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Abstract. Brain Computer Interfaces — BCI allow users to communicate with the software system through
cognitive functions measurable by brain signals, identified as Electroencephalography — EEG. User tests have
been the most used method for usability evaluation of BCI software applications. In user tests, the data collected
comes from the opinions of users through questionnaires, these tests require a lot of time, since they include
not only performing interaction task and the application of the questionnaires, but also include placing and
calibrating the EEG device. All this makes the evaluation process a very heavy task for the participants of the
test and can mean that the data collected is not entirely reliable. That is why we are interested in including EEG
signals in the usability evaluation process of applications with BCI software applications. Therefore, we present
in this paper the result of the analysis of state of art in order to identify the relevant works in the area and future
lines of research.
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Abstract. Helipoxomnsiorepusie untepdeiics! (Brain Computer Interfaces, BCI) mo3Bossror nons3oBaTesm
00MLIATHCS C IPOrPAMMHON CHCTEMOH TTOCPEICTBOM KOTHHUTHBHBIX (DYHKIHH, H3MEPSIeMBIX CUTHAIAMH MO3Ta,
KOTOpbIE ONO3HAIOTCA € MOMOLIbIO. 3eKTposHuedanorpadun — O3I. Haubonee yacTo HCHOIB3YEeMBIM
METO/IOM OLIEHKH YZ00CTBa MCIIOJIb30BAaHUS NPOrpaMMHBIX npuioxkeHuid BCI SBisrOTCA MOJIB30BATEIbCKHIE
TecThl. B 10/IB30BaTENBCKUX TECTaX NAHHBIE COOMPAIOTCS Ha OCHOBE MHEHHMII IIOJIB30BaTeNeH, MOIydaeMbIX
IyTeM AaHKeTHpOBaHHWsA. Takas OIEHKa TpeOyIoT MHOTO BPEMEHH, IOCKOIBKY TpEOYIOTCS HE TOJBKO
BBITIOJIHCHHUE 3a/IaHUA Ha Bsaumoueﬁcmue U 3al0JIHCHUE AaHKET, HO TAKXE€ U pasMCUICHUEC U KaJ'lPleOBKy
ycrpoiicta DOI. Bee 3T0 aenaer nporecc OUeHKH OYeHb TSDKEJION 3ajadell Uil y4aCTHUKOB TECTa U MOXKET
03Ha4aTh, YTO COOpPAHHBIC TaHHBIE HE COBCEM HANEKHBI. BOT moueMy Hac MHTepecyeT BKIIOYCHHU CUTHAIOB
O0I' B mpomecc OIEHKHM YAOOCTBa NPUTOJHOCTH K HCMonb3oBaHuio mpmioxennid BCIL. Ilostomy Mbr
HPE/ICTABIISIEM B 3TOM CTAaThe pe3yJIbTaT aHAJIN3A COCTOSHUS JIeJ1, YTOOBbI ONPE/ICIUTh 3HAYMMBbIE PA0OTHI B 3TOM
oOyacTu ¥ OyAylue HarpaBJIeHUs! HCCIIeJOBAaHUH.

KitioyeBbIe ¢/10Ba: IPUTOIHOCTD K HCHOIb30BAaHHIO; HEHPOKOMIIBIOTEpHBIe HHTepdeHChl; cHrHaIbl D3I
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1. Introduction

Usability is defined as: «The range in which a product can be used by specific users to achieve
certain specified goals with effectiveness, efficiency and satisfaction in a specified context of use»
(ISO 9241-11). The usability evaluation can be carried out following different paradigms: Quik and
dirty, usability tests, field and predictive studies, which through different techniques such as: user
tests, thinking aloud, interviews, questionnaires, heuristics, etc. collect data for analysis. The data
collected can be quantitative and qualitative, which can also be recovered from physiological
measures such as: cardiac rthythm, blood pressure, temperature, etc.

Our interest is the evaluation of the usability of BCI software applications. In these applications, the
interaction between users and the computer system takes place through electrical activity of the
human brain and the device to be controlled Gentiletti [17]. In BCI software applications, usability
is traditionally evaluated by user testing. User tests can be Qualitative usability testing and
Quantitative usability testing.

These tests comprise 3 phases: 1) Interaction with the User, 2) Application of the questionnaires
(post-task or post-test, and 3) Collection and analysis of data. The interaction is the time allocated
to the task, the application of questionnaires, the opinion about the application is obtained, then the
data of the questionnaires are collected and analyzed by statistical means (mean, average, mode).
Through the questionnaires, subjective measures are retrieved that depend on the opinion or state of
mind of the user, which may affect the results of the evaluation. On the other hand, the application
of the questionnaire can be given only at specific times, it is usually done after completing the test,
however, the questionnaires can also be applied after completing specific tasks, which can increase
the time of the test. evaluation, this can cause fatigue in the participant when performing the usability
test, for example at work [35], users express that the questionnaires are confusing, long, tedious and
presented a high degree of fatigue and workload throughout the evaluation process.

Particularly for the evaluation of BCI software applications through usability testing, the calibration
phase is added to the process at the beginning of the evaluation process. We call it Phase «0»
calibration refers to ensuring that all channels respond equally, looking at the quality of the signal.
This phase can make the test longer and can contribute to participant fatigue.

On the other hand, it is important to note that EEG signals have been used in «Neuromarketing»[52]
and «Clinical studies» [16] where are they used to assess cognitive states of patients. Therefore, the
EEG signals have been linked to workload, concentration, emotions, etc. [2,3,14].

The paper by Rhiu [44] shows a review of the BCI evaluation works, classifying by dimension of
usability and showing the measures, but obtained only through questionnaires and describing the
most used. The objective of this paper is to present the results of the analysis of the literature on the
usability evaluation of applications with ICC, that is, to know what are the methods and techniques
used in the evaluation, highlighting the analysis of the use of EEG signals in the obtaining usability
measures, the data that ensured the EEG signals and exploring the possibility of being used in the
evaluation of usability, classifying the EEG signals by measure and dimension.

The paper is organized as follows: In section 2 it presents the description of the BCI software
applications, in section 3 the techniques, dimensions, measures, and the usability evaluation process
are shown, in section 4 the process that was carried out for the search, from the selection of the
database to the analysis of the results, the classification and the analysis carried out of the
information (papers) obtained, and in section 5 the discussion of the results (evidence) and finally
the conclusions.
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2. Brain-Computer Interface — BCI

The term interface is used to name the functional connection that exists between two software
systems, devices, which provides communication at various levels, making an exchange of
information possible. In Brain-Computer Interfaces-BCI, this exchange of information takes place
between the electrical activity of the brain and the device to be controlled. BCls provide their users
with communication and control channels that are not dependent on normal output channels [17].
BClI software applications can be developed using a variety of different types of neurological signals,
such as functional near-infrared spectroscopy (fNIRS), magnetic encephalography (MEG), or
functional magnetic resonance imaging (fMRI). However, one of the most widely used methods to
measure neurological activity used in BCI is the electroencephalogram (EEG).

The architecture of a BCI can be divided into 3 important components. The first component is the
human through cognitive functions that are executed when the human being receives, interprets, and
stores information, at the moment of sensory perception, then an action is executed according to the
previous perception. The second component is the interaction, when the action performed by the
user is sent to an input interface, the recognition of the action is performed, the representation and
ending with the sending to the output interface, to start the cycle again with the perception. The third
component is the recognition of the actions by the computer and the subsequent representation, the
computer is in charge of interpreting the cognitive functions of the user and executing the actions
thus giving feedback to the user to continue with the cycle.

There are different types of devices to measure brain activity, from the complete medical EEG with
32 channels, to headbands or caps that contain 32 to 2 channels. One of the most widely used
headbands is the Emotiv Epoc [47,49]. Other hardware used are NIRSport 2 [28], the IMEC EEG
[39], or they decide to create their own device [39].

Neural activity during user interaction is recovered with EEG signals. In the signal analysis, three
stages are defined: 1) the acquisition of the signal, 2) the processing of the signal, and finally, 3) the
interaction with the control interface and the device driver. The signal processing stage can be
divided into 2 actions: characteristic extraction and classification. In this phase, specialized
techniques and algorithms are used. For the extraction of characteristics, the most used algorithms
are: ICA [49], LDA [51], PCA, etc., dedicated to obtaining the characteristics, important or
predominant patterns in the EEG signal. Subsequently, for the classification of characteristics are:
the linear discriminant analysis that uses Bayes' theorem, the vector support machine [10], the
artificial neural networks (multilayer perceptron) [53], the model classifiers of hidden Markov, the
fast Fourier transform (FFT) [7,16], among others.

3. Usability in Bci Software Applications

Usability is part of the broader term «User Experience-Ux» and refers to the ease of access and/or
use of a product or website [33]. A design is not usable or unusable; it depends on its characteristics,
the user context (what the user wants to do with it and the user's environment), all this determines
its level of usability.

There are 4 paradigms for usability evaluation: Quick and dirty, usability testing, field studies and
predictive or heuristics. The first 3 paradigms require user participation and in the last paradigm, the
evaluation is done by usability experts, using heuristics or interaction models [18,57]. These
techniques require the participation of a representative sample of end users. These evaluations are
usually carried out during the later stages of development. Representative techniques are: 1)
Thought aloud protocol: When users are tested, while they are in the interaction phase, users are
asked to verbally express what they are thinking and what they do not understand, to express their
opinions about the system, product, software, etc. [34,38]. 2) Eye-tracking: Allows documenting
the system points that the user has been always looking [29]. 3) Card Sorting: This technique helps
to discover or validate how users understand the relationship between different elements. It consists
of giving the participants a series of «cards» to organize items under predetermined categories [46].
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4) Test A/B: It consists of comparing two versions of the same system, interface, or application to
check which of the two versions is more efficient. These variations, called A and B, are randomly
shown to different users [13]. 5) Questionnaires: These instruments allow the software evaluator to
retrieve data during the task or after the test. Some of these questionnaires are described below.
NASA Task Load Index (NASA TLX) [25] is a technique for assessing mental workload. Derive a
general workload based on six subscales: mental demand, physical demand, time demand,
performance, effort, and frustration. Visual Analogue Scale (VAS) [11] is a questionnaire to evaluate
a “feeling”, generally it is carried out to evaluate the satisfaction of a system in the BCI usability
studies. Questionnaire for User Interface Satisfaction (QUIS) [9] is a Satisfaction Questionnaire that
elicits user feedback and assesses user acceptance of a computer interface. System Usability Scale
(SUS) [25] and Utility, Satisfaction and Ease of Use (USE) questionnaire are simple but effective
tools to evaluate the usability of various products. Also, the IBM IT [26,44] usability satisfaction
questionnaires also measure user satisfaction with usability in a computer system.

In another hand, there are three principles or dimensions have been defined for the measurement of
usability, they are efficiency, effectiveness, and satisfaction [ISO/IEC TR 9126-4]. Effectiveness
refers to the precision and completeness with which certain users achieved specific objectives in a
particular environment. Efficiency corresponds to the fact that the system must be efficient to use
so that once the user has learned the system, and satisfaction refers to how pleasant it is to use the
product. It has also been considered that usability can also be measurable in terms of: «Ease of use»,
«Learning ability», «Consistency», «Frustration», «Task speed», «Accuracy», etc. [19,22,37,44].

To obtain the dimension of effectiveness, it is obtained through objective measures, which
correspond to «How effective and efficient is a system / product», the questions raised are perfectly
delimited, the results are quantitative and admit a single solution, taking as an example of
measurements the accuracy of the classification, the error rate, the task completion rate, etc. In the
case of efficiency, it is achieved through objective and subjective measures, the latter refer to the
personal opinions of the user, as an example of the measures on the part of efficiency is mental
demand, frustration, effort, and on the other hand satisfaction, measures of ease of use, learn-ability,
usefulness, reliability, consistency, etc.

4, Method of Search Process

There are different types of research like quick review, scope review, etc. However, it was decided
to conduct a systematic review. Systematic review is a research method and process for identifying
and evaluating relevant research, as well as collecting and analyzing data from such research. The
goal of a systematic review is to identify all the empirical evidence that meets the inclusion criteria
to answer a given research question [45]. In the process of searching and selecting the papers, the
Kitchman proposal for systematic reviews was followed [58]. Kitchman's method includes the
following phases: 1) Selected database, 2) keywords for the search, 3) Inclusion and exclusion
criteria, 4) Selected papers and finally 5) Quality assessment, then the analysis task was carried out
(See Fig.1).

For the search and analysis of the related works, the following research questions were defined: 1)
How is the evaluation of the BCI software applications carried out?, Which would allow to know
the methods and techniques used for the evaluation in the BCI, to understand the phases, stages and
instruments used, 2) What have the EEG signals been used for? and what information can be obtained
from the signals?, with the objective of know what data or information the EEG signals can provide,
in what area and for which the EEG signals have been used, 3) Do the EEG signals provide enough
elements (data) to assess usability?; with the purpose of analyze whether the information provided
by the signals is sufficient and influence the usability evaluation. The research method for the search
for related papers began with the selection of the most important and well-known databases,
subsequently, the keywords related to the subject of usability evaluation in the BCI software
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applications were defined. Once the search was carried out, those works that were not directly related
to the topic of interest were excluded, and the resulting papers were classified by the evaluation.

Selected Keywords in Selected Quality
DataBase the search papers assessment

Fig. 1. Process for search and selection of related papers

In the Selected Database for the search, the information sources IEEE, Springer, Elsevier, ACM,
Taylor and Francis, among others, were defined. These bases are the best known, important, and
complete, mainly considering the research area of this work.

For the Keywords in the search the papers were searched in the electronic databases, with the
following search string: («kEEG» and «HCI») OR ((«Brain Computer Interface» OR «BCI») AND
(«Usability» OR «User Experience» OR» UX «)), using the boolean operators «AND» and «OR»
that are used in the formation of the search string in the database, this string was used in the search
of each of the databases selected. Those works that were not indexed and published, also those prior
to 2005, were discarded.

In order to focus only on papers relevant to the research, it was necessary to define inclusion and
exclusion criteria. Which are described below: Inclusion criteria: 1) The paper is related to some
dimension or measure of usability or UX and EEG. 2) The paper presents an experimental study on
usability or the use of EEGs or on obtaining usability measures. 3)Papers published since 2005-
Present. Exclusion criteria: 1) The paper includes the BCI software applications but has no relation
to usability. 2) The paper is related to EEG but does not perform the analysis or evaluation of any
measure of usability. 3) If you do not present significant evidence or a conclusion.

From the search in the different databases, 139 papers were found. Subsequently, those papers that
were found to be duplicates were excluded. In case of doubt, the full text versions of the citations
were consulted. Resulting in 96 full-text papers evaluated for eligibility.

Continuing with the filtering by each inclusion and exclusion criteria, 18 papers that were not related
to usability or UX were excluded, 21 papers that were related to the topic of electroencephalography
but that did not carry out the analysis or evaluation of any usability measure, and finally 18 papers
that do not present significant evidence for the study. Culminating with 41 primary papers.

The Selected papers in Table 1 shows the total number of selected jobs. Column 1 shows the
database consulted, column 2 the total number of papers excluded per database, column 3 the number
of primary papers and finally column 4 the percentage of primary papers per database. A total of 41
papers were identified. The databases with the highest results were IEEE, Springer and ACM.
Numerous context-aware papers have grown considerably since 2010. The number of papers in 2018
has become 7 times the number of papers in 2007.

Table 1. Classification of papers based on the database

Elsevier 9 3 7.32%
IEEE 26 17 41.5%
Inderscience Enterprises 6 1 2.44%
Springer 17 10 7 17%

Public Library of Science 3 1 2.44%
MDPI 5 3 2 4.88%
ACM 3 5 12.2%
Others 64 59 5 12.2%

I B N B I
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In the Quality assessment, each SLR was evaluated using the York University, Centre for Reviews
and Dissemination (CDR) A quality assessment tool for diagnostic accuracy studies (QUADAS)[3],
using the following criteria: 1) Are the user’s representative of the users who will receive the test in
practice?, 2) Is the reference standard likely to correctly classify the target condition?, 3) Was the execution
of the experimental study described in sufficient detail to allow replication?, 4) Were un-interpretable/
intermediate test results reported?, and 5) Are the data with which the test results were interpreted available?.
these criteria consist of 4 key domains that cover the selection of patients, the reference standard,
the execution of the test (description and replication), and the interpretation of results.

5. Analysis of Results

In the works found, it was identified that the usability of the ICC was obtained through usability
tests, applying techniques such as questionnaires or EEG signals for data collection.

In the Data collection by Questionnaires, some questionnaires that were used in BCI usability
studies are as follows: NASA-TLX [25], VAS [11], Assistive Technology Device (ATD-PA)
Readiness Assessment Device form, SUS survey, QUEST 2.0 Questionnaire, IBM Computing
Usability, USE Questionnaire, and QCM Questionnaire. These questionnaires were described in
section 3.1. The works of Garcia Ramirez et al [16], and Pasqualotto. et al. [38], used the SUS
questionnaire to obtain ease of use. On the other hand, the works of Chowdhury [10] and Laar et al.
[24] used the VAS questionnaire to measure the mood of users. And finally, Pasqualotto ef al. [38]
and Laar et al. [24] measured workload using the NASA tlx questionnaire. Finally, some studies
proposed and carried out their own evaluation tools [44], to obtain measures such as comfort and
mood, in a precise way, which may not be possible when using existing questionnaires. Table 2
shows works that have used questionnaires to collect data that measure different elements of
efficiency, effectiveness, and satisfaction.

Table 2. Subjective measures obtained by questionnaires in BCI

- |
| Dimension | __ Measure | Reference |

Workload [24,38]
‘ Comfort [35]
Efficiency Frustration [24]
Fatigue [10]
Mood [10]
Learning ability | [38]

Satisfaction | Easy touse [16. 38
Motivation [10]
Presence [24]

Fun [24]

On the other hand, data collection by EEG is presented, with respect to EEG signals and frequency
bands Delta (0.1 Hz to 3.9 Hz), Theta (4.0 Hz to 7.9 Hz), Alpha (8.0 Hz to 12.9 Hz), Beta (13 Hz to
29.9 Hz) and Gamma (from 30 Hz to 100 Hz) in BCI that have been used to obtain measures such
as «Concentration», «Emotions» and «Fatigue». In several works they measure the factors by
obtaining the frequency bands of the signals, in most they perform the combination of the different
bands. For the level of concentration, in the work of Wang et al. [54], they get the concentration
level in the entertainment area, reporting the experiments they carried out and identifying that the
«O1» channel and the combination of all bands help in the detection. In relation to «emotionsy, the
following works were found: In Garcia's work [16] performs emotion detection through EEG signals
of a BCI software application for people with cerebral palsy is described, the main contribution of
this work is the method used to obtain the emotions of the users during their interaction with BCI,
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and it’s identified the channels F3 and F4 with the band Alpha are the data that provides or influences
the most for the detection of emotions. Another work is of the Sourina et al. [36] where emotion
detection is performed and describes some examples where it can be used such as «Emotional
Avatar», «website», «music reproductionsy, etc., using 14 channels and the combination of all
bands. And finally, regarding “fatigue”, the work of Arai et al. [4], performs the load measurement
with the Alpha band.

Regarding the use of signals, the brain processes that reflect cognitive and attention states during
human-machine interaction are studied extensively with EEG. Therefore, the signals have been
occupied in obtaining measures such as: “Workload”, “Comfort”, “Attention”, “Stress”, “Mistakes”
and “Emotions” mainly in the areas of Neuromarketing and clinical studies. In the field of
neuromarketing, economists use EEG research to detect brain processes that drive consumer
decisions, brain areas that are active, and mental states [50]. In clinical and psychiatric studies, EEG
is used to assess the cognitive states of patients, determine sites of lesions, and symptoms [16].

In the workload, some examples of these works are: 1) The work of Kumar et al. [23] carried out
the measurement of the workload of cognitive tasks, obtaining with this study which are the channels
that most influence to make a correct classification, being AF3, AF4, T7, and T8. 2) The works of
Appriou et al. [3] occupying 28 active electrodes in the 10/20 system. And 3) Frey et al. [14] use 32
channels, and Antonenko obtains the workload with the channels «F7 and P3». For “comfort”, in
the work by Frey et al. [15] they use the 32 active channels. Regarding “attention”, in the work of
Putze et al [40], they detected that the channels «P8, CP6, and O2» are the ones that contribute the
most or influence. In the “stress”, the work of Hosseini et al. [19], occupying the channels FP1, FP2,
T3, T4, and Pz provides enough information for stress measurement. And finally, regarding
“emotions”, the work of Ansari ez al. [1] given that there are already several studies for the detection
of emotions, its main attribution is the selection of the channels that most influence their
classification/EEG detection, making the processing of count is lower, selecting the channels F3,
F4, CP5, CP6 those that influence the most. The works that carry out the obtaining of measurements
by means of EEG are presented in table 3, classifying the works by signal, in this the usability
module that is being evaluated is presented, what measure are they obtaining, what are the signals
that they are occupying.

Table 3. Measures obtained by EEG signals

Measures Signals

Reference

AF3, AF4, T7 and T8 [23]

28 channels [3]

Workload 32 channels [14]

F7,P3 2]

Comfort 32C-Pz [15]

o1 [54]

Attention P8, CP6y 02 [40]

32 channels [14]

Stress FP1, FP2, T3, T4, Pz [19]

Mistakes 64 channels [37]
14 channels [8, 22, 36, 41]

F3,F4 [16]

AF3, F4 and FC6 [27]

Emotions 32 channels [20, 56]

AFz, F3, F4, CP5, CP6 [1]

63 channels [32]

AF3, AF4, F3, F4 [42]
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AF3, AF4, F3,F4, T7, T8 [21]
FP1, F3, P3, Ol [6]
P3, P6, P7 and PO8 [30]

On the other hand, the frequency bands have been used to obtain the measurements: «workload,
fatigue, comfort, attention, stress, and emotions». To obtain the workload, Antonenko et al. [2]
occupied the Theta and Alpha bands, on the other hand, Appriou et al. [3] only occupied the alpha
band, and Frey ef al. [14] when performing a combination of the 5 bands. Regarding fatigue, Arai
et al. [4] and Mardiyanto [5] determined that the alpha band is decisive. About comfort, for obtaining
Frey et al. [15] occupies the Theta, Alpha and Beta bands. In attention, the Alpha [40], Delta [23]
have been dealt with, apart from the works of Frey [14] and Wang [54]. And finally for emotions,
theta, alpha, beta, and gamma bands have been used, there are also works such as the one by
Kortelainen et al.[20] and Liu et al. [27] that use all 5 frequency bands. The table 4 shows the
classification of the works by frequency bands. This table presents the usability module that you are
evaluating, what measures are you obtaining, what are the occupied bands and the job (s).

Table 4. Measures obtained by bands

Measures ‘ Bands

Reference

Theta [2, 23]
Workload Alpha 2,3, 23]
Beta [22, 23]
Gamma [22]
Comfort All [14]
Fatigue Alpha (4, 5]
Theta [15]
Comfort
Alpha [15]
Stress Beta [15]
Attention All [14, 54]
Alpha [40]
Delta [23]
All [19]
Emotions Theta [6. 22]
Alpha [6, 16, 21, 22, 31,
Eritc:teisosns ’ 32,42]
Beta [6,21, 22,31, 42]
Measures
Workload — [20, 27 [iz)] 36, 41
All 56]
Bands Reference
Theta [2, 23]

6. Discussion

According to the analysis of the literature, it is observed that evaluation of BCI software applications,
are carried out through usability tests and mainly are used questionnaires for data collection.
Usability tests are carried out in three stages: 1) carrying out the task, 2) data collection through
questionnaires and 3) data analysis. This evaluation method allows the collection of subjective data
that comes from the opinions of users, this can cause a certain bias. It is also observed that some
works incorporate EEG signals to complement the evaluation by measuring emotions.

152



Oprera-Xuxon 1.H., Mesypa-T'onioii K. OueHka NpHroHOCTH K HCTIONB30BAHUIO HEHPOKOMITBIOTEPHBIX HHTEP(EHCOB: aHATN3 COCTOSHMUS
nen. Tpyoet UCII PAH, Tom 34, Beim. 3, 2022 1., ctp. 145-158

Studies in other areas such as marketing and medicine use EEG signals and frequency bands to
measure workload, fatigue, and emotions. Delta bands allow to detect retention and concentration.
Several studies analyze Alpha, Beta, Theta bands in combination for the detection of emotions,
comfort, and workload level. These works have allowed us to identify how EEG signals and
frequency bands can be linked to usability measures in the field of efficiency and satisfaction, since
they have been used in other fields with favorable results. Table 5 shows a summary of the signals
and bands, linking them to the measurements and therefore to the respective usability dimension.
classifying by dimension, measure, signals, and bands.

Table 5. EEG signals and frequency bands linked to usability measures

I
Dimension | Vewwres | Sgab | bonis |

F7,P3 Theta
28 channels Alpha

Workload 32 channels Beta

AF3, AF4, T7 and T$ Gamma

Efficiency All
Fatigue 14 channels Alpha
Theta
Comfort 32C-Pz Alpha
Beta

0Ol All
Attention P8, CP6y O2 Alpha
32 channels Delta

Stress FP1, FP2, T3, T4, Pz All

14 channels
F3.F4 Theta
AF3, F4 and FC6

32 channels Alpha

AFz, F3, F4, CP5 and CP6 Beta

Satisfaction Emotions 63 channels
AF3, AF4, F3,F4
AF3, AF4, F3, F4, T7, T8 Gamma
FP1, F3, P3, 01 All

P3, P6, P7 and PO8

7. Conclusions

A systematic and exhaustive review was carried out [58], defining the research questions, keywords,
inclusion, and exclusion criteria, and subsequently the analysis of the results. This research allowed
to know how the evaluation process is carried out in the BCI software applications, to identify the
use of EEG signals, what information can be obtained from them and if they provide enough
elements (data) to be able to occupy them in the evaluation process. Usability evaluations of BCI
software applications are carried out through usability test, using questionnaires mainly for data
collection. However, the main problem we observe is that the questionnaires give subjective
answers, without the certainty of precision and based on the user's opinion. When comparing both
techniques for data collection: questionnaires and EEG Signals, it is appreciated that the main
advantage of using EEG signals objective data are collected, to measure workload, emotions, and
concentration. On the other hand, both in the BCI software applications and in other domains like
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Neuromarketing and clinical studies, the EEG signals have been used mainly, but EEG signals have
not been applied for usability evaluation.

Our analysis reveals that the EEG signals have been used to measure usability, because studies have
used the EGG signals, in order to measure workload, fatigue, attention, comfort and emotions, all
these human factors that have been considered elements of efficiency and effectiveness.

Given the results of this work, the research lines are the following: 1) to explore the possibility to
measures other human factors through EEG signals like Learning, Ultility, Predictability,
Consistency, Reliability, Adaptability, Effort, etc., 2) to know what algorithms are used in EEG
analysis to obtain measures such as SVM (Vector Support Machine), NN (Neural Network), ICA
(Independent Component Analysis), FFT (Fast Fourier Transform), and 3) to apply in BCI software
applications EEG signals and bands used in other domains.
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