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Abstract. This work presents the results of a pilot study for emotion evocation
to explore the customer journey in a departmental store to detect possible friction
points using biosignals and a retrospective verbalization. Our proposed methodol-
ogy relies on the assumption that states how episodic memory elicits recollection
of past events, thus, the previous emotional state of that specific event, providing a
more efficient and vivid approach to measure their experience in a controlled envi-
ronment. The present methodology is based on video-recording the participant’s
purchase journeys at the store, subsequently using the mentioned recording as
visual stimuli to measure and report the emotional journey (as-is) based on quan-
titative data acquired by the use of an electroencephalograph (EEG). This data
was complemented by retrospective interviews in order to build a solid compre-
hension of the user’s journeys and their interactions with the services. The results
obtained through these tests (n = 3) offer measurable genuine reactions towards
their personal journey through the store, areas of friction, and key interactions
during critical stages of their journey such as the payment system failures, crucial
interactions, and the presence of the store employees, along with the imperative
store’s infrastructure to offer a homogeneous in-store experience. We present these
results despite the limitations of the study (sample size) due to the potential of the
methodology and expect that more researchers can expand our findings.

Keywords: UX Research - EEG - Emotional Journey - Customer Journey -
Episodic Memory - Human computer interaction (HCI) - Bioinformatics -
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1 Introduction

One of the main objectives of business organizations is that customers can access their
value proposition. However, they can only access them through the interaction of the
different spheres that conform to the offered service [21]. These spheres may include
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interactions with technological interfaces such as digital applications or web pages, and
human-human interactions, with systems and operational processes to complete a certain
task. The integration of all interactions in these spheres and their consequences for the
individuals result in the user experience [15, 17]. Therefore, it is necessary to ensure
that all of them are working properly. To achieve this, it is indispensable to know which
are the key points of friction or rupture through all interactions employing research
processes.

The user experience can be categorized into different levels of an individual’s rela-
tionship with a company; the single interaction level reflects the experience of an individ-
ual who has used a single device to perform a specific task. The journey level captures
the complete experience of a user to achieve a goal and can be made up of multiple
interactions between channels or devices. The main phases of a typical journey are; the
need for recognition, information search, evaluation of alternatives, purchase decision,
and post-purchase behavior [21]. The last level, the relationship level, refers to the inter-
actions between a person and the company throughout the life of the customer-company
relationship [19]. To create memorable experiences and ensure that they not only meet
but exceed user expectations, at any level of relationship with companies, they must be
known and understood in their entirety. Understanding the experience in this way will
help us to identify the needs of stakeholders and not just customers [10].

Among the methods used for this purpose, it can be found effective tools such as the
so-called journey maps. This type of human-centered tool (HCT) helps to understand the
interactions that users have with other stakeholders by visualizing the interrelationships
of people over time between the service channels and the users. A journey map not
only includes the steps where individuals interact with the services but also reveals
the key steps of an experience. Journey maps help to find gaps in user experience and
explore potential solutions. This tool can be used to visualize existing processes (as-
is) like a sequence of events, moments, experiences, interactions, or activities. Journey
Maps make intangible experiences visible and facilitate a common understanding point
and offer possible solutions [21]. Nevertheless, data collection methods for these types
of tools usually include interview methods and retrospective verbalization protocols,
so that the information collected may be biased by the user. That is, for researchers
to fully understand users’ interactions with the services they offer, they rely on the
user to consciously recall and acknowledge the processes they underwent. This can be
difficult when talking about a journey in a physical store, where there is not a completely
controlled environment for observation.

This pilot study aims to offer an alternative to end-to-end knowledge through the
analysis of psychophysiological data acquired through biosensors. The advantage of
these is that the psychophysiological reactions elicited by the interaction of the users
in the journey offer quantitative information that does not rely on the consciousness of
the actions of each individual. The methods presented are based, like the retrospective
verbalization protocols, on the evocation of memories and therefore emotions for the
tracking of the journey through biosensors.

Thanks to the evocation of emotions and interactions it could be possible not only to
measure in a more reliable way the experience in a physical place, but on digital screens
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by placing users in a specific context. Therefore, now we could evaluate more com-
plex interactions and elicited emotions by the users due to cultural, social or individual
contexts with the EEG. These evoked emotions could be reported robustly without the
traditional worries that come with EEG signals like mobility of the equipment, travel
costs, BCI Illiteracy [3] and those derived from the active interaction: user’s movement,
noise in the signals and artifacts, which need to be removed by the researchers; this is
our main contribution to the field of HCI.

1.1 A Glimpse into Human Memory

Human memory can be divided into two main categories; short-term memory, which is
defined as that memory that we can access only when we are aware of specific actions
or events that have occurred within a short period, and declarative memory or long-term
memory, which is that which we can access even when we are not aware of the actions
performed and the period of occurrence of the events may dwell in a place far away from
the present [24].

Declarative memory is categorized into three areas; semantic, which refers to the
association of events with meanings, this kind of long-term memory can be abstract and
are not context-dependent [4]; procedural, which has to do with that type of memory
that we acquire through the constant practice of some activity [12] and episodic mem-
ory. In this case, the study was oriented toward the third area of long-term memory,
episodic memory, which is defined as that type of memory that consciously elicits past
events conceptualized in the first person (events personally experienced by the indi-
vidual) in a specific Spatio-temporal context [18], that is, the evocation of past events
conscious defined by a specific cognitive state; by temporal circumstances, by spatial
circumstances, and by the affective state. The importance of the emotional state in which
individuals are at the moment of memory fixation is evident when it is noted that people
do not remember just any events, but those that carry an intrinsic emotion [2, 7, 24, 25].

1.2 Episodic Memory and Emotional State

Some authors show evidence of the close relationship between memory and cognition
with the emotional state of individuals [2, 8, 18]. In this sense, the emotional state can
be understood as the sum of complex psychophysiological patterns in the brain and
body derived from the response to external events or objects perceived through sensory
activity, whether this response occurs in real-time or is retrieved from memory [5, 13].
The existence of the emotional state and its change endows individuals with the ability
to assign values, either positive or negative, concerning a psychosocial belief system to
the events they experience, and this in turn mediates the way they interact with their
environment [7].

Thus, cognitive processes, and memory, rarely occur completely independently of
emotional processes. Memory and emotions are affected in both directions, in other
words, cognitive processes can mediate and evoke emotions, just as an emotional
response can evoke memories. In the case of episodic memory, this type of memory
mediates complex emotions. Recalling past events in a specific context should evoke the
emotional experiences associated with this event, which in addition would generate the
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emotional state that the subject experienced from the event in question. This is because
the limbic system, the one that processes emotions, is related to memory processes
through two types of somatic markers [2].

Therefore, two types of somatic markers contribute to the experience of emotions,
the first are those markers that are learned or are innate, the second, and the most relevant
for this pilot study, are those markers that cause emotional states thanks to the retrieval
of information stored as memories [5].

1.3 Evoking Emotions Through Episodic Memory

According to Ellard [8] it is not enough that an emotional state is recalled, but the
environment and the context by which it is recalled influence the quality of the experience.
In this sense, the evoked episodes are more vivid when the same contextual conditions
are available to the individual during the memory creation process [2]. There is evidence
that recall of personal experiences through stimuli that are recognized as personal evoke
more complex emotions [8].

Likewise, the methods for evoking episodic memories and emotional states directly
affect the quality of the information collected for study. Hu [13] divides the two types
of stimuli used to evoke these, internal stimuli where there are no external stimuli to
induce a memory, for example, guided recall practice, and, on the other hand, external
or media-based stimulation. The second category refers to those stimuli that come from
a source outside the individual, such as photographs, audio, or video [18]. When talking
about the study of emotions at the laboratory level, media-based studies are usually
chosen because these types of stimuli evoke responses automatically and the bias of the
participants tends to be lower than in guided recall activities [8].

Therefore, if it is desired to elicit memories and emotions as closely as possible to
the moment in which the event was experienced, it is important to achieve an ecolog-
ical environment that emulates as closely as possible the environment experienced by
the individuals. Several authors have suggested that the best source to recall emotions
is video, since this creates environments of high intensity and emotional complexity,
offering greater stimulation in a more efficient manner and with a much more vivid
approach in a laboratory environment; where participants have a greater sense of sub-
stitution of the environment and a faster response to the materials presented [8, 13, 18].
In addition, the video material can be complemented with meaningful audio, congruent
with the recording, to increase the effectiveness of the evocation, creating a conducive,
ecological and familiar environment for the participant to recall these events with the
emotional states involved.

1.4 Methods for Emotion Quantification

The method by which emotional information is obtained also plays an important role in
ensuring the quality of the data. Usually, the analysis of the emotional state of individuals
is based on self-reported information that gives researchers an idea of what is happening
as long as the user is aware of this.

In addition to the self-reported emotional state, there is another way to obtain infor-
mation about the emotional state of individuals, which refers to the measurement and
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analysis of physiological indices through biosensors. In general, biosensors are used to
measure spontaneous physiological changes due to the psychophysiological change of
individuals in reaction to external stimuli, and these measurements have the advantage
of greater consistency between individuals [13].

Finally, some of the most commonly used physiological parameters for the quan-
tification of psychophysiological and emotional states refer to the change in cardiac
variability (HRV), the change in respiratory rate (RFV), or the change in electroder-
mal skin response (EDA). Spontaneous physiological changes in these indices are often
related to cognitive and emotional responses [1, 6, 16]. However, from a neurophysiolog-
ical perspective, electroencephalography (EEG), a method mediated by a non-invasive
device, can provide information about electrical changes in the brain more accurately
and in real-time, without being mediated by some other type of limbic system mecha-
nism by measuring the electrical activity of the cerebral cortex under different emotional
states [16]. The information retrieved from the EEG can provide information about the
mental and emotional processes that lead to certain behaviors.

1.5 Similar Studies Measuring Emotions

An emerging need for product and service evaluations has been measuring emotions in
real time, with short times being the most accurate because of the difficulty involved
in measuring them beyond a few hours [20]. The Emotiv EPOC+, biosensor used in
this pilot, has been used in different studies: such as the one by Zabcikova in 2018 [28]
to measure the performance metrics, using the software company, in relation to visual
and auditory stimuli; in addition to the use in measuring stress in architectural virtual
environments [9].

Other EEGs have also been used to localize frontal brain regions during the memory
development process, as well as to explore other important factors related to long-term
memory and its remembering [11]. Also using these devices, it has been found that there
is a greater effect on user experience when combining sounds and video, compared to
using only one type of stimulus [26].

2 Materials and Methodology

2.1 Participants

The sampling method used for this pilot study was non-probabilistic, by convenience.
This study was open to any individual who was a customer of the evaluated department
store, in this case being residents of the city of Puebla, Mexico, in an age range between
18 to 60 years old; it was also required that they had the availability to attend the different
stages of the study in person. The exclusion criteria for the study were that participants
must not have any self-reported neurological condition or be under any medical treatment
that would interfere with the acquisition of electroencephalographic signals and that they
should not present BCI Illiteracy [3]. From this sampling method and due to the pilot
characteristics of the study the sample size consisted of two females and one male (n =
3, avg 31.4 years old) in which an in-store test and a biometric test were applied.
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2.2 Procedure

Recording of Stimuli. Prior to the in-store trial, a technical test was carried out. It was
verified that each one of the participants did not present BCI Illiteracy [3], meaning they
were not part of the 20% of the population whose neurological signals could not be
recorded by an EEG. This was performed in order to avoid complications of readings
in the second part of the trial and ensure reliable signals during the interviews. In case
of having valid readings, the test was continued, in case of not having readings, the
participants could not be considered within the sample, since there would be no EEG
readings.

Once the technical test with EEG was performed and the signals obtained were
validated, their experience in the store was recorded using a GoPro HERO9 Black with
a harness on the chest, as evidence of their journey through the store, which would
be used the next day to evaluate their journey biometrically. The participants’ journey
consisted of typical journey that many clients do on a regular basis, which consisted of
the following activities:

e Need recognition: The participants looked around the store for products they wanted
without exceeding 500 Mexican pesos.

e Information search: During their search, they were allowed to interact with every
information point, including the store employees.

e Evaluation alternatives and Purchase decision (user’s choice): The participants indi-
cated when they were ready to pay for the items selected through the product
search.

e Product Payment: The participants pay their items by interacting with the store
employees and ended when the articles were given to them.

e Post-purchase behavior: the participants interacted with the systems and employees
after the purchase.

The participant’s journey could be summarized in three broad moments which
include the before-paying phase (Need recognition, Information search, Evaluating
alternatives, and Purchase decision), the payment phase (Product payment), and the
after-payment phase (post-purchase behaviors).

After the observation test in the department store, the videos of the three participants
were transferred to a computer, to be used in the next phase of the study. The second
phase of the study was conducted at the offices of Sperientia: [Studio 4+ Lab]® a day after
the in-store trial, where the participants were fitted with the EEG headset model EPOC+
of the EMOTIV brand, where they watched the aforementioned videos, to measure
performance metrics obtained through the EEG. In addition, retrospective interviews
were also conducted to complement the information retrieved from the readings obtained
by the biometric device in order to understand the complete customer journey of the
participant.

Retrospective Interview with EEG about the Store Experience. Interviews were
conducted along with the observation test with EEG model EPOC+ by Emotiv. The
observation test used as stimuli the video recordings of each participant along their
purchase journey. The EEG was used to observe the emotional reactions of their journey.
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The data obtained was stored at an internal server from Emotiv, for future processing,
lecture, and interpretation.

To ensure the reliability of the signals, participants were asked to go to the test
without hair products, not wearing any metal accessories on their ears or neck; keep
the cell phone and any electronic device in airplane mode, or turned off, as far away as
possible from the EEG. Participants were also asked to limit their head movements to
reduce and/or eliminate noise in the signals caused by electronic devices or movement
of the participant, respectively.

A baseline was used in the study, as a reference, to measure the relative changes in
emotional states concerning the participant’s baseline. During the baseline, participants
were asked to try to relax as much as possible for 60 s with their eyes open and to repeat
this process with their eyes closed for the same period.

The main analysis tool was the performance metrics graphs associated with emotional
states, especially those related to task stress. These are provided by EmotivPRO software;
the emotional spectrum obtained is explained below:

e Stress (ST) is a metric of comfort with the current task. High stress can result in the
inability to complete a difficult task, feeling overwhelmed, and fearing the negative
consequences of failing to meet task requirements.

e Engagement (ENG) is perceived as awareness and conscious attention to task-related
stimuli. It measures the level of immersion at the moment and is a mixture of attention,
and concentration that contrasts with boredom.

e Interest (VAL) is the degree of attraction or aversion to the current stimulus,
environment, or activity and is commonly referred to as valence.

e Excitement (EXC) is a feeling with a positive value. It is characterized by activation
of the sympathetic nervous system which results in a range of physiological responses
including pupil dilation, eye-opening, sweat gland stimulation, heart rate, increased
muscle tension, blood redirection, and digestive inhibition.

e Concentration (FOC) is a measure of attention to a specific task. It measures the level
of depth of attention, as well as the frequencies at which attention shifts between
tasks.

e Relaxation (MED) also known as meditation, is a measure of the ability to shift
concentration and recover from intense concentration.

3 EEG Data Interpretation

The data collected by the EMOTIV PRO software is represented in a simplified scale
with a range of 0 to 100 points. There is also the baseline, which refers to the lack
of stimulation or conscious rest of an individual, to be compared with situations by
measuring the change between the signal at the desired time for the initial normal values
marked by the baseline for each human being.

Each individual presents different performance metrics, either by their mental state
on that day, or session, up to the moment of obtaining data, so the baseline allows
an understanding of the current resting state of each participant and a comparison.
Therefore, due to the different metrics in each individual, it is not possible to have a
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standardization of performance metrics. However, it is possible to measure the change
in these metrics over time when different stimuli are presented, then a comparison is
made between the baseline and some other relevant event to observe the change in the
metrics.

4 Results

Applying the emotion evocation pilot methodology, the customer experience at the store
could be measured by the aggregation of Emotiv’s performance metrics through the
shopping journey. Since these results only use information from 3 participants, it allowed
the researchers to identify problems on the customer journey experience on the retail
store on one of its locations. The results are depicted like radar charts, which are formed
by 6 axes. Each axis represents a performance metric variable, and each set of data is
represented by a color. These figures are used for a better lecture.

4.1 Payment System Importance for the Customer Experience

It was observed that while the participants recalled their payment journey, the three
observed their problems when they tried to pay by credit card. The performance metrics
showed a stress increase after the store staff stated the issue with their payment system
(yellow color and squares in Figs. 1 and 2).

Additionally, relaxation, which represents the ability to change focus and switch
between tasks; all the participants upon completion of the payment journey (green color
and circles) had a low level of this metric compared to the point of the statement of
the crash pay system. This could indicate that the experience of this failure generates
stress that remains after the payment journey is completed (Figs. 1 and 2). Without this
methodology, it would have been difficult to find this reaction to the error or crash in the
payment system.

On the other hand, the three participants showed an increase in their interest levels
while the payment task in the journey was recalled. This metric can note aversion or
attraction to a stimulus. In this case, it could be taken on aversion, as indicated by the
aforementioned metrics.

As shown in Figs. 1 and 2, it is possible to observe an increase in stress along all
three (3) participants. This increase was observed during the payment procedure, where
in all three participants, the system failed and didn’t allow them to pay with anything
except cash (yellow color and squares).

Furthermore, the performance metrics observed in Fig. 3, excitement, interest, and
relaxation (green color and circles) increased compared with the start levels before the
payment of the items (blue color and triangles). This could mean that the participant
had a conscious positive emotion at the time of the purchase, even though they had to
pay for the items in different store departments. This positive emotion can be related
to a decrease in the excitement level at the moment before and over the purchase. It’s
possible meaning, regardless of the outcome, the excitement still increased, even with
the payment failure.
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Participant 2 during crash in payment system

Engagement
80
Stress Excitement
Relaxation \Y / Focus

N/
a

Interest

A Before paying During paymentfailure @ After paying

Fig. 1. Performance metrics along the payment journey, with system failures on participant 2.
Showing an increase in stress and interest; with stress levels from 38 to 39 points and interest
levels from 47 to 48 points.

Participant 3 during crash in payment system

Engagement
80
Stress Excitement
Relaxation Focus
Interest
A Before paying During payment failure @ After paying

Fig. 2. Performance metrics along the payment journey, with system failures on participant 3.
Showing an increase in stress and interest among the participant 3, showing stress levels from 37
to 45 points and interest levels from 47 to 56 points.

Therefore, by using the emotion evocation methodology it was possible to observe
the psychological effects along the journey in the product payment. For this instance,
the negative effects of a payment system failure lead to an increase in stress. This allows
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Participant 1 during payment problem

Engagement
80
Stress Excitement
Relaxation Focus
Interest
A Before paying During paymentfailure @ After paying

Fig. 3. Performance metrics along the payment journey, with system failures on participant 1.
Showing an increase in stress and interest among the participant 3, showing stress levels from 37
to 45 points and interest levels from 47 to 56 points.

us to find a possible problem that the chain store can fix and prevent further instances of
bad payment experience for their customers.

4.2 Shortage of Staff Affects Customer Experience

On top of that, it was also possible to observe how the performance metrics change
with the staff presence and their help through the shopping journey. This change in the
performance metrics was seen when the staff attendant brought assistance to a participant
(Fig. 4, blue color and triangles).

Also, it was noted in the data how the presence of staff affected the participants
at an emotional level; a decrease could be observed when activities were carried out
without collaborators (Fig. 4, color yellow and square), and an increase when there was
the opportunity to interact with them (Fig. 5, color yellow and square).

Firstly, in Fig. 4, we can see the journey of participant 1, where the performance
metrics of her sensory reactions to being lost in the store without having a specific
goal (blue color and triangle) were observed. It is possible to see how the lack of store
personnel affects the values of the performance metrics by not observing a collaborator
and reacting to her journey in the store.

The increase in the levels of engagement can be attributed to the concentration
on remembering the task of his trip the day before as the participant observes on the
screen, making him aware of his behavior in the recorded video. Likewise, should also
be emphasized the metrics of their concentration and interest when browsing the store;
they have values that correspond to the interaction with a collaborator (blue color and
triangle), the search for items without a collaborator (yellow color), and the continuation
of their search without a collaborator (green color and circle), respectively. There it’s
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Participant 1 Searching with Employee and after

Engagement
80
Stress
Relaxation
Interest
A With interaction Searching for a product @ Continuing searching

Fig. 4. Performance metrics along the searching journey, with contributor assistance and after
the assistance on participant 1. It is possible to observe an increase in engagement by 13 points
compared to their initial level during their search in the store; a decrease in excitement from 96 to
37 points and in concentration from 82 to 53 points.

Participant 2 Finding an employee
Engagement

80
6
Stress 0 Excitement
20
0

Relaxation Focus

Interest
A Searching for a product Finding an employee/staff member
Fig. 5. Performance metrics along the searching journey, with contributor assistance and after

the assistance on participant 2. Showing an increase in excitement, from 18 to 25 points; interest
from 45 to 73 points; relaxation from 23 to 43 points.

noted how excitement and focus decrease, having a peak value when the participant
interacts with a staff member and decreasing for the rest of the journey.
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The changes in excitement and concentration allow us to infer how the lack of
personnel caused a loss of excitement and concentration in their search for products,
which could be the cause of a potential purchase at risk of not being completed. The
participants (P1 and P2) commented on the possibility of having help but not receiving
it due either to the lack of presence of collaborators or available personnel. On the other
hand, excitement measures the levels of emotion that physiologically show high attention
to a task, generalizing along with the exponential loss of concentration, where we can
observe that P1 had a decrease in attention in the search for products when he started a
part of his journey without attention to the customer or showing interest in his present
needs.

In addition, another important sensory metric is the increase in relaxation of more
than half, increasing compared to the baseline when initiating a search for your products.
If possible, the user witnessed an event where their cognitive load was low by not having
something that caught their attention. This could be processed as a positive metric, but the
emphasis should also be given to the timely cognitive load for decision-making explained
by Victor Yocco [27] in his book Design for the Mind: Seven Psychological Principles
of Persuasive Design; in this case, the selection of items with control reasoning and
normative beliefs could lead them to make a decision which is supported by the context
of being assisted by a collaborator previously knowledgeable in the area of children.

Secondly, Fig. 5 shows how participant 2 was performing tasks 1 and 2, needing
recognition and information search, for about ~40 min, during which no staff inter-
acted with him. As the participant was passing through several departmental areas and
observed several employees, who were seen to be available but not interacting with him.
These conditions give rise to the episodic memory reactions when showing the video to
participant 2, where the values of when he goes through the shoe department (blue color
and triangle) and when he observes a collaborator (yellow color and square).

These increased values of excitement, interest, and relaxation could show that the
cause of these increments is due to the possibility of help being present in the area; causing
the participant to feel more excited or interested in interacting with a staff member. This
may be due to a person’s tendency to have an idea of what they are looking for, allowing
the employee to inquire and present options or recommendations as they see fit. During
this event described and seen in Fig. 5, participant 2 appears to have an increase in
their interest, meaning attention focused on the employee, accompanied by a relaxation
regarding possible confidence in having a person available for his or her search. The
potential of offering options from an experienced or knowledgeable store employee
could allow the customer a short and concise trip.

To conclude, the described results have the potential found with the emotional evoca-
tion methodology, offer new ways to explore the customer experience, to find significant
insights into critical points of the journey, and help to show some emotions difficult to
express to the participants in the cultural or educational context. In the pilot study, it was
possible to observe the emotional reaction to the crash of the payment system during
task 4, product payment, and on tasks 1 and 2, need for recognition and information
search, how the employees play an important part in the experience with their presence
and aid to the customers.
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S Discussion

First, it was observed that the participants had common friction points throughout the
shopping journey. The inability to pay by credit card, possibly derivatives in increases
of stress and aversion to the experience. This could mean a possible negative emotion,
that would result in an unpleasant experience and a potential dropout of the purchase or
loss of loyalty from regular customers.

Another observation was the possible effect of the presence and companionship
of the store staff throughout the shopping journey. The absence and lack of aid from
them, generate a general decrease in the performance metrics, while the opposite stimuli
increase them. Highlighting the importance of the store staff for the customer journey is
vital for a better shopping experience.

The implementation of performance metrics with EEG (Emotiv EPOC+) had a posi-
tive impact on the analysis, as it was complemented with more usual methods to measure
customer experience. This is a major element of change because it doesn’t rely only on the
self-report of experience of the participants [13]. The information collected by the pro-
posed research method is relevant to building a journey map as described by Stickdorn,
Hormess, Lawrence, and Schneider [21], specifically to know precisely all the stages and
steps of the journey as well as the construction of an emotional journey and a quantitative
dramatic arc and to observe and identify the channels and stakeholders involved in order
to achieve a thoroughly understanding of the user experience. This information allowed
us to conclude how the in-person shopping experience is still critical for department
store customers.

Finally, it is important to note that although the results obtained are not general-
izable, due to the sample size and the contextual specificity of the present pilot, they
are relevant because the proposed methodology allows the detection of possible fric-
tion areas to explore different scenarios, thanks to the combination of different research
methods; usual verbalization, video analysis and analysis of biosignals. Through which
issues could be identified, without the presence of EEG would have been hard or even
impossible to find, since the information obtained couldn’t be expressed through con-
ventional methods like interviews or surveys. This kind of approach could help the
difficult population externalize their thoughts and feelings with service and products;
being an inversion to customer experience research, making room for the improvement
of the store experience. Furthermore, the methods used to identify the population with
BCI Illiteracy [3] before starting a participants’ journeys benefiting from the Emotiv
EPOC+’s portability, could save time and efforts on research expenses.

We assume that the combination of the aforementioned methods and the implemen-
tation of biosignal analysis provide the study with a greater capacity for discoverability
of critical points on the journey, making this method a viable and useful alternative for
the task of user experience research.

References

1. Agrafioti, F., Hatzinakos, D., Anderson, A.K.: ECG pattern analysis for emotion detection.
IEEE Trans. Affect. Comput. 3, 102-115 (2012)



168

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

F. U. Osornio Garcia et al.

Allen, P.A., Kaut, K.P,, Lord, R.R.: Emotion and episodic memory. Handb. Behav. Neurosci.
18, 115-132 (2008)

. Allison, B.Z., Neuper, C.: Could Anyone Use a BCI? In Brain-Computer Interfaces, pp. 35-54.

Springer, London (2010)
Antonucci, S., Reilly, J.: Semantic memory and language processing: a primer. Semin. Speech
Lang. 29(1), 005-017 (2008)

. Bechara, A., Damasio, H., Tranel, D., Damasio, A.: The Iowa gambling task and the somatic

marker hypothesis: some questions and answers. Trends Cogn. Sci. 9, 159-162 (2005)

Das, P., Khasnobish, A., Tibarewala, D.N.: Emotion recognition employing ECG and GSR
signals as markers of ANS. In: 2016 Conference on Advances in Signal Processing (CASP),
pp. 37-42 (2016). https://doi.org/10.1109/CASP.2016.7746134

Dolan, R.J.: Emotion, cognition, and behavior. Science 298(5596), 1191-1194 (2002)
Ellard, K.K., Farchione, T.J., Barlow, D.H.: Relative effectiveness of emotion induction pro-
cedures and the role of personal relevance in a clinical sample: a comparison of film, images,
and music. J. Psychopathol. Behav. Assess. 34(2), 232-243 (2012)

Ergan, S., Radwan, A., Zou, Z., Tseng, H.A., Han, X.: Quantifying human experience in
architectural spaces with integrated virtual reality and body sensor networks. J. Comput. Civ.
Eng. 33(2), 04018062 (2019)

Gonzidlez, V.M.: Ensayos de Sperientia. Sperientia Studio + Lab (2018)

Hanouneh, S., Amin, H.U., Saad, N.M., Malik, A.S.: EEG power and functional connectivity
correlates with semantic long-term memory retrieval. IEEE Access 6, 8695-8703 (2018)
Horikawa, E., et al.: “[Procedural memory]” Nihon rinsho. Jpn. J. Clin. Med. 69(Suppl 8),
331-336 (2011)

Hu, W., Huang, G., Li, L., Zhang, L., Zhang, Z., Liang, Z.: Video-triggered EEG-emotion
public databases and current methods: a survey. Brain Sci. Adv. 6(3), 255-287 (2020)
Kellog, R.T.: Fundamentals of Cognitive Psychology. SAGE Publications, Inc. (2012)

Law, L.-C., Roto, V., Hassenzahl, M., Vermeeren, A., Kort, J.: Understanding, scoping and
defining user experience: a survey approach. In: Proceedings of the CHI’09, pp. 719-728
(2009). https://doi.org/10.1145/1518701.1518813

Mauss, I.B., Robinson, M.D.: Measures of emotion: a review. Cogn. Emot. 23(2), 209-237
(2009)

Nielsen, J.: Enhancing the explanatory power of usability heuristics. In: Proceedings of the
SIGCHI conference on Human Factors in Computing Systems, pp. 152—158 (1994)
Repetto, C., et al.: Immersive episodic memory assessment with 360° videos: the protocol and
acase study. In: Cipresso, P., Serino, S., Villani, D. (eds.) Pervasive Computing Paradigms for
Mental Health: 9th International Conference, MindCare 2019, Buenos Aires, Argentina, April
23-24, 2019, Proceedings, pp. 117-128. Springer International Publishing, Cham (2019).
https://doi.org/10.1007/978-3-030-25872-6_9

Salazar, K.: User Experience vs. Customer Experience: What’s The Difference? Nielsen
Norman Group (2019). https://www.nngroup.com/articles/ux-vs-cx/

Shu, L., et al.: A review of emotion recognition using physiological signals. Sensors 18(7),
2074 (2018). https://doi.org/10.3390/s18072074

Stickdorn, M., Hormess, M., Lawrence, A., Schneider, J.: This Is Service Design Doing:
Applying Service Design Thinking in the Real World. O’Reilly Media (2021)

Thaler, H.R., Sustein, C.R.: Un pequefio empujén, 2da edicién. Penguin Random House
Grupo Editorial (2017)

The Definition of User Experience (UX): Nielsen Norman Group. https://www.nngroup.com/
articles/definition-user-experience/ (2013)

Tulving, E.: Episodic and semantic memory. In: Tulving, E., Donaldson, W. (eds.) Organiza-
tion and Memory, pp. 381-403. Academic Press, New York, NY (1972)


https://doi.org/10.1109/CASP.2016.7746134
https://doi.org/10.1145/1518701.1518813
https://doi.org/10.1007/978-3-030-25872-6_9
https://www.nngroup.com/articles/ux-vs-cx/
https://doi.org/10.3390/s18072074
https://www.nngroup.com/articles/definition-user-experience/

25.
26.

27.

28.

Emotional Analysis Through EEG on In-Store Journey 169

Tulving, E.: Elements of Episodic Memory. Clarendon, Oxford (1983)

Van Camp, M., De Boeck, M., Verwulgen, S., De Bruyne, G.: EEG technology for UX
evaluation: a multisensory perspective. In: Advances in Neuroergonomics and Cognitive
Engineering: Proceedings of the AHFE 2018 International Conference on Neuroergonomics
and Cognitive Engineering, July 21-25, 2018, Loews Sapphire Falls Resort at Universal
Studios, Orlando, Florida USA, vol. 9, pp. 337-343. Springer International Publishing (2019)
Yocco, V.: Design for the mind: seven psychological principles of persuasive design. Simon
and Schuster (2016)

Zabcikova, M.: Measurement of visual and auditory stimuli using EEG headset Emotiv Epoc+.
MATEC Web of Conferences 292, 01023 (2019)



	Emotional Analysis through EEG on In-Store Journey
	1 Introduction
	1.1 A Glimpse into Human Memory
	1.2 Episodic Memory and Emotional State
	1.3 Evoking Emotions Through Episodic Memory
	1.4 Methods for Emotion Quantification
	1.5 Similar Studies Measuring Emotions

	2 Materials and Methodology
	2.1 Participants
	2.2 Procedure

	3 EEG Data Interpretation
	4 Results
	4.1 Payment System Importance for the Customer Experience
	4.2 Shortage of Staff Affects Customer Experience

	5 Discussion
	References




