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Abstract

This document introduces a systematic literature review on attention and vigilance de-
tection using Electroencephalography (EEG). The purpose of this study is to investigate
the state of the art in the field, find gaps, suggest future work and find answers to the
research questions of the study. The review consists of an introduction that describes
prerequisites for writing current study and general terms, research methods with a de-
scription of research methodology, results section which answers research questions,
discussion, and conclusion sections.

1 Introduction

The use of biophysical signals in the analysis of human physiological state and well-being got broad popularity in
different areas of science. Medical experts use those signals to study the processes in our bodies and how external
factors affect those processes. Computer science researches have acknowledged the role of attention and other mental
states in the well being of a software individuals, teams, and organizations [46, 47, 13, 14, 39, 45, §, 21, 20, 32], and
use biosignals to build systems that will help people monitor their state and develop new analysis techniques that will
help understand the meaning of the collected signals better.

One of the methods for reading brain activity is Electroencephalography (EEG). It studies the functional state of
the brain by recording its bioelectric activity. This method provides a wide scope for experiments because it allows us
to interpret data online, conduct experiments during various activities since it is portable, non-invasive and does not
require the help of doctors.

As was said previously, Computer Science (CS) researchers use EEG in combination with other bio-signals to
build Brain-Computer Interfaces (BCI) — systems that can measure the activity of the brain and the central nervous
system, analyze it and convert it into artificial output. Using different CS algorithms and techniques BClIs can clean,
enhance or improve the natural output of the brain. Moreover, many data analysis techniques can be applied in BCIs
to predict human behavior or state. Such systems can be used in different fields of research such as e-learning, driving,
performance at work and analysis of programmers’ behavior.
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The goal of the research is to perform a preliminary review the current status of the use of bio-signals in the studies
of the human physiological state and how EEG was used in the field. Also, it aims to collect a list of EEG analysis
techniques that can be referenced in further studies.

Section 2 describes methods, states the research questions, defines the search process and queries used and lists
inclusion and exclusion criteria. Section 3 gives answers to the research questions stated in the previous section.
Sections 4 and 5 are dedicated to discussion and conclusion, respectively.

2 Research method

This section describes the research process and steps performed during the Systematic Literature Review (SLR). First,
the formulation of the research questions and their importance is given. Then inclusion and exclusion criteria were
given as well as the data collection process is described.

2.1 Research Questions

To identify the primary studies that address the topic of our SLR we formulated three research questions (RQ). Our
study aims to answer the following ones:

e RQ1: How biophysical signals were used in determining the conditions of human activity or work?
e RQ2: In the framework of RQ1, how EEG was used?

e RQ3: What kind of EEG analysis techniques were used?

2.2 Search Process

Our search process was a manual search in the two largest digital libraries available: ACM Digital Library and IEEE
Xplore Digital Library. For each RQ the keywords were extracted and proper search queries were defined using those
keywords. All the results from all 3 search queries were exported to a Rayyan QCRI [38] — a web-application for
collaboration on systematic literature reviews.

2.3 Inclusion and Exclusion Criteria
During the review process the studies were checked to satisfy the following inclusion criteria:
e Availability online to ensure paper accessibility

e Focus on biophysical signals and especially brain activity

e Focus on measuring the level of attention or stress to ensure its compliance with the study

Format of the research paper (papers, books, thesis, posts, videos, etc.)

e Methods description and approaches of brain activity and biophysical signal analysis
e Focus on studies of work environment

e Written in English

The studies of the following topics were excluded from further processing:

e Any paper that does not satisfy any of the inclusion criteria.

e Papers written by the same authors describing the same factors.



2.4 Data Collection
The data extracted from the reviewed materials were:
e The main area of the research
e The research question/questions of the study
e The authors of the research
e The summary of the research

e The gaps in the research and the areas of further studies

3 Results

3.1 RQ1: How biophysical signals were used in determining the conditions of human activ-
ity or work

Literature analysis shows that conditions of human activity or work can be slipped into three parts: measuring attention,
stress detection, and tracking programmers’ activity.

3.1.1 Measuring attention

A study by [30] proposes to use EEG signals for Attention Recognition (AR) and extends previous research that used
eye-gaze, face-detection, head pose and distance from the monitor to track user’s attention. AR is a promising field
that can be applied in many areas such as e-learning, driving, and most relevant - in measuring awareness during video
conferences. In [17] EEG was used to determine the attention level, while the subject was performing a learning task.
In [S] EEG was used to estimate alertness in real-time. In [31] presented a single channel wireless EEG device which
can detect driver’s fatigue level in real-time on a mobile device such as smartphone or tablet. Measuring attention is
very important in many fields, such as detecting drivers’ drowsiness and workers’ fatigue.

Analyzing all the previously mentioned studies we gathered the techniques for attention measurement into a list,
which states that attention could be measured via:

e heart rate variability [43]
e galvanic skin response [43]
e pupil diameter, eye blink frequency [43]

e brain activity measurement (EEG, MEG (Magnetoencephalogram), fNIRS (functional near-infrared spectroscopy),
ECoG (electrocorticogram), fMRI (functional magnetic resonance imaging), etc.) [43], positron emission tomog-
raphy (PET), transcranial magnetic stimulation (TMS), near-infrared spectroscopy (NIRS). [25]

e Conner’s Continuous Performance Test (CPT) is a simple examination technique: the test subject has to react in
case a rare signal appears. The method is described in the studies [11] and [25].

o The test of variables attention (T. O. V. A.) is an objective neuropsychological assessment of attention. It is a very
simple computer game in which the response of the test subjects to a visual or auditory stimulus is measured.
(251 [5], [12] [5]



3.1.2 Stress detection

Several studies presented designs of the systems that monitor the human physical and mental state in the working
environment. Using different biophysical signals and environmental measures they detect stress levels of employees.

A new aparatus [4] was designed to assess the stress levels of call-center operators. The study uses two types of
sensors to monitor the working environment: environmental and physiological. The evaluation of stress relies more on
the latter signals. The goal of the authors was to design the system to improve the well-being of the employees with
the application of multi-sensor analysis.

The portable system described in [2] measures biophysical signals in real-time and notifies unwanted mental behav-
ior. The notifications are sent in case the following conditions in the worker are detected: 1) absent-minded/inattentive,
2) stressed, 3) extreme fear, 4) anger, 5) stun/daze, 6) overloaded with work, 7) drowsiness, and 8) dizziness. The
author focuses on neuroergonomics as a primary field of study. As well as the previous study, this one aimed to design
a system to predict human mental and physical state and increase productivity and well being at work. However, the
range of biological signals collected was significantly broader than in [4] and brain and muscle activity analysis was
used.

The device proposed in [3] determines the relaxation level of the user. It consists of the Virtual reality headset and
the olfactory necklace. The necklace changes the intensity of aroma, depending on the subjects’ EEG datagrams.

In [42] the mental stress was measured while solving arithmetic tasks. The [9] detected the difficulty of program
comprehension tasks among the students.

The [48] describes a method to determine the drivers’ vigilance level.

In the context of the studies mentioned above the following biophysical signals were used:

e heart rate [2] [4];

galvanic skin resistance [4] — showed that increasing skin conductance indicates the rise of stress level;

body temperature [2];

e blood pressure [2] - a sensor is placed in the temple part of the head or in the upper part of the shoulder depending
on the type of device;

EEG (2] [3] [9] [91 [18] [19] [34] [15] [29] [26] [36] [48];
o EMG [2];

3.1.3 Assessing programmers activity

A study [6] shows how EEG can be applied to understand the mental activities of programmers during pair program-
ming. Here, a portable multichannel EEG device was used to understand if there is any difference in the mental
processes of the minds of developers when they use different development approaches. The data were collected during
several pair programming sessions where two developers played the role of a ”driver” and “navigator” consecutively.
The goal then was to determine whether those activities induce a higher level of concentration.

Another study [28] in this field compares the cognitive activities of novice and expert developers and assesses their
programming language comprehension. By conducting an EEG experiment they showed that indeed there is a clear
difference in how these two groups understand programming languages. There was a higher brain activation in certain
electrodes, expert programmers showed better short-term memory and comprehension abilities in general.

Analyzing the results, it can be said that the approach of using EEG to analyze the brain activity of developers
is rather effective and practical, as it can be used in the normal programmers surrounding and show good results in
distinguishing between different brain activity patterns.

It was observed that EEG is one of the most popular and easy ways to measure people’s attention and stress, because
of its ease of use and relatively accurate results.



3.2 RQ2: In the framework of RQ1, how EEG was used?

The study conducted by [2] relies on the concept of neuroergonomics design, and especially aspects like stress, at-
tention, drowsiness, and others to design efficient systems to be used by humans. To measure these metrics several
methods are used in neuroergonomics, but one of the most relevant is neuroimaging. The authors of the study designed
a system that keeps live feed about human’s psychophysiological information and used EEG as their primary method
to measure brain activity.

They designed a simple BCI's where one dry EEG electrode sensor is placed on the forehead. The authors use
a high-pass filter and a low-pass filter to clean the noise at low/high frequencies and a notch filter to filter specific
bands of the signal. After passing all filters and amplification the resulting signal is then converted to digital format.
The study shows how collecting EEG data can help in creating effective and comprehensive BCI systems to monitor
behavior and well-being at work.

Another research from [30] investigates how EEG can extend the techniques for AR. Previously EEG was used
mainly for emotion recognition. This study mostly focuses on the methods of EEG data processing, feature extraction,
and further attention classification. The EEG data were collected while subjects were reading or watching random
content. After finishing each subject filled a self-assessment form. Later, based on the gained results, the data were
divided into five classes and preprocessed. The classification algorithms were then applied to the acquired data. By
doing so authors propose to use EEG data for AR and probably supplement the techniques used previously in these
kinds of studies.

In [5] study, EEG signals are used to estimate the alertness level by recording the response time for the Test Of
Variables Of Attention (TOVA) and the EEG signals in parallel. The correlation between those two measures was then
studied. The results of the experiment show that EEG can be used in real-time systems that estimate human alertness.

In [3] researchers conducted the experiments: 5 min control experiment and 5 min with VR headset and olfactory
necklace (with lavender aroma), where the 360 degrees beach was shown to test subject. EEG was recorded using
commercial Muse headband. 1t provides four flexible electrodes located at 10-20 positions TP9, AF7, AF8 and TP10
with reference for Fpz After the experiment, a test subject filled in a questionnaire. The authors showed, that there is
25% boost of actual relaxation and 26.1% percent boost with questionnaire study.

In [42] the test subject filled the demographic form PSS. Then 10 seconds of a calm picture was shown in the
beginning and at the end of the experiment. After that subject was asked to solve 10 arithmetic questions. After the
experiment test subject was asked to determine highly stress stages, namely before, during or after the mental induced
task. EEG was used to record data from the test subject. The Mindset 24 Topographic Neuro Mapping Instrument by
Nolan Computer Systems LLC was used. The 10-20 recording system was used, namely: Fpl, Fp2, F7, F3, Fz, F4, F8,
T3, C3, Cz, C4, T4, TS, P3, Pz, P4, T6, O1 and O2. Sampling frequency: 256 Hz, impedance <5 kOm, cutoff range:
-80 to 80

In [9] a relax screen was shown to test subjects, then they solved 3 practice questions and 9 ordinary questions using
TPS. Between each question, the relaxing screen was showed to take a break. EEG was used to record the programming
activity. Emotiv Epoc device with 16 channels: 14+2 reference, following the 10-20 international system. Sampling
frequency: 128 Hz.

In [48] the subject completed the 90 minutes simulated driving. The subjects required to lie on a bed if they feel
sleepy. The EEG was recorded with Neuroscan with 64 electrodes, 2 of them were EOG.

In [1] the impact of in-vehicle secondary tasks on driver cognitive state during driving was measured. This was
done by capturing the changes in EEG dynamics. Authors employed a wearable data acquisition platform to collect
wireless EEG data from six subjects during a naturalistic driving session and investigated six potentially distracting
stimuli.

In [16] shown the evolution of mental fatigue in a Stroop task using electroencephalography (EEG) with an indepen-
dent component analysis (ICA) method. Specifically, two aspects of mental fatigue, i.e., mental effort and mental
engagement, were tracked by the ongoing oscillatory dynamics from frontal independent component (IC) related to
cognitive control and posterior ICs related to attention.



3.3 RQ3: What kind of analysis of EEG results was used?

This subsection describes the main techniques to analyze EEG data. It starts with Machine Learning Techniques and
proceeds with others. A lot of the papers used Machine Learning techniques for analysis of EEG data. They can be
divided into three groups: Neural Networks, Classification Algorithms, and Other techniques.

3.3.1 Machine Learning Techniques

Nowadays, Neural Networks is a widely used machine learning approach. In [35] study, authors train an MLP NN to
learn characteristics of EEG that define attention state. The main goal of this study was to investigate the hidden nature
of attention mechanisms while recording the subject’s EEG data. The novelty of the proposed method is in using four
levels of attention instead of 2 as was used in previous studies. Also, the authors emphasize the fact that identifying an
attentive state is easier than inattentive because of more noise and irrelevant information recorded during the inattentive
state. The [24] research focuses on the continuous detection of changes in human alertness and EEG power spectrum on
a minute time scale. Authors emphasize the variability of EEG dynamics and say that group statistics used in previous
studies cannot be used effectively. So information collected from each operator is then fed to a neural network to adapt
to individual differences in EEG dynamics. The results are then compared to linear models. A novel approach was
described in [15]. The authors used Convolutional Neural Network as a feature extractor. The data was preprocessed,
first, by statistical indicators, to remove points with the subject’s score standard deviation of more than 2 times the
mean. Then two feature vectors were built: linear by Pearson’s coefficients and nonlinear by SL matrix. Then, linear
and non-linear features are fused by the CNN framework.

The more classical approach is K-nearest neighbours. In [30] the authors of the study introduce EEG measures to
track emotions and attention. The project applies classification algorithms to the EEG signals and k-NN was one of
them. After extracting 13 important features a k-NN classifier was used to divide the data into both 3 and 5 attention
classes. The [22] shows how to detect driving fatigue based on k-NN and the correlation coefficient of the subject’s
Attention and Meditation. Naive Bayes classification is also a widely used machine learning algorithm. In [9] authors
measured task difficulty. EEG data were first normalized by computing the mean on all channels and subtracting it from
each channel for each subject. Then filtering was done on 1-second segments by Elliptic Infinite Impulse Response
filtered described by Manoilov. Then four types of features were extracted: Energy, Event-Related Desynchronization,
Frequency ratio, and Asymmetry ratio. After that, the Naive Bayes classifier was used to classify the data from each
feature vector.

3.4 Other methods

There are several techniques worth mentioning, for example, P300. P300 (also called P3) wave [10] is an endogenous
potential that surfaces itself as a positive deflection in the voltage with an average latency of roughly 250 to 550 ms
depending upon the task [33]. It is generally elicited during the process of decision making and is usually elicited
after 300 ms of the occurrence of the stimulus. It has been shown that the amplitude of the P300 peak decreases
by a significant amount due to the presence of fatigue[43]. Another commonly used approach is the Independent
Component Analysis (ICA) [37]. ICA is a widely used method for decomposing multi-channel data into components
that are statistically independent (ICs). In the context of EEG data analysis, some components should represent brain
activity, while others should represent noise resulting from eye and muscle movements.

4 Discussion

This section represents different findings of this Systematic Literature review. The Systematic Literature review aimed
to identify current progress in biophysical signal usage in IT and cross fields. From 317 publications 40 publications
have answered the Research questions. The result of the review showed that in recent years, from 2015 till 2019, there



is a high interest in developing systems with the help of biophysical signals. This study mostly focused on describing
methods for attention, emotion recognition and experimental procedures.

With the recent increased interest in Machine Learning and availability of such data sets as DEAP [27] and AMI-
GOS [23], a high number of studies described Machine Learning methods for attention.

Some studies focused on the feature extraction of data for future usage in classification algorithms. The develop-
ment of such methods is a good indicator of interest in biophysical signal-based systems.

A little number of studies used the programmers as the main experiment subjects. Thus, giving research oppor-
tunity to investigate new methods based on biophysical signals. Such research should help to develop a system of
attention recognition for IT developers, giving industrial companies sufficient information about the performance of
their employees.

Also, the primary data collection method was EEG, several studies used other biophysical signals such as EMG,
heart rate, blood pressure. The potential combined usage of different biophysical signals is an open question.

5 Conclusion

The Systematic literature review clearly shows the high interest in using EEG based systems for attention and emotion
recognition. Mostly, all studies are developing new techniques in Machine Learning signal processing.

Analysis and processing techniques were separated into different groups according to the ML method used. Based
on the review of the techniques Section 3.3 gives sufficient information regarding data preprocessing and classification
methods used. As there is a lack of study on programmers’ performance, future research should be more focused on
this topic, focusing also on metrics and open systems [44, 40, 41] and understanding the dynamics of the collaboration
between people [7]. The question: “How can we help programmers perform better using the biophysical system?”
remains open. Researchers may try to answer this question with the help of methods described in this Systematic
Literature Review.
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