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Abstract: - Inferring the user’s approval of a graphical interface with non-invasive devices can be effective
in improving its design and in implementing adaptive pleasant interactions. This paper investigates how 3
common physiological signals, i.e. skin conductance, heart rate and respiration, can be exploited to infer users’
approval of an online avatar embedded in a health care Website. A between group experiment is performed
with participants who have the avatar support and participants who do not. During the experiment, skin
conductance, hearth rate and respiration were monitored, together with traditional usability metrics (visited
pages, completion times, errors, etc). At the end of each experiment, a feedback questionnaire is proposed to
infer information related to the user experience, ease of use and approval. Results indicate that the respiration
overshoot rate is closely related to the users’ appreciation of the avatar based interaction. Further steps of our
research will consider improvements in the results by investigating and exploiting mutual effects induced by
the multiple collected signals.

Keywords: Smart Interfaces, Human-Computer Interaction, Usability Assessment, Physiology, GSR, HRV,
respiration.

1 Introduction users' emotional response ([4], [6], [7], [8]. [9]. [10],
Ensuring a pleasant interaction is a key factor to [11]) as well as on relating emotions to usability
ensure usability, that 1ISO standard 9241-11 [1], in measures  [12], [13], generally in specific
the Ergonomic requirements for office work with applications contexts [14], the opportunities offered
visual display terminals, defines as “the extent to by physiological signals elaboration are now
which a product can be used by specified users to mcrease_d, due the evo_lutlon of sensors and 5|g_nal
achieve specified goals with effectiveness, processing  technologies [14]. = Such evolution
efficiency and satisfaction in a specified context of permits to have cheaper and less intrusive sensors in
use”. The satisfaction aspects indicate qualitatively systems with more powerful processing and
how pleasant is to use the design [2], and they are knowledge discovery power. In this way, it is
usually assessed indirectly through feedbacks from possible to apply such techniques to the framework
the users [3]. Physiological signals can be used to of developing and using general purpose, every-day
infer emotions, and they can be used to have a more life interactive applications [14, 15].

objective measure of the user satisfaction while . o ] ]
interacting with a computer [4], [13]. Succeeding in In this paper, we explore the feasibility of mferr!ng
tracking, via physiological signals, the enjoyment or the approval level of users when they are navigating
the negative impact of a graphical interface may on a Web system, through three physiological
constitute a mean to deliver better human-computer signals: Galvanic Skin Response (GSR), Heart Rate
interactions. This can be achieved at design time, by Variability (HRV) and Respiration (Figure 1). These
improving the design of the interface [5], [56] but '_[hree_physmloglcal signals can be measured_ little
also in real-time, defining interfaces that adapt invasively, have rather cheap sensors, and in the
themselves to the measured affective state of the years proved effective to detect lies [16] and in
user [6]. emotion states recognition [11]. As a test case, we
While different works have focused on the choose a web site for the online reservation of
usefulness of physiological acquisitions to state clinical exams, with an helping system enriched

with avatar support. The avatar has been added as
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neurophysiologic studies have proven that face-to-
face interactions stimulate human attention [17],
[18], [19], and anthropomorphic agents like avatars
have a positive influence on users [20], [21], also by
increasing positive arousal [22].

Two prototypal Websites were developed, with and
without the avatar, and a between two groups
experiment was performed. During the experiment,
the three physiological signals were collected, as
well as a post experiment questionnaire was
performed to evaluate users’ satisfaction and
approval. Results indicate that the respiration
overshoots rate (stronger inspirations) has a
statistical significant correlation with the degree of
approval stated by the participants in the post
experiment questionnaire. These finding indicates
that, in our test case, such physiological measure
can be exploited to infer a usability feature, and
eventually utilized to develop an adaptive system.
Future works will enforce the results by adopting
multiple inputs (channels) classifiers [11], with the
aim of investigating the mutual effects induced by
the collected signals.

2 Related Work

In recent years, tests to infer the user experience
have been largely based on subjective feedback
collected by means of surveys and questionnaires
[3], [40], [41], [57], [61]. With the purpose to have a
more direct assessment of the users’ experience,
psychophysiology (an area of psychology that
measures the individual's physiological responses to
infer psychological state and emotions) and
affective computing, emerged as alternative
approaches for assessing the users’ experience and
achieving better human-computer interactions [4],
[5], [6], [13], [42]. A general framework for
achieving such goal can be described as follow [6],
[9], [38]: psychophysiology related data (such as
facial expressions [43], voice [44], body gestures
[45], eye gaze [46], [60] as well as physiological
signals [47], [48]), are acquired via a set of sensors;
for each of these measures, one or more features are
analyzed to derive meaningful information
(essential, to correlate them to emotions) and refined
metrics. These metrics are interpreted and can be
exploited for two purposes: to adapt the system
interface in real time [38], [39] or to infer usability
issues in the design of a system interface [5].

For what concerns previously related works, they
can be grouped in i) studies concerning the adoption
of physiological signals for investigating emotions
of users while interacting with computer systems
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and ii) studies concerning the identification of
whether and which physiological signals can be
correlated to conventional or new usability metrics.

As for the first group, the seminal works by Picard
[4], [10] present fundamental theories and methods
for affective computing, while the study by Kim &
André [6] investigates the potential of physiological
signals as reliable channel for emotion recognition.

It shows how some physiological signals
(electromyogram, electrocardiogram, skin
conductivity, and respiration changes) and

classifiers can be utilized to recognize music
appreciation. [8] utilizes video clips and Hearth Rate
variability and Galvanic Skin Response to
individuate user emotion via neural network,
highlighting the difficulties in obtaining stable data.
In [9], via a slide show, it was successful
investigated if and how GSR, heart rate and
temperature were successful in individuating users
emotional state. [11] explores the use of GSR, HRV,
and respiration for induced negative emotions
recognitions, in an experiment constituted by a
shock test, where users hear a loud voice and then a
main experiment concerning series of questions.
[52] finds that cardiorespiratory activity can be
utilized to recognize basic emotion (fear, anger,
sadness and happiness).

For what concerns studies focused on usability
assessment, Phukan [12] investigates, in an
exploratory study, whether and how physiological
signals can support the assessment of the user
experience, with participants viewing a variety of
media. [13] try to correlate GSR and heart rate to
the game play experience, in first person shooter
games. Results indicate a significant correlation
between psychophysiological arousal and the self-

reported gameplay experience. [14] presents
opportunities and  feasibility in  applying
neurophysiologic analysis methods, based on
electroencephalography  (EEG), for usability

evaluation. They focused on reading and readability
and succeeded in discrimination the reading activity
(silent, attentive and continuous) and the
verification of the decreased readability, associated
with the user’s increased mental workload. [25]
finds evidence that with a decrease of user’s task
performance level in a video game, the GSR
increases. [50] highlights that the visual complexity
of web sites has effect on physiology and user’s
experience. They sense GSR, HR, and EMG (i.e.
Electromyography activity of the musculus
corrugator supercilii), and show that the increased
visual complexity of websites is related to an
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increased level of arousal measured via GSR, a
decreased heart rate, and increased facial muscle
tension. Besides it determines increased reaction
times that were related to increases in heart rate and
electrodermal activity. They conclude that the
increased visual complexity of web sites has a
detrimental cognitive and emotional impact on
users. Haapalainen et al. [51] find that features in
the ECG and heat flux help in distinguishing
between low and high levels of users’ cognitive
load, useful in the context of ubiquitous computing
applications, to determine when or whether interrupt
an user. [53], in the field of adaptive game, shows
that GSR positively and significantly correlates with
negative game events (frustration events) and
continuous failures during game playing can trigger
distress (negative stress), which may be detected by
combining GSR and heart rate signals.

An important class of interactive systems is
represented by Web systems, due to their diffusion
and their utilization in everyday life, thanks also to
the advent of mobile devices [58] and the porting of
many conventional applications to web based
interfaces [49], [57]. Usability is a major driver in
the design of such systems, because of their wide
adoption in many non-classical domains (e.g.: e-
government, e-health, telemedicine), and people
with different skills and of different ages are
supposed to use such systems [54], [55], [57], [58],
[59], [63]. Understanding and characterizing the
behaviors and the reactions of users when utilizing
such systems is relevant to derive design guidelines
and test Web systems usability, so findings and
methodologies of psychophysiology for human-
computer interaction can also be applied to the Web
domain. In particular, there is the need for specific
experiments that verify if and how research findings
can be applied to the Web. Following this path, [50]
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investigates the effects of visual complexity of Web
sitess on physiology; Ward & Marsden [56]
positively investigated a correlation between badly-
and well-designed Websites, and physiological
signals (skin conductance, heart rate and finger
blood volume). Foglia et al. [22] sensed GSR to
have a preliminary assessment of users’ cognitive
reactions to avatar-based interactions with Public
Administration Websites. In this paper, we try to
extend such results, by exploring the feasibility of
inferring the approval level of users when they are
navigating on a Web system.

3 Physiological signals

In our study we considered 3 physiological signal:
GSR, HRV and respiration. These three
physiological signals can be measured little
invasively, have rather cheap sensors, and in the
years proved effective in emotion states recognition
[11].

The GSR is a measure of human skin conductivity,
it is affected when the sympathetic nervous system
is active [23], [4] and its use in psychiatric
evaluations was early documented by Jung [24]. It
represents a good measure of arousal, and its
relationship to usability aspects was described in
[25], while its relationship to the cognitive workload
was shown in [37]. Previous studies [7], [25], [4]
indicated that the GSR can be an indicator of
arousal/emotional response, but also an indicator of
stress/anxiety. [22] showed that, in a system similar
to the one studied in this paper, discriminating
among the two classes of emotions is difficult by
only looking at the GSR signal.
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Fig. 1: Physiological signals as gathered by the acquisition system: the Galvanic Skin Response (top),
Respiration (middle), and Heart Rate (bottom).
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The HRV describes the heart activity when the
autonomic nervous system attempts to tackle with
the human body demands depending on the stimuli
received [11]. In our experiments, the signal was
acquired using three pre-gelled disposable
electrodes [26], according to the methodology of
[27]. Many studies have been performed about HRV
and emotions. Phukan [12] reports a study on
images perception, with heart rate being
“significantly higher for pleasant and neutral
pictures. Unpleasant pictures lead to larger heart
rate decelerations”. Other studies, like [8], describe
as well how heart rate variability can be considered
a good measure of stress and relaxation degree.

We also collected the respiration signal using a
velcro stripe and a piezo sensor, with the sensor
mounted on the stripe tightened to users’ chest. The
sympathetic nerve activity has an indirect effect on
it [28], and findings by Kim & André [6] have
shown that an increasing respiration rate implies a
high arousal (joy, anger), while a decreasing
respiration rate showed to result in a low arousal
(relaxation, bliss).

The aim of our experiments is to investigate whether
features in any of the previous described signals can
be exploited to infer a positive or negative valence
in users’ emotions while navigating in the web site
described in the next session. A general
classification of emotions is reported in Figure 2,
[29], [30], with valence levels on the y-axis, and
arousal levels on the x-axis. Valence defines
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Fig. 2: Emotions classification according to the International Affective Picture System [29], [30]. On the X-
axis emotions differ for arousal intensity, on the Y-axis emotions differ for negative or positive valence.
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whether the emotion is positive and negative, and to
what degree. Arousal defines the intensity of the
emotion, rating from calm (lowest value) to excited
(highest value). In interactive systems, it is
important to infer the valence, and not only the
arousal, of an induced emotion, as it indicates
whether the user is approving the interaction or not.

4 Experiment

4.1 Test case Web site

We set up a Web site for the online reservation of
clinical exams. This test case site was developed in
two versions, one with an embodied avatar and one
without as shown in Figure 3. The avatar was used
to support the users during their navigation and to
help them accomplishing the assigned tasks. During
the execution of the experiment all users' activities
were logged into a database. We followed published
guidelines to make the avatar pronounce text
effectively, and we run the Web site on a multicore
server [31], [32], [33]. The face was animated from
a 2D photograph. Reallusion Crazytalk was used as
morphing software, synchronous with the TTS
voice. The TTS engine was Loguendo TTS.
Crazytalk provides a client-side plugin, so the only
bandwidth overhead for the adopted avatar was the
2D image and the speech to be pronounced.
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Fig. 3: The two versions of the Website. On the top the “personal area” without the avatar; on the bottom the
“reservation area” with the avatar. The avatar is a simple photo animated with morphing software.
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Fig. 4: Usability test procedure with the two groups of users and the two Websites with avatar and without.

E-ISSN: 2224-2872

628

Volume 13, 2014



WSEAS TRANSACTIONS on COMPUTERS

Pierfrancesco Foglia, Michele Zanda

Homepage

Registration
|

Reservation

Profile data
|

Identity

Exam and
facility

E-mail address

Address

Availability
calendar

User profile
data

Logn

Payment
method

I

Payment
data

Reservation
data
sunmary

Fig. 5: Sitemap depicting the three tasks that participants had to complete.

4.2 Procedure

For the experiment 35 participants were recruited.
Their mean age was 25 and their experience degree
with the Internet and computers was intermediate.
All physiological signals were sensed with sensors
hardware and software by BioPac Systems Inc.. At
the beginning of each test, after all sensors are
mounted, users are shown a clip. During such clip
the acquisition sensors are calibrated, adjusting the
zero-level of the GSR, and testing whether the three
mounted sensors (GSR, HRV, respiration) provide
proper signal-to-noise ratios. Sensors are self-
calibrating, but need few warm-up seconds.
Participants were divided into two groups. For the
first group (18 participants) the avatar was
embedded into the test case Web site in order to
support users, while the second group (17
participants) executed the assigned tasks without the
avatar and its extra help: a between two groups
experiment was chosen for not having learning
effects.

Participants were asked to complete three tasks:
registration onto the Website, reservation of a
medical examination, adding an e-mail address in
user’s profile data. In the end, participants were
asked to fill out Likert scales in a questionnaire used
to assess user satisfaction and approval. The sitemap
for these three tasks is depicted in Figure 5.

4.3 Statistical analyses

We tested the statistical significance of experimental
results with the Mann-Whitney test, with linear
correlation and calculating the Pearson’s correlation
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coefficient [62]. We adopted the non-parametric
Mann-Whitney (MW) test to prove the statistical
significance of the results. The MW test calculates a
p value that roughly represents the probability that
the observed difference is due to chance. The p
values standard thresholds are: p<0.01 (highly
significant), p<0.05 (significant), p>0.05 (not
significant).

The linear correlation fitting [62] is a way to prove
that the correspondence between two variables can
be approximated by a linear model (good fitting
typically with p<0.01). The Pearson’s correlation
coefficient instead indicates the degree of
correlation between two variables. So, if they are
significantly related, the Pearson coefficient p is
over the 0.5 value. Instead if they have a low
correlation this coefficient is below 0.5. Negative
values of p indicates inverse correlation.

5 Results

5.1 Non physiological analyses

The avatar presence significantly reduced the
number of visited pages (table 1). Our hypothesis is
that fewer visited pages are related to a better user
experience, in line with [34]. Such reduction of
visited pages is caused by the further information
given by the avatar. Conversely, the task completion
time was not significantly altered (table 1). This
result is easy to interpret: participants listened to the
avatar, and as a consequence their interaction with
the website was not faster. Participants, answering
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the questionnaire, positively rated the avatar. On
average, the effectiveness and the pleasantness were
both rated above 3.9 on a 5-point Likert scale. These
results confirm those obtained in previous works
about Web avatars [21], [22], and confirm the
validity of our experimental settings.

5.2 Analysis of physiological signals with
and without avatar

Physiological signals at large are very subjective
metrics and as such are very hard to be analyzed to
derive robust findings. For this reason, the avatar
effect on the users’ physiological signals was
evaluated by extracting many features out of the
three signals.

In particular, for the Galvanic Skin Response we
considered: mean, standard deviation, power,
overshoot rate, (max-min)/|min|, power spectral
density, same features applying either a high-
selective pass band filter (> 1.5 Hz) or low-selective
filter (<1.5 Hz); in particular, the overshoot rate
represents the number of times the signal exceeds its
standard deviation in one second.

For the respiration, we considered mean, standard
deviation, power, overshoot rate, (max-min)/|min|,
power spectral density, same features applying
either a high-selective pass band filter (> 1.5 Hz) or
low-selective filter (<1.5 Hz).

For the Heart Rate Variability, we considered mean,
standard deviation, energy, power, overshoot (signal
beyond the standard deviation) rate, power spectral
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density, same features applying either a high-
selective pass band filter (> 1.5 Hz) or a low-
selective filter (<1.5 Hz).

To improve the SNR a filtering operation with a
low-selective pass filter (<12.5 Hz) was always
performed for the three signals, as also suggested in
the BioPac manual. The extracted features are
common to other similar studies [35],[36], [5].

We investigated whether the avatar presence caused
significant changes in the users’ signals, comparing
users experiencing the avatar with respect to users
not experiencing the avatar in similar tasks. As
reported in Table 2, the only physiological signal
features out of all the tested ones that presented
significant differences are the “GSR mean”, “GSR
overshoots number”, the “respiration overshoots
rate”, the “heart rate mean”. All these signal features
presented  significant  differences in  users
experiencing the avatar with respect to users not
experiencing the avatar (MW: p<0.05). In line with
previous study on GSR [22] and the other
considered signals [6], [8], such differences are due
to a higher arousal caused by the avatar presence.
However, the arousal level (Figure 2) tells nothing
about the positive or negative valence of the
emotion experienced by the participants.

Table 1: Hypotheses related to traditional Web usability metrics.

Hypothesis Means (or data) p-value Significance
Avatar e_nrlched website provides higher task 18 vs 17 0>0.05 Not Significant
completion rates

Avatar enriched website provides fewer visited pages  23.8 vs 32.9 p=0.03 Significant
Avatar enriched website provides shorter task 4815 vs 4875 00.05 Not Significant

completion times

Table 2: Mann-Whitney significant tests for the features extracted from the measured signals.

Data Hypothesis Mean values p-value Significance
GSR mean Higher in group with AF ~ 0.04 vs 0.01 p<0.05 Significant
GSR number of overshoots ;I\/lgtgir in group with 10.83vs 8.71 p<0.05 Significant
Respiration overshoot rate ;I\/lgtgir in group with 85.11 vs 47.06 p<0.05 Significant
Heart rate (HRV) mean ;lvlgtgir in group with 82.56 vs 71.76 p<0.05 Significant
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Table 3: Mann-Whitney test for overshoot rate.

Data Feature Hypothesis Mean p-value Significance
Higher for
Respiration ~ Overshoot rate approving 0.27 vs 0.05 p<0.01 Significant

participants

Table 4: Linear regression for the respiration overshoot rate and the approval score in the final questionnaire.

Data Feature Hypothesis p-value Significance
Respiration g:\cl)enreShOOt rate - approval  Linear Regression model fitting 0<0.01 Significant

Table 5: The Pearson's correlation coefficient for the tested hypothesis.

Data Feature Hypothesis p-value Significance

Overshoots number correlated

Respiration ~ Overshoot rate with the approval score

p=0.88 Significant

‘ I l User Interface |

B Emaotion B
Sensing identification [ Adaptation |

Fig. 6: General scheme to develop emotion-adaptive user interfaces.

5.3 Assessment of the avatar approval via

physiological signals The further step is trying to quantify the users’
The further step in our analyses is evaluating approval with respect to the avatar presence. For
whether any of the signal features can be considered this reason, the questionnaire answers considered
a metric for identifying the users’ approval of the are _U§9d to calculate an approval score for each
avatar. In our study, following users’ questionnaire participant.

answers concerning the avatar approval, the group Following the Mann-Whitney results for the
of users that experienced the avatar was divided in overshoot rates in respiration, we observed a linear
two groups: one group appreciating the avatar (11 relationship between respiration overshoot rates and
participants), one group not appreciating the avatar approval scores by applying with success a linear
(7 participants). The two groups were identified regression (p<0.01, Table 4).

with the common data mining k-means algorithm

with inputs the answers from the questionnaire. We confirm these results by observing a Pearson’s
Once the two groups of users were identified, we correlation coefficient equal to 0.88 (significant),
investigated whether significant differences could Table 5.

be observed in any of the extracted features while

Comparing the approving users with respect to the Such findings indicate that there is a significant
disapproving ones. According to the statistical correlation between the respiration overshoot rate
analyses, significant differences can be observed and the appreciation of the online interaction with
only in the respiration changes signal, for the feature the avatar, and this can be exploited to infer the
overshoot rates (MW: p<0.01), wherein an avatar approval, as explained in the following
overshoot is signal exceeding the standard section.

deviation. This two feature proved effective in
differentiating between users who appreciate the
avatar and those who do not (Table 3).
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5.4 Applications and limits

From our results, we obtain that the respiration
overshoots rate proved to be a statistical significant
feature to infer a positive valence, the approval
level, when users interact with a Web avatar. In
particular, as there is a linear regression model that
fits with user’s approval, once obtained the
respiration overshoot rate, the regression line can be
applied to such rate to derive user’s approval level.
An indication of positive or negative valence in
users’ emotions can be exploited to improve the
design of the system (in a controlled environment),
or to properly control the avatar, providing greater
or smaller support in line with user’s approval (in an
uncontrolled, every-day environment) [38][39]. In
such a scheme (Figure 6), the user interacts with the
system; in the meanwhile physiological signals
(respiration in our case) are sensed and used to
identify emotions via a classifier. The outputs of
such classifier (a regression line in our findings)
represent a feedback for the computer system, that
can adapt the interface to the user’s affective state
(for instance, by switching off the avatar if the user
iS not approving it).

In this study, following the methodology presented
in [13], we have investigated correlations between a
single feature (out of the many extracted) and the
approval level. As we have available more than one
feature, in future works, we plan to investigate
correlations among multiple features and the
approval level. This can be done by adopting
multiple inputs classifiers [11], for their ability to
capture the mutual effects induced by multiple
inputs. Our aim is to achieve a more robust
classifications, that is needed especially when
working in an every-day scenario.

6 Conclusions

Physiological signals can be used to infer emotions,
and they can permit objective evaluation of the user
satisfaction while she is interacting with a computer.
As a consequence, they can be used to improve the
design of interfaces or to build adaptive pleasant
interactions. In this paper, we have explored the
feasibility of inferring the approval level of users
navigating on a Web system, through three
physiological signals: Galvanic Skin Response,
Heart Rate Variability and Respiration.

Two prototypal web sites for the online reservation
of clinical exams were developed, with and without
an avatar based helping system. The avatar was
chosen as it well known that it improves users’
arousal and satisfaction. The three physiological
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signals were collected during the experiments, as
well as a post experiment questionnaire was
performed to assess users’ satisfaction and approval.
Results confirm that avatar based interaction is
effective in increasing users’ arousal, and show that
the respiration overshoots rate has a statistical
significant correlation with the degree of approval
of the avatar stated by the participants in the post
experiment questionnaire. These finding indicates
that, in our test case, such physiological feature can
be exploited to infer a usability measure, the
approval level, and eventually, it can be utilized to
develop an adaptive interactive system. To achieve a
more robust identification of the measure, in future
works we plan to adopt multiple inputs (channels)
classifiers, for their capability to capture the mutual
effects induced by the multiple collected signals.
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