin
conductance and eye gaze. After each session, users were
asked to describe the emotional state they experienced by
interacting with the ECA by using the PrEmo character grid
[3]. Additionally, audiovisual recordings of users were
made during the tests in order to achieve further analyzes of
facial mimics and voice intonations during their interactions
with the ECA. Nine adults and four teenagers participated
to this test.

Some results

Considering that this experiment is only presented as an
example of use of AMUSE, only a few results illustrating
the possibilities of AMUSE will be presented here. Figure 4
shows the percentage of time of the eye gaze in the two
zones of interest of the screen (zone of the ECA and zone of



text) for each condition: for natural voice, synthetic voice of
low quality and synthetic voice of high quality. A
significant interaction Voice x Zone can be observed
(F(2,24)=6.28, p<0.01), showing that users spent
significantly less time looking at the ECA when his voice
was a synthetic low-quality one. It seems that users more
focused their attention on the text when the ECA was of
low quality, therefore being poorly attractive.

Interaction Voice x Zone for the percentage of time in the zone
F(2, 24)-6,6281, p=,00511
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Figure 4. Percentage of time of the eye gaze in the two zones
of the screen.

By crossing eye gaze and electro-physiologic data, AMUSE
allows to analyse the values of the mean of the skin
conductance signals when the eye gaze are in a given zone
of the screen. Such an analysis was conducted for the text
and the ECA zones of the screen, for the three voice
conditions, and showed that there were no significant
differences between zones and between voices
(F(2,24)=0.99 p=0.39). Therefore, although voice quality
seems to have an effect on users' eye gaze (driving user's
attention on the screen), it seems to have no effect on their
emotional reaction as measured by skin conductance. The
analysis of the PreMo answers confirmed this finding.

CONCLUSION

AMUSE is an innovative tool that enables experimenters to
gather subjective and objective data about the behavior of a
user. Beyond the help it brings to conduct classic
ergonomic user tests of Computer-Human Interfaces, it
allows to evaluate their affective dimension, notably by
analyzing in parallel several sources of information, such as
eye gaze and electro-physiologic signals. = However,
AMUSE is focused on the instantaneous reaction and
behavior of users during tests and its use has to be
completed by a posteriori evaluations such as self-
assessments methods, questionnaires or interviews in order
to get the full picture of the ergonomic and affective
evaluation of new interfaces.
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