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a b s t r a c t

Emotion-aware consumer products require reliable, short-term emotion assessment (i.e., unobtrusive,
robust, and lacking calibration). To explore the feasibility of this, an experiment was conducted where
the galvanic skin response (GSR) and three electromyography (EMG) signals (frontalis, corrugator
supercilii, and zygomaticus major) were recorded on 24 participants who watched eight 2-min emotion
inducing film fragments. The unfiltered psychophysiological signals were processed and six statistical
parameters (i.e., mean, absolute deviation, standard deviation, variance, skewness, and kurtosis) were
derived for each 10-s interval of the film fragment. For each physiological signal, skewness and kurtosis
discriminated among affective states, accompanied by other parameters, depending on the signal. The
skewness parameter also showed to indicate mixed emotions. Moreover, a mapping of events in the
fragments on the signals showed the importance of short-term emotion assessment. Hence, this research
identified generic features, denoted important considerations, and illustrated the feasibility of emotion-
aware consumer products.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

There is a growing interest in systems that are aware of user’s
emotions. Such systems find their application in professional or
specialized domains, such as emotional support for autistic persons
(Teeters et al., 2006), stress in ambulance dispatchers (Mulder et al.,
2004), irritation detection to support call center employees (Dev-
illers et al., 2003), as therapy progress indicator for psychologists
(Van den Broek, 2004), or with pilots and airline crews (Trimmel
et al., 2005). In a typical consumer context, however, there is no
explicit task at hand and the main intention is to support a pleasant
everyday life. In such a context, empathic systems can adapt the
conversational dialogue in order to optimize human–product
interaction, can characterize someone’s emotional state for
increased self-awareness or to others for enhanced communica-
tion, or they can adapt the user’s environment to the present mood.

The consumer context poses a number of boundary conditions
that might be different with respect to the professional context
(Chau and Hu, 2001; Wixom and Todd, 2005). A first distinction is
in the accuracy required for emotion detection. Though any
consumer or professional application would preferably comprise
a flawless emotion awareness system, it is likely that every now and
den Broek), joyce.westerink@
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then the emotion detection is incorrect. It is to be expected that
such errors are more detrimental in a professional application than
in a consumer application, since they interfere with the profes-
sional task. In many consumer applications, such a task is often less
prominent or even absent, and the system’s reactions are not
rigidly classified as correct of wrong, but rather as more or less
preferred. Thus, a consumer application is somewhat more resilient
with respect to emotion misclassifications, and most probably
a higher percentage of them will be acceptable.

A second point of difference pertains to the unobtrusiveness of
the application. If one wears a system either for professional use or
to compensate for a certain handicap, one will more easily accept
that the actual use of the system is a hassle (Legris et al., 2003;
Venkatesh, 2000; Wixom and Todd, 2005). For a consumer system,
however, the emotion awareness system should preferably be
unnoticeable to the user, the ultimate perceived ease of use. For
instance, it could work from a distance, such as in speech or video
processing. There, the detection of emotional features in the speech
spectrum or in the facial expression (Cowie et al., 2001; Den Uyl
and Van Kuilenberg, 2005; Van den Broek, 2004) can be done even
without awareness of the user; however, the physical range in
which these systems work is limited. To overcome these range
problems, the system could be worn. Then, it is important that it is
not noticeable to the user on a continuous basis. Another form of
obtrusiveness is when the system needs constant (re-)calibration.
Where a professional application can require regular calibrations in
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order to improve the accuracy of the awareness classifications, this
is not the case for typical consumer use. There, regular baseline-
measurement periods or other explicit calibration actions interfere
with the wish to live everyday life without hassles. Thus, the
algorithms employed for emotion classification should preferably
be self-calibrating, especially in consumer-style applications.

A third issue in emotion-aware systems, both for professionals
and consumers, is time (Legris et al., 2003; Wixom and Todd, 2005).
Some applications work best when they can identify emotions over
a relatively long period of time. For instance, when moods are being
measured they are generally expected to last for hours, and change
only gradually (Russel, 2003). In contrast, in other applications
emotions can vary rapidly and a quick response of the system to
changes in emotion is required. This is especially the case for
applications in the realm of communication. There, emotions might
come up quickly and it is important that the measured emotions are
timely and adequately accommodated to facilitate a natural
continuation of the conversation. Regardless of whether you want
to convey your emotions privately to your partner or publicly
through expressive clothes (Baurley et al., 2007), a broadly time-
averaged signal will hide the intensities and introduce interpreta-
tion delays. Also, if your home-computer or television set is to
detect your frustrations and emotions, and react to it in a soothing
way, this should be done immediately.

Thus, it appears that designing emotion-aware applications is in
fact much like striking a balance: For professional systems, some
obtrusiveness can be accepted, provided that emotion classification
is accurate and timely. For consumer-style systems, the balance is
different: Here unobtrusiveness and timely reactions are prime. But
neither the drive to make such a consumer system unobtrusive,
excluding calibrations, nor that to design the system to react
quickly to emotion changes in small time intervals, will add to the
accuracy of emotion detection. Luckily, there is some leeway: in
consumer-style systems, emotion classification errors probably are
less detrimental. The hope is that the decline in accuracy is within
acceptable limits. The research to be presented in the remainder of
this paper derives from this observation. We want to investigate
whether it is possible to develop a method that captures quick
changes with reasonable accuracy, but does not need a baseline
correction or a personality profile and is noise-resistant.
2. Experimental set-up

The aim of the experiment was to check whether it is at all
possible to capture quick emotional reactions with self-calibrating
algorithms. As a consequence of these time and self-calibration
requirements, we opted for an experiment in which the subjects’
emotions were elicited, using film fragments that are known to be
powerful in eliciting emotions in laboratory settings. We chose
physiological signals that are commonly known to reflect emotions
in the traditional (though not necessarily unobtrusive) way of
baseline-corrected and broadly time-averaged signal processing to
ensure that at least some emotion information was captured.
2.1. Participants

In the experiment, 24 subjects participated (average age 43
years). Twenty of the participants were females, since we expected
clearer facial emotion expressions from them (Kring and Gordon,
1998). As we could not find 4 more females, we replaced them by
men in order to be able to maintain the counterbalancing in the
experiment design. All subjects had been invited from a volunteer
subjects database, and were rewarded with a small gift for their
participation. All subjects signed an informed consent form.
2.2. Equipment and materials

We selected 16 film fragments for their emotional content. Most
were adopted from the set of Gross and Levenson (1995) and are
known to elicit one unique emotion among various viewers:
Silence of the Lambs (198 s), When Harry met Sally (149 s), The
Champ (153 s), Sea of Love (9 s), Cry Freedom (142 s), The Shining
(80 s), Pink Flamingoes (30 s). We used these fragments in English-
spoken versions with Dutch subtitles, as is usual on Dutch TV and in
Dutch cinemas. Since we were not able to find enough material of
Gross and Levenson (1995) with Dutch subtitles of acceptable
quality, we added a number of similar fragments to the set: Jackass
the Movie – paper-cut scene (51 s), Static TV color bars (120 s), The
Bear – intro (120 s), Sweet Home Alabama – wedding scene (121 s),
Tarzan – orchestra scene (133 s), Abstract Shapes – screen saver
(120 s), Lion King – dad’s dead (117 s); Nature documentary (120 s),
Final Destination – side-walk café scene (52 s). Thus the duration of
the 16 film fragments ranged from 9 s to 4 min. For the fragments
with durations shorter than 120 s, a plain blue screen was added to
make a total of 120 s, a minimum duration needed for assessing
both the low and high frequency HRV component (Berntson et al.,
1997). We displayed the film fragments on a large 42 inch 16:9 flat
panel screen attached to the wall. The subjects viewed the frag-
ments from a comfortable chair at a distance of about 2 m.

We used a TMS International Porti5-16/ASD system for the
psychophysiological measurements. The system was connected to
a computer with TMS Portilab software (http://www.tmsi.com/). Its
ground electrode was attached to the subject’s right-hand side
lower chest area. We performed 3 EMG measurements: at the
right-hand corrugator supercilii muscle, the left-hand zygomaticus
major muscle, and the frontalis muscle above the left eye. For each
measurement we placed 2 electrodes along the muscle. The EMG
signals were first high-pass filtered at 20 Hz; then, the signal was
rectified by taking the absolute difference of the two electrodes and
finally it was average filtered with a time constant of 0.2 s. Two
active skin conductivity electrodes were attached to the subject’s
right hand: on the inside distal phalanges of the index and ring
fingers. We calculated skin conductivity from the measured signal
by average filtering with a time constant of about 2 s, thus
capturing galvanic skin response (GSR) signal variations reliably in
first order. ECG was also measured with the intention to investigate
heart rate variability measures, but since the TMS program failed to
actually record the data for many participants, these data were not
analyzed.

2.3. Protocol

After the subject was seated, the electrodes were attached to the
chest, the fingers, and the face. Then, we checked the recording
equipment and adjusted it when necessary. After a 5-min rest
period, the 16 video fragments were presented to the subject in
pseudo-random order, so that positive and negative scenes were
spread evenly over the session. Twelve subjects received that same
pseudo-random order, though each started with a different scene in
the list. The remaining 12 subjects were given the reverse pseudo-
random order, again each starting with a different scene. We pre-
sented a plain blue screen for 120 s between two fragments, to
allow the effects of the previous film fragment to fade out.

The entire viewing session lasted slightly over one hour, after
which we removed the electrodes. Next, the subjects were asked to
answer a few questions regarding each of the film fragments
viewed. We deliberately did not ask these questions directly after
each individual film fragment, since this would direct the partici-
pants’ attention to the questioned items in all subsequent viewings,
which would have given the rest of the viewing session an
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unnatural character. A similarly delayed way of obtaining subjec-
tive judgments was applied by Truong et al. (2008). In order to help
the subjects recall their feelings during the presentation of the film
fragments, they were sequentially provided with representative
print-outs of each fragment. For each film fragment, they were
asked to rate, on a 7-point Likert scale, the intensity of positive
feelings they had had while watching it, as well as the intensity of
negative feelings, as well as the amount of arousal. With these three
axes we expect to include the both axes of Russel’s valence-arousal
model (Russel, 1980), as well as the possibility of mixed emotions
(Cacioppo and Berntson, 1994; Carrera and Oceja, 2007; Konijn and
Hoorn, 2005; Larsen et al., 2001). Because we needed to present
separate scales for positive and negative feelings in order to capture
possible mixed emotions, we could not deploy the Self Assessment
Mannequin (SAM) (Lang, 1995).

3. Data reduction

For each video fragment, we calculated the average positive
rating as well as the average negative rating. Based on these aver-
ages, we could classify the fragments in 4 emotion categories:
neutral, mixed, positive, and negative. In order to obtain an even
distribution over emotion categories, we selected two fragments in
each emotion category for further analysis. In each category, we
chose the fragments with a duration closest to 120 s, so that time
effects could more easily be compared. This resulted in the
following set for further analysis (in line with Westerink et al.,
2008): Color Bars and Abstract Figures (both ‘neutral’, with both
ratings below 2.5), The Bear and Tarzan (both ‘positive’, with
positive ratings above 5.0 and negative ratings below 2.0), Final
Destination and Lion King (both ‘mixed’, with both positive and
negative ratings above 3.0), and Cry Freedom and Pink Flamingoes
(both ‘negative’, with negative ratings above 5.0 and positive
ratings below 2.0).

Not all physiological data were fit for analysis: the EMG signals
of 2 subjects were corrupted, probably due to loose contacts, and
we decided not to include these data sets in further analyses. For
the remaining 22 subjects, we processed the 4 physiological signals
to obtain the following measures: mean, absolute deviation, stan-
dard deviation, variance, skewness, and kurtosis.

Mean, absolute deviation and standard deviation are well-
known dimensional quantities with the same units as the
measured signal. Variance is also an often used parameter. The
skewness and kurtosis, however, are expressed as non-dimensional
quantities; see Fisher (1930) for their introduction. Joanes and Gill
(1998) provide a comprehensive overview and a comparison of the
skewness and kurtosis measures for both normal and non-normal
distributed samples. In this overview, they state that it is suggested
that ‘‘skewness and kurtosis should be viewed as ‘vague concepts’,
which can be formalized in many ways. Accordingly, many different
definitions have been proposed.’’ For this research, we adopted the
following descriptions: Skewness characterizes the degree of
asymmetry of a distribution around its mean and kurtosis charac-
terizes the relative peakedness and tail weight of a distribution.
Following the work of Joanes and Gill (1998), we define skewness
and kurtosis for samples {x1, x2, ., xN} as:

Skewnessðx1; x2;.; xNÞ ¼
1
N

XN

j¼1

�
xj � x

s

�3

and

Kurtosisðx1; x2;.; xNÞ ¼
1
N

XN

j¼1

�
xj � x

s

�4

�3
with s being the standard deviation and x being the mean of the
data set. Of a normal distribution, the third and fourth central
moments are respectively 0 and 3. Since our objective was to
describe both skewness and kurtosis relative to that of a normal
distribution, a correction of �3 was applied for kurtosis, as is done
often.

The classification of emotions is envisioned to be integrated in
various consumer applications. In a quest for finding algorithms
suitable for consumer contexts, a set of requirements for processing
physiological signals of affect can be specified, namely:

1. Short-term assessment; therefore, 10 s time windows are
chosen.

2. Real-time processing; hence, baseline corrections are omitted
from the processing scheme.

3. Robustness against small-scale measurement errors that last
only a relatively short time interval; hence, distorted signals
were not removed from the data set.

4. Good performance without personal profiles. At home and
with some ubiquitous applications a personal profile can be
easily included and will probably boost the performance of the
emotion classification. However, for various consumer appli-
cations the usage of such a profile cannot be realized; e.g., in
detecting customers’ emotions. Hence, no personality charac-
teristics were taken into account in processing and analyzing
the signals.

The goal of this research was to detect characteristics of physi-
ological signals that can be used for emotion classification in
various consumer applications. Hence, despite the experimental
character of this research, the requirements as mentioned above
should be fully met. Thus, all six statistical measures have been
calculated for all 4 physiological signals for each 10-s interval of
each of the 8 selected video fragments. They were neither baseline-
corrected nor cleaned up with respect to small-scale distortions, as
these generally are manual, time-consuming operations, which are
not plausible in a consumer context.

4. Results

With the first global analyses, as described in Westerink et al.
(2008), we found that the newly introduced statistical parameters
skewness and kurtosis have good discriminating abilities. In
contrast, most averaged values of the physiological signals did not
yield significant effects. This is hardly surprising considering the
coarse method of averaging over an interval of 120 s, ignoring
typical events and changes in scenes. Therefore, a new series of
analyses will focus on short-term emotion assessment, in twelve
10-s intervals. The analysis of the data comprises three phases:

1. Determination of the possible influence of scene changes
within the video fragments

2. Analyses of the individual film fragments
3. Mapping of the events that occur in the fragments and the

behavior of the physiological signals at that moment.
4.1. The influence of scene changes

Each video fragment consists of a concatenated series of shots,
generating abrupt changes at their transitions. The density of such
scene changes might have a non-emotional impact on the viewer.
Therefore, the present section describes the correlations (Spear-
man’s Rho, two-tailed) between the density of scene changes and
the features of the physiological measures. To this end, both the
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density of scene changes and the physiological measures were
determined for each time window of 10 s of each video fragment.
Since in the fragments color bars and abstract shapes no scene
changes were present, for these fragments no correlations were
determined. Of the remaining six film fragments the nonparametric
correlations were determined.

4.1.1. The Bear
The mean GSR (rs¼ .621, p¼ .031), the absolute deviation

(rs¼ .719, p¼ .008) and variance (rs¼ .636, p¼ .026) of the EMG
frontalis, and the mean (rs¼ .716, p¼ .009), absolute deviation
(rs¼ .654, p¼ .021), SD (rs¼ .737, p¼ .006), variance (rs¼ .581,
p¼ .047), and kurtosis (rs¼ .610, p¼ .035) of the EMG corrugator
supercilii all correlated significantly with the density of scene
changes.

4.1.2. Tarzan
The mean (rs¼ .642, p¼ .024) and SD (rs¼ .528, p¼ .078) of the

EMG corrugator supercilii both correlated significantly.

4.1.3. Final Destination
The mean GSR (rs¼ .790, p¼ .002), the skewness of the EMG

frontalis (rs¼ .619, p¼ .032), and the mean (rs¼ .638, p¼ .026) and
variance (rs¼ .871, p< .001) of the EMG corrugator supercilii all
correlated significantly.

4.1.4. Lion King
The kurtosis of the EMG frontalis (rs¼ .580, p¼ .048) correlated

significantly.

4.1.5. Cry Freedom
The mean GSR (rs¼ .672, p¼ .017), the skewness of the EMG

frontalis (rs¼ .643, p¼ .024), and the mean (rs¼ .665, p¼ .018),
absolute deviation (rs¼ .657, p¼ .020), SD (rs¼ .643, p¼ .024), and
variance (rs¼ .621, p¼ .031) of the EMG corrugator supercilii all
correlated significantly.
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Fig. 1. The skewness measure of the galvanic sk
4.1.6. Pink Flamingos
The mean GSR (rs¼ .776, p¼ .003), the absolute deviation

(rs¼ .726, p¼ .008) and the SD (rs¼ .713, p¼ .009) of the EMG
frontalis, and the mean (rs¼ .651, p¼ .022), variance (rs¼ .813,
p¼ .001), and skewness (rs¼ .713, p¼ .009) of the EMG corrugator
supercilii, and the absolute deviation (rs¼ .813, p¼ .001), SD
(rs¼ .813, p¼ .001), and variance (rs¼ .776, p¼ .003) of the EMG
zygomaticus major all correlated significantly.

In the analyses described in the following three subsections, the
correlations as reported in this subsection will be taken into
account. Hence, if effects found can be attributed to scene changes,
this will be noted.
4.2. The film fragments

We will now describe the results gathered through 24 Repeated
Measures ANOVAs, with film fragments (8 levels) and time (12
levels) as within subject factors. The results will be presented
subsequently for each of the four physiological signals separately.
Figs. 2–5 show the mean signals over time, for each of the film
fragments separately, averaged per time window of 10 s.

4.2.1. GSR
The kurtosis (F(7,147)¼ 2.847, p¼ .077; eta¼ .119) of the GSR

was the only parameter for which a trend was found on the factor
film. Both skewness (F(11,231)¼ 3.168, p¼ .001; eta¼ .131), and
kurtosis (F(11,231)¼ 2.735, p¼ .012; eta¼ .115) indicated an effect
for the factor time, and we found a trend for the standard deviation
(F(11,231)¼ 2.509, p¼ .065; eta¼ .107). An interaction effect on
film*time was found for the parameters mean (F(77,1617)¼ 2.506,
p¼ .032; eta¼ .107), skewness (F(77,1617)¼ 2.015, p< .001;
eta¼ .088), and kurtosis (F(77,1617)¼ 1.746, p¼ .007; eta¼ .077).
By way of example, the GSR skewness data for all eight films are
plotted in Fig. 1.
60 70 80 90 100 110 120
econds)

Color Bars
Abstract Figures

The Bear
Tarzan

Final Destination
Lion King

Cry Freedom
Pink Flamingos

in response for each of the eight film clips.
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4.2.2. EMG frontalis
No indications for differences between the signals were found

between the film fragments on any of the six statistical parameters.
For the factor time, the skewness of the signal of the EMG frontalis
showed a clear trend (F(11,231)¼ 2.173, p¼ .051; eta¼ .094).
However, this effect is possibly influenced by the number of
scene changes, with which there were significant correlations
(rs¼ .619, p¼ .032, and rs¼ .643, p¼ .024). No interaction effects for
film*time were found.

4.2.3. EMG corrugator supercilii
The kurtosis (F(7,147)¼ 5.793, p¼ .002; eta¼ .216) of the signal

indicates that film is a factor of influence. The factor time and the
interaction of the factors film*time did not reveal to factors of
influence.

4.2.4. EMG zygomaticus major
All of its six statistical parameters discriminated among the

eight film fragments: mean (F(7,140)¼ 6.968, p¼ .001; eta¼ .258),
absolute deviation (F(7,140)¼ 6.556, p¼ .001; eta¼ .247), standard
deviation (F(7,140)¼ 5.545, p¼ .004; eta¼ .217), variance
(F(7,140)¼ 2.998, p¼ .062; eta¼ .130), skewness (F(7,140)¼ 6.266,
p< .001; eta¼ .239), and kurtosis (F(7,140)¼ 3.114, p¼ .022;
eta¼ .135). For the factor time, the skewness of the signal of the
EMG zygomaticus major showed a clear trend (F(11,220)¼ 2.049,
p¼ .052; eta¼ .093). In addition, for the parameters mean
(F(77,1540)¼ 3.148, p¼ .001; eta¼ .136), absolute deviation
(F(77,1540)¼ 2.566, p¼ .012; eta¼ .114), and standard deviation
(F(77,1540)¼ 2.276, p¼ .022; eta¼ .102), an interaction effect
film*time was present. It should be noted that these effects are
possibly influenced by scene changes; see also Section 4.1.

The analyses reported in this subsection revealed various
indicators for differences between the eight film fragments. In
particular, skewness and kurtosis discriminated for all four
signals recorded, even when taking into account possible influ-
ences of scene changes. In addition, we found several significant
main effects of time, as well as significant interaction effects
between time and film, underlining the variety of ways in which
emotions evolve over time in the film fragments. However, this
does not denote what events or features of the film fragments
caused these differences. In order to achieve that, the behavior of
the four signals was analyzed over time and mapped upon the
full transcription of the film fragments and on some other factors
of importance. These analyses are described in the next section.
4.3. Mapping events on signals

In addition to the previous statistical analyses, we present
analyses that relate the transcripts of the film fragments to the
signals behavior, following the principle of triangulation; i.e., ‘‘the
strategy of using multiple operationalizations or constructs to help
separate the construct under consideration from other irrelevan-
cies in the operationalization. At its simplest level, triangulation
refers to the use of multiple measures to capture a construct. The
triangulation strategy, however, also can be applied to multiple
operationalizations of treatments and manipulations and to the use
of multiple theories, analyses, analysts, methodologies, and
research designs, to name but a few.’’ (Heath, 2001). Adopting this
research strategy, we aim to generate a rich interpretation of the
physiological signals in terms of emotions.

For each of the film fragments separately, each of the signals was
mapped to the content of the film fragments. We will only denote
substantial changes in the signals (i.e., two or more mean absolute
errors from the mean of the fragment) and events of importance in
the story line or the editing characteristics of the film fragments
and specify these. In four separate figures the physiological
measures are presented, averaged per time window of 10 s,
respectively: the mean GSR (Fig. 2), usually associated with arousal
(Boucsein, 1992; Backs and Boucsein, 2009), the EMG frontalis
(Fig. 3) denoting fatigue (Huang et al., 2005), the EMG corrugator
supercilii (Fig. 4) indicating negative emotions (Larsen et al., 2003),
and the EMG zygomaticus major (Fig. 5) for positive emotions
(Larsen et al., 2003).

4.3.1. Color bars
Typical events or screenshots are absent. The GSR shows

a gradual decline, indicating a decline in arousal, as is shown in
Fig. 2. The EMG signals are all stable, as shown in Figs. 3–5. The
skewness of the GSR (see Fig. 1), EMG corrugator supercilii, and
EMG zygomaticus major each showed one peak.

4.3.2. Abstract figures
A gradual decline of the mean GSR can be observed. The signal of

the EMG frontalis is stable; see Fig. 3. The signal of the EMG cor-
rugator supercilii shows a slow increase (see Fig. 4) and the signal of
the EMG zygomaticus major is stable (see Fig. 5). Altogether, the
signals recorded of both films categorized as neutral show a similar
behavior. Also for the Abstract Figures, the signals indicate a decline
in arousal (through the GSR) accompanied by little fatigue, as
indicated through the EMG signal of the frontalis, as shown in Fig. 3.
The skewness of the GSR and EMG frontalis each showed one peak.
The skewness of the EMG corrugator supercilii showed two peaks.

4.3.3. The Bear
The subjects’ arousal, as indicated by the GSR, increases (see

Fig. 2) and is accompanied by a frown, as measured through the
EMG corrugator supercilii, up to the moment that the bees appear
to be a positive signal instead of a negative one; see Fig. 4, time: 70.
Throughout the fragment, a constantly varying mental workload is
present, as illustrated through the signal of the EMG frontalis; see
Fig. 3. The frontalis’ signal shows a peak on 50 s, accompanying the
shot of the bear’s foot. The variability of the EMG zygomaticus
major (see Fig. 5) in general indicates various moments of positive
emotions. The skewness of both the EMG frontalis and the EMG
corrugator supercilii showed a peak between 50 and 60 s denoting
fatigue and negative emotions. This can be explained by the close
up of the big bear, while he was scratching. Between 70 and 80 s
participants smile (skewness of the EMG zygomaticus major)
because of the playing between the mother bear and her child.

4.3.4. Tarzan
The high level of activity of the zygomaticus major (see Fig. 5;

with a peak on 20–30 s), indicates the presence of positive
emotions. Moreover, this scene did not give rise to high workload,
which is not that strange for a film made for children. Participants
smile when the music is started as denoted by a peak (10–30 s) in
the skewness of the zygomaticus major. The monkeys start drum-
ming using kitchen material, which causes a peak in the skewness
of both the EMG frontalis and the EMG corrugator supercilii,
denoting respectively fatigue or influence of scene changes and
a decline in negative emotions.

4.3.5. Final Destination
The fragment that was used has a length of 52 s. During the

remaining 68 s a blue screen was shown; see also Section 2.2. From
the start until the end of the fragment (and the start of the blue
screen), a constant GSR and its skewness was determined, as can be
seen in Figs. 1 and 2. At the end of the film fragment, a bus drives
over a lady. This last event is illustrated by the increase in arousal,
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measured through the GSR and its skewness (see Figs. 1 and 2). and
the laughing around the event and the immediate disappearing of
the smile after the event and the end of the film fragments (time:
50 s), as recorded through the zygomaticus major, presented in
Fig. 5. The effects on the EMG corrugator supercilii, however, can
also have been subject to the influence of scene changes; see also
Section 4.1. The almost simultaneous activation of the EMG
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corrugator supercilii and the zygomaticus major underline the
presence of a mixed emotion, as was expected. The mental workload
was stable over time as illustrated through the EMG frontalis signal,
as shown in Fig. 3. All four signals show a significant change in
skewness between 40 and 50 s. In this time window, a turbulent and
strange situation is present in which the tension rises, as is illus-
trated (among other things) by the statement: ‘‘drop dead!’’
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Moreover, the significant change of all signals in parallel denotes the
hypothesized mixed emotions. After this the fragment ends and the
blue screen starts; no changes in the signals are recorded anymore.

4.3.6. Lion King
The fragment chosen from this film is a sad one: Simba (the

young lion) finds his father dead. During this scene, all mean
physiological signals are stable, reflecting no change in emotions.
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Fig. 5. The behavior of the mean electromyography (EMG) signal of the
However, the skewness of the GSR (see Fig. 1) and the EMG cor-
rugator supercilii and EMG zygomaticus major all peak denoting
fatigue, accompanied by mixed feelings, as was hypothesized. In
addition, at time 60 s, a peak is present in the skewness of the
zygomaticus major signal, illustrating the appealing shots in which
the young Lion King is anxious for his father. Between 80 and 90 s,
a new shot is shown providing an overview, as needs to be pro-
cessed, illustrated by the peak in the skewness of the EMG frontalis.
0 70 80 90 100 110 120

econds)

Color Bars
Abstract Figures

The Bear
Tarzan

Final Destination
Lion King

Cry Freedom
Pink Flamingos

zygomaticus major over time, for each of the eight film fragments.



E.L. van den Broek, J.H.D.M. Westerink / Applied Ergonomics 40 (2009) 1055–10641062
Also for this fragment, aimed to trigger mixed emotions, the
skewness of the signals changes in parallel, denoting such mixed
emotions.

4.3.7. Cry Freedom
A constant tension is present in the fragment chosen from this

film, accompanied by a large number of scene shifts. Both are
expected to contribute to the constant high arousal, as reflected in
the GSR signal, as presented in Fig. 2. An increase in mental
workload with a peak on 40 s (as registered through the EMG
frontalis and shown in Fig. 3) is present when the soldiers appear.
Next, it becomes clear (to the public) what is going to happen, this
is accompanied with a decline of the EMG frontalis signal (see
Fig. 3), which indicated a decrease in fatigue. The tension/
unpleasant feeling is present throughout the complete film frag-
ments, as is illustrated by the constant increase of the EMG signal of
the corrugator supercilii, as shown in Fig. 4. However, we note that
the EMG corrugator supercilii has also been influenced by the scene
changes that occurred in the fragment; see also Section 4.1. The film
fragment does not appeal to positive emotions; consequently, the
EMG of the zygomaticus is stable, as shown in Fig. 5. The skewness
of EMG frontalis and the EMG corrugator supercilii changed
significantly in time window 10–30 s. It illustrates the impact of the
shots chosen by the director: the boy and the crowd in an atmo-
sphere of severe tension. Between 90 and 110 s the first gun shots
are fired and the crowd starts running, which causes arousal,
negative emotions and the fading of a smile with the participants.

4.3.8. Pink Flamingos
The fragment taken from this film can be best depicted as

absurd. A constant arousal is present, which declines after the end
of the scene (at 30 s; see Fig. 2). The EMG frontalis has a stable
signal throughout the scene (see Fig. 3), indicating a constant
fatigue, except for a peak on 20 s. The absurd character of the
sequence of strange shots (a huge drag queen and her tiny dog)
followed by a shot of the drag queen eating inedible repulsive
substances (time: 0–20 s) triggers both negative and positive
emotions. Consequently, the signal of both the EMG corrugator
supercilii and zygomaticus major peak, as can be seen in Figs. 4 and
5, as the initial smile disappears. Between 10 and 20 s a high
skewness of the GSR and of the EMG frontalis is present, denoting
high arousal and heavy processing, which perfectly maps the rapid
changes in shots and the absurd events that happen. Note that most
parameters of the three EMG signals have been influenced by the
rapid scene changes, as is denoted in Section 4.1.

5. Discussion and conclusion

5.1. Interpreting the signals measured

In line with the Westerink et al. (2008), the parameters skew-
ness and kurtosis proved to be strong discriminating features of the
GSR and EMG signals, also in the short-term analyses. They
revealed compelling evidence for the distinct character of the
affective signals over time for each of the film fragments. The
kurtosis of the GSR and EMG zygomaticus major signal differenti-
ated between the eight film fragments. The skewness of most
signals indicated an influence of the factor time. In addition, various
other statistical parameters indicated differences among the film
fragments. The EMG zygomaticus major differentiated even with all
of its statistical parameters between the film fragments. Appar-
ently, differences in emotions or feelings are usually reflected in
various statistical parameters, but not necessarily in all tested ones.
Why the latter only occurred for the zygomaticus major activity in
the present experiment is not a priori clear; maybe effects of signal
resolution play a role, maybe it is related to the fact that positive
emotions are more overtly expressed in our culture. This last
explanation could be tested by measuring the orbicularis in similar
situations.

In contrast with our findings, Larsen et al. (2003) concluded that
valence influenced the corrugator supercilii more than the zygo-
maticus major in experiencing standardized affective pictures,
sounds, and words. This can be explained by two major differences
between both studies: different statistical parameters were tested
and different stimuli were used; dynamic, multimodal film frag-
ments vs. affective words, sound, or pictures (Van Boxtel, 2001).
This issue is a matter of the traditional trade-off between, on the
one hand, ecological validity, as is required for consumer applica-
tions and, on the other hand, a high level of control, which enables
the isolation of effects through various factors; see also Gross and
Levenson (1995).

The events that occurred throughout the scenes chosen from the
eight film fragments are clearly reflected in the four physiological
signals, although not always simultaneously – as expected. More-
over, the nature of the events and the emotions they are expected to
trigger, explain the clear distinction between the film fragments, as
found in the analyses. Even for the two film segments that lasted
considerably shorter than 120 s, we see mainly decaying signals
after the actual film fragment has stopped. The only exception is
a zygomaticus activity at 60 s in the Pink Flamingo fragment, which
might well be due to hilarious retrospective consideration of this
absurd film clip. In general, however, the analyses sustain the
relations between cognitive and emotional constructs and the four
physiological signals used, as are known from literature. The GSR
signal indicates the extent of arousal that is experienced by subjects
(Boucsein, 1992; Backs and Boucsein, 2009; Westerink et al., 2008).
However, the cause underlying this arousal can be the experienced
emotions as well as the information, in terms of sensory input that
has to be processed; e.g., sounds and changes in scenes. The rela-
tion between the EMG frontalis and mental workload (Thompson
et al., 1981; Huang et al., 2005), fatigue, or relaxation is not clearly
expressed in the results obtained from this research. The EMG
signal of the corrugator supercilii correlates with frowns, as is
reported in literature (Larsen et al., 2003; Backs and Boucsein,
2009). However, a frown can be expressed for various reasons,
among which the coarse collection of negatively experienced
emotions. The relation between the behavior of the EMG signal of
the zygomaticus major and positive emotions is most transparent
of all four signals (Larsen et al., 2003; Backs and Boucsein, 2009),
even though, the notion of positive emotions is abstract and is
subject to debate. Moreover, recent research revealed a relation
between affective valence and working memory (Gotoh, 2008).
Hence, possibly even the EMG corrugator supercilii and the EMG
zygomaticus major are influenced by information processing in
addition to our emotions (Backs and Boucsein, 2009; Huang et al.,
2005).

With complex stimuli as film fragments, mapping events on
physiological signals is of importance. Moreover, it emphasizes the
importance of timing for processing emotions. A delay in process-
ing emotions larger than 10 s would result in strange interpreta-
tions and, consequently, situations, as our analyses show. Whether
a delay of 10 s is sufficient, cannot be derived from this data
however, but needs research in other contexts, especially when
they are more interactive. Moreover, timeliness is especially
important for the interpretation of mixed emotions: the initiation
of multiple emotions (Cacioppo and Berntson, 1994; Carrera and
Oceja, 2007; Larsen et al., 2001). Although mixed emotions have
been topic of debate for more than a decade (Cacioppo and
Berntson, 1994), no accurate definition of mixed emotions exists.
Do multiple emotions co-exist in parallel, is their appearance in
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sequence, or to they merge into each other? Two of our film frag-
ments are suited to explore this issue, Final Destination and Lion
King, since they were judged to trigger mixed emotions by the
subjects. During the Lion King, the mean physiological measures
did not indicate changes in emotions, although indicated otherwise
with the scores on negative and positive emotions. The mapping of
the Final Destination’s transcription and the physiological signals
illustrated the appearance of mixed emotions: an increase in
arousal and frowning was shown immediately followed by a smile.
The onset of these emotions clearly differs, with the corrugator
activity linked to negative feelings mostly preceding the zygoma-
ticus activity linked to positive feelings. However, the skewness
measure of the signals seems to indicate the existence of mixed
emotions perfectly with both film fragments. The skewness of the
GSR, EMG corrugator supercilii, and the EMG zygomaticus major in
parallel showed a clear reaction in both films on one event, indi-
cating a change in arousal, negative and positive emotions. This
would argue for the parallel occurrence of emotions. However, the
need for more short-term research on this debate needs to be
firmly underlined.

5.2. Consequences for consumer-style emotion-aware devices

In addition to a reliable method, especially for consumer
applications, a minimization of obtrusiveness is of key importance.
Only recently can GSR signals be obtained in unobtrusive manners;
e.g., using a ring around one’s fingertip (e.g., http://bio-medical.
com) or clothes with embedded sensors (Baurley et al., 2007).
Also, unobtrusive EMG measurements became feasible. In 2005,
Costanza et al. (2005) introduced their intimate interface: glasses
with EMG sensors embedded. They were able ‘‘to reliably recognize
a motionless gesture without calibrating or training across users
with different muscle volumes’’ (Costanza et al., 2005). Such
a device fits the aims as expressed for short-term emotion assess-
ment in consumer context and can also be applied for unobtrusive
emotion detection through EMG signals. Akita et al. (2008) pre-
sented their wearable EMG measurement system that is embedded
in conductive fabric and, consequently, is wireless. In principle,
conductive fabrics of Baurley et al. (2007) and Akita et al. (2008) can
be used to obtain various other physiological signals in a parallel,
synchronized, unobtrusive manner, which enables short-term
assessment of emotions in consumer contexts. Hence, with such
advances in technology, the interpretation of physiological signals
rapidly becomes the weak link in the chain of short-term emotion
assessment.

The main intention of this paper was to investigate to what
extent emotional effects can be followed over time with baseline-
free analysis, omitting corrections for personality traits and
anomalies of the data. The figures and their interpretation clearly
show – at least for the predominantly female participants in our
study – that such effects are reflected in the recordings. With the
rapid progress in technology, this makes it feasible to use such
psychophysiological measures in short-term interactions in
consumer (and other) products. Two points add to this expectation:
First, the data we presented were averages over participants, using
the raw physiological signals, and possible differences between the
individuals and their individual experiences were not even
explored in our analyses. Thus, individual reactions might be even
larger. Second, in real life the physiological reactions to the most
relevant emotions might well be more marked than those elicited
by excerpts from movies, as in the present experiment. Both
considerations feed the hope that in relevant real-life situations,
the physiological reactions of individuals can be detected through
baseline-free analysis. The topic of inter-individual differences in
timing patterns is also interesting in itself: one possible way to
investigate it would be an experiment in which subjects are
repeatedly presented with the same sequence, thus reducing noise.

All in all, this paper underlines that emotion-aware consumer
products could become a reality, as far as psychophysiological
aspects and technology are concerned. For any given application, it
will be necessary to investigate what processing delays are still
acceptable. Additionally, the success of such an application will
depend on ethical issues and issues of trust: Will people feel
comfortable knowing that their emotions are known, if not to
others, than at least to the product? Or do the products make them
feel observed and uneasy? This will no doubt be related to the
context of use: at home people are usually more comfortable in
having and showing emotions than at work. At the moment, niche
markets are opening up to affect-aware measurement systems (e.g.,
emWave by HeartMath, or the Smile shutter by Sony), and they
might well help in introducing the relevance of emotion-aware
consumer products.
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