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Abstract. There are different techniques (e.g. direct or indirect observation,
questionnaires, etc.) with which it is possible to estimate user experience. Bio-
metric data obtained with different devices (e.g. EEG, EMG) have been used as a
source to infer user experience. In this work, as part of the construction of an
evaluation model of user experience, we present a preliminary study that seeks to
identify emotions using records of brain electrical activity through the visual-
isation of preset images that stimulate emotions known a priori. The results
include identifying emotions of joy and displeasure through brain activity using
the Emotive device in older adults.
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1 Introduction

The aging of population and increased incidences of diseases such as the Alzheimer’s
disease have moved researchers to look for alternative non-drug treatments, including
technologies supporting cognition, that seek to maintain the cognitive status of the
elderly through cognitive stimulation [1, 2]. To this end, diverse intelligent environment
applications that seek to promote cognitive stimulation have been proposed [3]. How-
ever, due to the characteristics of this group of users, caused by their decline in their
physical and cognitive skills, it is necessary to assess what is the elderly’s perception
regarding the use, acceptance and adoption of these applications.

In the literature various types of usability and user experience evaluations have been
reported to assess the perception of the elderly regarding the use of technology [4],
however, conducting this kind of assessments may be a difficult task due to the inherent
limitations of the evaluation methods themselves. It is well known that in techniques
based on self-report, participants tend to respond thinking about what the researcher
wants to hear, or tend not to be sincere and “improve” their perception of the results
because they feeled assessed, or because they have forgotten the details of their expe-
rience [5]. Because of this, the results of these evaluations may not be very reliable. In
addition there are additional elements that can affect user experience, including [6]:
context of use, devices, cultural factors, social factors and the user features.
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As an alternative to traditional user experience assessment techniques, we propose to
record brain electrical activity of the participant by means of a low-cost electroen-
cephalogram (EEG) device, to infer the user experience in an automated manner; and
this through the design of a baseline EEG reference associated with two basic emotional
states (pleasure-displeasure). The goal is to build a model with which we could identify
emotions using biometrics brain data and based on these determine the user experience.
In this work we present the first results of the process towards building this model.

2 Related Work

In recent years, biometric data have been used to assess the experience of users. For
example, in [7], an assessment is made using the game Half-Life 2 by means of galvanic
skin response, video, questionnaires and electromyography of users. Additionally, in [8]
different physiological data such as galvanic skin response, electrocardiogram, elec-
tromyography of the jaw, and respiration rate are used to measure the user experience in
entertainment technology, specifically using EA Sport video game NHL 2003.

Chai [9] evaluates three mobile phone applications using three self-report ques-
tionnaires to obtain subjective data as well as recording brain activity using EEG of
participants. These data were used to determine the positive and negative states in the
user experience of the applications used. Yao [10] evaluates the user experience of a
cell phone application using the User Experience Questionnaire (UEQ) as well as
physiological data such as brain activity (EEG), galvanic skin response, pulse, heart
rate and respiration rate.

Hakvoort [11] evaluated the user experience of a brain-computer interface
(BCI) game based on the expectation of users. For such assessment, a modified version
of the SUXES method [12] was used. They used an evoked visual response as stimuli,
and an EEG to register physiological data.

In a similar fashion, in this work we propose to design a model that uses brain
biometric data to evaluate the user experience of the elderly during their use of com-
puter applications, and compare these results with those of other more traditional
assessment techniques.

3 The Brain and Emotions

The brain has approximately 100 million neurons and is responsible for processes such
as reasoning and emotions, among others. The brain is divided into two hemispheres,
the left and the right1, which in turn are divided into four lobes2: frontal, parietal,
occipital, and temporal [13] (see Fig. 1).

On the one hand, emotions can be positive or negative. At all times, no matter the
context of the (private or public) situation people experience a range of emotions whether
positive (e.g. joy, gratefulness, sympathy, happiness, love, etc.) or negative (e.g.

1 http://neurocirugiacontemporanea.com.
2 http://www.nlm.nih.gov.
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displeasure, irritability, disgust, anger, sadness, etc.) [14, 15]. Investigations concerning
emotional state indicate that left prefrontal cerebral activity is associated with positive
facial expressions while viewing joyful films, whereas right prefrontal cerebral activity is
associated with negative facial expressions while viewing unpleasant films [16]. Positive
emotions are associated with the activation of regions of the left hemisphere while neg-
ative emotions relate to the activation of regions of the right hemisphere [16–19].

On the other hand, asymmetry analysis of the power of the alpha wave, is recog-
nized as a useful procedure for the study of emotional reactivity [20]; further, it is
common to find the asymmetries in the frontal region of the brain, which may be
perceived on a subject since childhood [18]. In a study conducted in [21] a spectral
analysis of the electrical activity obtained through an EEG is conducted. In this analysis
it is established that the power of the alpha wave varies depending on the emotion
present (positive or negative emotion). Coan [22] mentions that frontal EEG asym-
metry serves as a moderator in case of emotional activity and also functions as a
mediator if there is an emotional response. Papusek [23], by means of brain activity
EEG records and the Scalar Emotional Abilities Self-Report (SEAS), shows that people
perceive the emotions of others and are able to regulate their own emotions, this by
means of asymmetric changes in the prefrontal cortical regions during social interaction
and emotional stimuli. Also in Papusek [23], other works on EEG and emotional states
are presented, which show the asymmetrical changes that occur in the prefrontal cor-
tical part of the brain during social emotional stimulations [23].

Taking this background into consideration, in the next section a controlled study is
described that seeks (i) to analyze the biometric signals of an electroencephalogram
(EEG) of the participants and (ii) identify patterns in the frequencies of signals and the
activated brain areas according to known a priori stimuli.

4 Methodology

In order to build a model that interprets a set of user experience emotions, we con-
ducted a preliminary study that presents selected images to stimulate known a priori
emotions and registers the EEG response. For the study we used the International
Affective Picture System (IAPS) [24], which establishes a set of standardized images
that are used by researchers in the study of emotions and attention. A subset of the

Fig. 1. Hemispheres and brain lobes
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images proposed in [25], which evoke specific emotions. The following categories of
emotion in images were used: (A) 10 of fear, (B) 10 of joy, (C) 10 of displeasure and
(D) 29 neutral (see Fig. 2).

The results of brain activity were studied using spectral analysis of power =
10*log10(µV

2/Hz)r2 in the alpha, betha and theta bands, including 15 min of trace clean
of artifacts removed by visual analysis, in the frontal and occipital derivations: (1) AF3,
(2) F7, (3) F3, (4) FC5, (7) O1, (14) AF4, (12) F4, (13) F8, (11) FC6 y (8) O2.

4.1 Participants

Participants were 8 seniors, 2 men and 6 women, aged 60 to 83 years (avg. = 72.3 years,
s.d. = 8.46 years). Inclusion criteria were: aged over 60 years, not having suffered a head
trauma, absence of moderate or severe cognitive problems and absence of visual
problems (i.e. not being able to see well without glasses at a distance of 30–50 cm). All
participants signed an informed consent, the procedures of this study did not represent
any risk to them. To determine that participants did not have cognitive problems, we
applied the Mini Mental State Examination (MMSE).

4.2 Materials

• Device: We used the Emotiv EEG device (See Fig. 3) with which is possible to obtain
and record brain activity through 14 electrodes (AF3, F7, F3, FC5, T7, P7,O1, O2, P8,
T8, FC6, F4, F8, AF4). The electrodes are placed according to the International 10–20
System, which sets the position of the electrodes on the craneal surface corresponding
to cortical areas. The device also has a filter for frequencies from 0.2 to 45 Hz, which
takes 128 samples per second for each channel.

• Software: We used Camtasia Studio to record the facial expressions of each partici-
pant; TestBench software, included with the Emotiv EEG device, to record data from
brain activity with the 14 electrodes; EEGExProc, to display images; and EEGLAB to
process the electroencephalography data [26].

Fig. 2. Example of selected images from the IAPS catalog
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4.3 Reduction, Filtering and Data Analysis

To perform data analysis of the recorded brain activity using the EEGLAB software,
we applied a finite response filter to the impulse for powers above ranges of electrical
brain activity, in order to attenuate all signals with frequencies less than 0.2 Hz and
eliminate various artifacts. Deleted artifacts are generated by eye blinking, lateral eye
movements, muscle activity and others movements [27, 28]. This was corroborated by
visual analysis. Once applied the filter and removed the unnecessary signals and arti-
facts, we proceeded to apply the Fast Fourier Transform, in order to obtain the powers
of the different brain waves (alpha, betha, theta and delta) and to graphically identify
the different brain areas activated depending on the analyzed brain wave.

4.4 Procedure

• Introduction to the study: Firstly, we explained to the elderly the purpose of the
study and the characteristics of the Emotiv EEG device. They were also asked to
sign a consent form.

• Device calibration: For best performance of the device, this was calibrated for each
participant by recognizing facial gestures and the manipulation of a virtual 3D cube
through brain interaction.

• Image presentation: In this stage, each participant was presented with a set of images
according to the proposal in [24]. The images were presented in a sandwiched way:
joy, fear, disgust and neutral for 6 s each, and immediately after, we asked the
participant to indicate what was his/her impression upon seeing the image according
to one of the following categories: joy, fear, disgust and neutral. During this phase,
the brain activity of each participant was recorded by the TestBeanch software.

5 Results

According to the classification verbally reported by each participant, we obtained that
the answers to the selected images to provoke emotions of joy fitted 92 % of the times
(see Fig. 4). Additionally, responses to images of disgust agreed 84 % of the times (see
Fig. 5). In both cases, the images converge to the categories of the established test.

Fig. 3. Device and EEG channel positions
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Responses to the images selected to evoke fear agreed 49 % (see Fig. 7) of the times,
while for those selected as Neutral their responses corresponded 56 % of the times (see
Fig. 6). As can be seen, the responses in these categories did not reported as expected.

Later, once brain activity data was processed by means of the methods described in
section “Reduction, filtering and analysis”, different EEG frequency spectra were
obtained for each of the bands. The analysis of EEG data was corroborated by an expert
in the area of neuroscience. The asymmetry in the alpha band of subject ADM1 indicates
the possibility of observing through EEG patterns a relationship with the affective state
during the observation of stimulus with emotional valence as a synchronization response
caused in the limbic system and its relation to the frontal structures.

The power of the beta band was more prominent in the dorsolateral frontal of the
left hemisphere, associated to cognitive analysis of observed information, which sug-
gests an interpretation of disgust by the user, coinciding with the stimuli presented in
the activity (see Fig. 9).

Fig. 4. Joy

Fig. 5. Disgust
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In the same vein, regarding the analysis of power of the theta band, it is possible to
observe an asymmetry whose greatest value is seen in the right frontal, consistent with
the stimuli in the activity with emotional charge, besides indicating attention by the
elderly in the activity (see Fig. 10).

6 Discussion

From the results obtained from verbal responses for the images in the joy category
92 % of the responses were reported as joy, 6 % as neutral and 2 % as fear (See Fig. 5).
The image shows that participant AD4 expressed that image 45 caused fear to him/her;
in this case the image corresponded to 3 girls smiling, so it could be a coding error by
the participant; while for image 51, which corresponded to an older woman, it was
classified as neutral by participants AD1 and AD6.

In Fig. 6, corresponding to the verbal responses for the images in the disgust
category, it can be observed that over 80 % transmitted emotions of disgust to par-
ticipants, while 10 % were reported as neutral, 3 % as fear and 2 % as joy. Participant
AD3 indicated that image 31, which showed a hand surgery, brought joy to him/her as
s/he was a medical doctor, so that it could be concluded that the activities being
undertaken by participant AD3 as a professional affected his/her answer.

For images of the neutral category, we obtained that 56 % of these were classified
as neutral, 40 % of them caused joy and 2 % were reported as disgusting (see Fig. 7).
Participant AD2 consistently indicated the same disgust response for pictures 4, 24 and
44, in which the same fungus appeared, while participant AD5 responded as neutral for
image 4, as disgust for image 24 and as neutral for image 44. These two participants
were the only ones who gave responses of disgust for the images.

For the fear category, only 49 % of the responses indicated that the images pro-
voked this emotion, 39 % of responses indicated disgust and 10 % of responses were
classified as neutral (see Fig. 8). Of this group of images, image 59, which shows a
skeleton, was the only one that did not caused fear; 40 % of participants responded with
neutral and 30 % responded with disgust. It is important to highlight that participant

Fig. 6. Fear
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AD7 was a special case, as s/he responded that all images caused him/her joy. We
observed that participant AD7 was greatly nervous during the test, which along with a
possible misunderstanding during the explanation of the activity could caused that s/he
always provided the same answer.

The analysis conducted of the EEG data is preliminary, as we only obtained power
spectra for each band using the EEG registry of each elderly. This analysis allowed us
to visually identify different brain regions where an activity related to the emotional
stimuli were shown depending on the selected band (See Figs. 8, 9 and 10). These
results can be related to those obtained by the categories of joy (positive emotion) and
disgust (negative emotion). The analysis of EEG records stimulus in order to establish a
better relationship between the categories of images with different power spectra and
the brain areas involved remains pending. This type of analysis will reveal which
elements have to be considered in the design of the model to assess the user experience.

Fig. 7. Neutral

Fig. 8. Power spectrum of alpha wave

Fig. 9. Power spectrum of beta wave
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7 Conclusions and Future Work

This paper presents preliminary results of our proposal to determine a set of emotions
through brain activity (EEG) records. The results of verbal responses of participants
validated the emotional presence of joy and disgust, especially when the selected
images to evoke these emotions were presented.

In the analysis of the spectra for each subject, asymmetries are seen in the frontal
EEG recording of the elderly, this is related to changes in mood showing joy at left
frontal activation and disgust at right frontal activation, allowing the detection of brain
regions linked to these emotions [20, 29, 30]. The electrophysiological results of this
study confirm the possibility of identifying changes in the affective state (displeasure
vs. joy) during the activity through the biometric signals of the brain obtained with the
eMotiv headset. Our future work includes processing the EEG records by type of
stimulus to make a comparison between what is verbally said by the elderly and what is
registered with the eMotive headset. Additionally, we will conduct an analysis of
variance (ANOVA) to determine significant differences between the types of stimuli
administered to subjects.
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