Journal of
Sensor and

Actuator Networks

Article

Classifying the Cognitive Performance of Drivers While Talking
on Hands-Free Mobile Phone Based on Innovative Sensors and
Intelligent Approach

Boniface Ndubuisi Ossai 1, Mhd Saeed Sharif 1-*®), Cynthia Fu 23, Jijomon Chettuthara Moncy 2Q, Arya Murali 4

and Fahad Alblehai °

check for
updates

Citation: Ossai, B.N.; Sharif, M.S,; Fu,
C.; Moncy, J.C.; Murali, A.; Alblehai, F.
Classifying the Cognitive Performance of
Drivers While Talking on Hands-Free
Mobile Phone Based on Innovative
Sensors and Intelligent Approach. J.
Sens. Actuator Netw. 2024, 13, 48.
https://doi.org/10.3390/jsan13050048

Academic Editor: Lei Shu

Received: 16 July 2024
Revised: 10 August 2024
Accepted: 16 August 2024
Published: 25 August 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Intelligent Technologies Research Group, Department of Computer Science and Digital Technology (CDT),
University of East London, London E16 2RD, UK

Department of Psychological Science, University of East London, Water Lane, London E15 4LZ, UK

Centre for Affective Disorders, Institute of Psychiatry, Psychology and Neuroscience, King’s College London,
De Crespigny Park, London SE5 8AF, UK

School of Architecture Computing and Engineering, University of East London, London E16 2RD, UK
Computer Science Department, Community College, King Saud University, Riyadh 11437, Saudi Arabia
Correspondence: s.sharif@uel.ac.uk

Abstract: The use of mobile phones while driving is restricted to hands-free mode. But even in the
hands-free mode, the use of mobile phones while driving causes cognitive distraction due to the
diverted attention of the driver. By employing innovative machine-learning approaches to drivers’
physiological signals, namely electroencephalogram (EEG), heart rate (HR), and blood pressure
(BP), the impact of talking on hands-free mobile phones in real time has been investigated in this
study. The cognitive impact was measured using EEG, HR, and BP data. The authors developed
an intelligent model that classified the cognitive performance of drivers using physiological signals
that were measured while drivers were driving and reverse bay parking in real time and talking on
hands-free mobile phones, considering all driver ages as a complete cohort. Participants completed
two numerical tasks varying in difficulty while driving and reverse bay parking. The results show
that when participants did the hard tasks, their theta and lower alpha EEG frequency bands increased
and exceeded those when they did the easy tasks. The results also show that the BP and HR under
phone condition were higher than the BP and HR under no-phone condition. Participants’ cognitive
performance was classified using a feedforward neural network, and 97% accuracy was achieved.
According to qualitative results, participants experienced significant cognitive impacts during the
task completion.

Keywords: hands-free mobiles phones; wearable sensors; real-time driving; cognitive load;

machine learning

1. Introduction

As a result of mobile phones’ propensity to cause inattention and cognitive impairment,
their use is restricted to hands-free mode while driving [1-4]. Nevertheless, during a crucial
part of the conversation, when the leading vehicle slows down, there is a consequential
chance of collision since the trailing driver may not be able to respond in a timely manner.
Adult drivers who are not able to respond in a timely manner have higher heart rates,
higher blood pressure, and altered neurophysiology [5-7]. The neurophysiological impact
of talking on a hands-free mobile phone can be measured in a variety of ways. Some
are based on heart-rate variability, skin conductance, skin temperature, and the drivers’
respiration changes, whilst most are based on electroencephalography (EEG) technology,
heart rate, and blood pressure. EEG signals are broadly used for comprehending how the
human brain functions for different brain conditions. In addition to seizures, epilepsy,
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encephalitis, brain tumors, memory loss, stress, and sleep disorders, EEG is also able to
diagnose strokes and dementia [8].

EEG is one of the preferred techniques for capturing brain-generated electrical ac-
tivity due to its high temporal resolution, low cost, portable nature, and low hardware
complexity [8]. EEG has other applications in the areas such as bioengineering, psychol-
ogy, psychophysiology, and video game biometric identification [8,9]. “Delta” (0.5-4 Hz),
“Theta” (4-8 Hz), “Alpha” (8-12 Hz), “Beta” (13-30 Hz), and “Gamma” (more than 30 Hz)
are the main frequency components of EEG signals [8,9]. The frequency bands that are
represented in the dataset for this study are shown in Table 1. Studying the relationship
between the theta band and the lower alpha band and a person’s cognitive workload is the
major focal point of this study.

Table 1. All EEG frequency bands.

EEG Wave Freq. Band
Delta 0.01-4 Hz
Theta 4-8Hz
Lower Alpha 8-10 Hz
Higher Alpha 10-12 Hz
Lower Beta 12-18 Hz
Higher Beta 18-30 Hz
Lower Gamma 30-40 Hz
Higher Gamma 40-50 Hz

Theta and alpha bands are strongly linked with focus and workload, according to
most researchers who have evolved an interest in studying them either combined or as
distinct units [10], both of which are notable indices of cognitive workload in a subject. Due
to its direct correlation to increased task difficulty, the theta band (4-8 Hz) correlates closely
with cognitive workload. The lower alpha band (8-10 Hz) exhibits a similar pattern when
comparing the direct proportional relationship between rising attention and increasing
workload. Theta band power increases with task difficulty, causing a greater workload,
which ultimately increases lower alpha band power [10]. Therefore, we averaged the power
spectra of theta waves and lower alpha waves to measure cognitive performance.

In this study, the authors hypothesize that the participant is deemed cognitively loaded
and performs poorly on the task if the average of the amplitude of the theta and lower
alpha EEG frequency bands are higher for a hard task than for an easy task, and if the BP
and HR under phone condition are higher than the BP and HR under no-phone condition.
Cognitive load relates to the amount of information that the working memory can hold
at one time [11], and the driver can, therefore, be distracted. If the contrary is true, the
subject’s cognitive performance is seen as being good. The qualitative approach for this
study focuses on the questionnaire, based on research on the cognitive load on drivers. The
response provided by the drivers to the qualitative questionnaire provided the empirical
evidence regarding their cognitive performance, which was used to verify the results of
machine-learning techniques (quantitative method). Hence the hypothesis was validated.
Several machine-learning algorithms were tested regarding the quantitative approach, and
a neurophysiological model was developed that classified the cognitive impact of talking on
hands-free mobile phones on drivers’ performance (with an additional cognitive stressor).

The goal of the neural network used in this work is to classify drivers’ cognitive
performance using the neurophysiological indicators of drivers’ cognitive load (HR, BP,
EEG) into two classes (0 or 1) using a multi-layer perceptron neural network, where “0”
represents “cognitively loaded” and “1” represents “not cognitively loaded”. Artificial
neural networks can be trained to find solutions as they consist of interconnected groups
of neurons in a similar way to the biological nervous system. There are three types of
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parameters that define them: firstly, the connections between the various layers of neurons.
Secondly, the learning process that updates interconnection weights. Thirdly, the function
that converts a neuron’s weighted input into its output. A feedforward neural network
algorithm begins with the inputs feeding in and the weighted sums of the inputs being
added all together inside a hidden node. The hidden node’s output is then biased in a
specific direction [12].

An assessment of the literature showed that related studies have made extensive
use of laboratory-driving simulator experiments. Without a question, this approach has
some obvious flaws. Using a simulator experiment, the study [1] examined mobile phone
usage characteristics, risk factors, compensatory strategies in use, and characteristics of
high-frequency offenders. Four hundred eighty-four drivers (49.8% aged 17-25 and 50.2%
aged 26-65) participated anonymously.

Furthermore, [2] examined the consequences of mobile phone use while driving, and
the results showed that mobile phone use, regardless of the mode, affects driving behaviour.
Nonetheless, driving-behaviour simulation only provides an approximation of reality and
low-ecological validity [2]. Concerning sample characteristics, the participants” age range
was 20-60 years, and most of the participants were young. A higher potential generalization
of findings is evident in [1] compared to [2] because 49.8% were young and aged 17-25 in
contrast with the case in [2] where most of the participants were young. Moreover, the age
range of participants in [1] is more diverse than in [2].

An objectively equivalent hands-free phone task was used to assess heart rate and
driving performance while late-middle-aged (51-66) and younger adults (19-23) engaged
in a naturalistic task using a driving simulator [5]. However, based on the sample character-
istics, it is uncertain what proportion of the sample represents late middle age and young
adult, respectively. In contrast with the case in [2], the age group of drivers is more diverse
in [5]. Hence, there is a higher potential generalization of outcome in [5] compared to [2].
The present study will seek to classify drivers’ cognitive performance using the neurophys-
iological indicators of drivers’ cognitive load due to talking on a hands-free mobile phone
and driving in real time, considering all driver ages (18-80 years) as a complete cohort to
maximize generalizability of the outcome in the context of age groups.

The upshot of the investigation into the frequency of mobile phone use by mode for
making and answering calls showed that the proportion of drivers who reported making
and answering calls (once a day or more) was higher amongst hands-free users, with 43%
of hands-free users making calls and 47% answering calls, whereas these proportions were
17% and 21%, respectively, among handheld users [13] This manifests the need for more
research into hands-free mode of mobile phone usage.

A scrutiny of related studies on the effect of added cognitive demands (phone tasks)
while talking on a hands-free mobile phone in real-time driving using drivers of all age
groups as a complete cohort has not been explored. The present study aims to fill in this
gap. The authors aim to develop an intelligent model that classifies divers’ cognitive
performance while talking on a hands-free mobile phone and driving, using drivers of
all age groups as a complete cohort. The foremost purpose of this study is to classify
drivers’ cognitive performance whilst talking on hands-free mobile phone during reverse
bay parking using machine-learning approaches. To achieve this, several objectives were
completed: measure the BP, HR, and EEG of drivers whilst they talk on hands-free mobile
phone during reverse bay parking, collect and analyse the data, network modelling using
Python, data training, testing, and validation.

2. Related Work

As aresult of talking on a hands-free phone while driving, drivers are less likely to pay
attention to the road. While driving, drivers’ attention is divided between mobile phone
use and driving tasks. The driving task may be interfered with. Consequently, the driver
following may be unable to respond in time when the lead vehicle slows down [14].
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Blood pressure and heart rate can be measured to examine the outcome of talking on a
mobile phone while driving using cardiovascular reactivity (CV). The effects of talking on
CV reactivity were studied in 60 participants with an average age of 19 years; 50% were
male. Compared to the mobile phone task, participants” heart rates were remarkably lower
with no task. A mean heart rate, systolic blood pressure (SBP), and diastolic blood pressure
(DBP) were recorded electronically. The no-task heart rate was 82.69 beats per min, while
the talking heart rate was 86.90 beats per min. For no task, SBP was 116.22 mmHg, whereas
talking resulted in 118.93 mmHg. For DBP, no task was 65.30 mmHg. In contrast, talking
resulted in a DBP of 66.81 mmHg. It was hypothesized that secondary tasks like talking
on a mobile phone while driving might be as detrimental to the cardiovascular system as
stress itself since CV reactivity has been linked to cardiovascular diseases such as heart
attacks and strokes [7].

The EEG brain responses of a driver were examined in a study. According to test
results, talking on a mobile phone while driving changed the EEG pattern. The driver
used hands-free devices. A sample of 20 min of data was taken for the interval to ensure
statistical significance. To clarify the change in the brain state, data of pre- and post-
intervals of talking on the phone were measured consecutively, and the Alpha/Beta power
ratio between normal driving and driving and talking on a mobile phone was compared
from 20 min’ consecutive measurements. Pre-20 min driving, in the first test, the mean
Alpha/Beta power ratio was 0.7252. After 20 min of driving and talking on the phone, the
first test was 1.2935. Post-20 min of driving, the first test was 0.8990 [6].

The application of machine learning in research has grown rapidly over the past three
decades. Due to rapid technological advances, strict machine-learning algorithms, and the
proliferation of vast data, machine learning has evolved significantly. However, due to
a lack of training data, advanced machine-learning algorithms have not yet been widely
applied to studies. Using BP, HR, and EEG signals, we explored a straightforward, efficient,
and practical method of assessing the physiological impact of hands-free mobile phone
use. BP, HR, and EEG analysis, feature extraction, and classification have been studied.
BP, HR, and EEG data classification remains heavily dependent on feature extraction.
Machine-learning-based BP prediction, HR estimation, and EEG classification have gained
popularity in recent years [15].

Using pulse-transit time and pulse-waveform characteristics, a study developed a
machine-learning-based model to predict systolic and diastolic blood pressure based on
the shortcomings of conventional blood pressure-measurement methods and non-invasive
continuous BP-measurement techniques. During the model-building phase, the genetic
algorithm was used to optimize parameters. As a result of the experimental results, the
proposed models were more accurate than conventional techniques and precisely captured
the nonlinear relationship between characteristics and blood pressure, which had errors of
3.27 + 5.52 mmHg for systolic BP and 1.16 & 1.97 mmHg for diastolic BP. Ultimately, this
study advanced the use of non-invasive continuous BP-estimation techniques [16].

Cardiovascular disorders are among the most prevalent and dangerous diseases world-
wide [17]. Through artificial intelligence services, it is possible to enhance the diagnosis
of these illnesses and even forecast their occurrence. For this study, four models were
developed and trained. “PsychioNet Smart Health for Assessing the Risk of Events via
ECG Database” was used to train the models to examine heart-rate variability features
and forecast cardiovascular and cerebrovascular events. Support Vector Machines, Deep
Neural Networks, and XGBoost all showed accuracy levels of 91.89%, 90.19%, and 89.50%,
respectively, demonstrating the reliability of artificial intelligence in cardiology [17].

Several target emotions have been identified as having an impact on health and daily
life, including boredom. Boredom was classified using EEG and galvanic response (GSR)
in the study [18]. To inquire into the integrated effects of EEG and GSR on boredom
classification, 28 participants used off-the-shelf sensors. A video clip designed to elicit
boredom was used during data acquisition, as well as two video clips with entertaining
content. Participants’ questionnaire-based evidence of boredom was used to label samples.
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The top three candidates were selected after training 30 models with 19 machine-learning
algorithms. Validation of the final models was conducted through 1000 iterations of 10-fold
cross validation after the hyperparameters were tuned. A Multilayer Perceptron model
performed the best, achieving 79.98% accuracy. In addition, integrated EEG and GSR
features were found to be associated with boredom. The results of this study can be used to
build accurate affective computing systems and to understand boredom’s physiological
properties [18].

Several machine-learning approaches were evaluated in a mouse model for classifying
EEG data of TBI (Traumatic Brain Injury). A variety of algorithms were assessed for
classifying mild TBI data, extracted from data from the control group in wake stages for
contrasting epoch lengths. These algorithms including decision trees (DT), random forests
(RF), neural networks (NN), support vector machines (SVM), K-nearest neighbors (KNN),
and convolutional neural networks (CNN). Alpha-theta power ratios and average power
in different frequency sub-bands were used in machine-learning approaches. The results
of this mouse model suggest that indistinguishable approaches can be used to detect TBI
in humans. There was a higher level of reliability with the CNN method. To measure
the reliability of each model, the average variance of all cross-validation experiments was
calculated. CINN achieved 0.92%, while the KNN3, KNN5, and KNN7 achieved 1.93%,
1.94%, and 2.10%, respectively. As epoch length increased, CNN'’s performance increased,
confirming its data-driven nature. Using 24 h recording data from nine mice, this study
examines various machine-learning approaches to classify TBI. The model presented in
this study requires further investigation and optimization since CNN is a data-intensive
approach [19].

The study [20] also examined the literature on machine learning to identify some
notable algorithms that are commonly used for analysis and prediction. Among these algo-
rithms are Artificial Neural Networks (ANN), Random Forest, Support Vector Machines
(SVM), Logistic Regression, K-means clustering, and K-Nearest Neighbor (KNN) [21-23].
SVMs (Support Vector Machines) have been proven to be very effective. SVM divides
datasets into groups based on subspaces. A support vector is a set of points that lie close to
all groups. As a result of its high precision and low computation power, this algorithm is
widely used. A decision tree is generally used as a nonlinear classifier. It can also classify
and train large amounts of data quickly and easily. Before reaching the confirmed class,
each decision has a class. In this model, a branch represents a test result, a node represents
a feature tested using transformation rules, and a leaf represents a class category [20].

K-nearest Neighbor (KNN) is also widely used in supervised learning to solve classi-
fication and regression problems. As well as being able to handle moderate amounts of
data with good speed, it is easy to use and understand. Using the KNN method, an item is
classified based on the majority vote of its nearest K-Neighbors, which can also be applied
to supervised machine-learning problems. The algorithm handles moderate amounts of
data quickly; it is straightforward to use and easy to understand. By using this method,
items are categorized according to their nearest k-neighbors. The entire dataset is often
used as a training set [20].

Artificial Neural Networks are among the most effective data-mining and analysis
tools. Three layers of neurons exist: an input layer, a hidden layer, and an output layer.
Artificial Neural Networks outperform rival methods in categorizing data because of their
positive predictive value for detecting epilepsy. In a study in which an automated neural
network classifier with 97.8 to 99.6% accuracy was developed, it was possible to determine
whether a subject was normal or epileptic. In another study, ANNs were used to classify a
driver’s cognitive workload based on their ECGs. The classification model was satisfactory
for both learning and testing data (95% and 82%, respectively) [12,24].

This study examined BP, HR, and EEG as physiological indicators of cognitive impact.
The EEG of participants for hard tasks were compared with the EEG of participants for easy
tasks, while the BP and HR under phone condition were compared with the BP and HR
under no-phone condition to determine if the participants were cognitively loaded. The BP,
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HR, and EEG signals were analyzed using SVM, KNN, decision trees, and feedforward
neural networks. A higher level of task demand increases BP, HR, and EEG values, making
BP, HR, and EEG arguably one of the most studied cognitive-impact indicators [25-27].

Based on physiological signals such as BP, HR, and EEG, this study focused on ML
classification of drivers’ cognitive loads. The qualitative approach for this study focused
on the questionnaire, based on research on the cognitive load on drivers. The answers
provided by the drivers to the qualitative questionnaire were used to find the ground truth
regarding their cognitive performance. After testing several machine-learning algorithms,
these answers were used to verify the results of machine-learning techniques (quantitative
method).

It is expected that the subjects’ theta and lower alpha EEG frequency bands for hard
tasks will increase and exceed those for easy tasks. It is also expected that the subjects’
BP and HR under the phone condition will be higher than their BP and HR under the
no-phone condition [28-30]. As a result, the following hypothesis was developed: “When a
subject’s average amplitude of theta and lower alpha EEG frequency bands are higher for a
hard task than for an easy task, and if the BP and HR under phone condition are higher
than BP and HR under no-phone condition, the subject is considered cognitively loaded,
resulting in poor performance. On the other hand, the subject is not cognitively loaded,
resulting in good performance”.

3. Methodology

The authors applied SVM, KNN, decision tree, and feedforward neural network
machine-learning techniques to the data from EEG, HR, and BP signals. EEG is a measure-
ment of potentials that reflect the electrical activity of the human brain. The brain waves
recorded from the scalp have small amplitude usually measured in microvolts (V) [30].
By comparing the amplitudes, one can determine which value is higher.

3.1. Subject Selection

The participants were healthy drivers of different age categories. Sixteen participants
participated. However, the data from five participants were eliminated because the EEG
device had failed to record during the experimental sessions. A total of 214 simulated data
points were generated and applied in this study. This number also includes data from
11 participants [31]: five males and six females. The participants” ages range from 18 to
89 years, standard deviation 16.8, and mean age 42.9. Informed consent was provided by
the contributors. The experiment included two tasks (easy and hard) for each participant.
In addition, questionnaires were filled out by participants indicating their subjective expe-
riences with workload. The questionnaire contained driver’s age, gender, and driver group
such as novice, experienced, or elderly.

The questionnaire form comprises various boxes. Each box represents a weighted
value in percentage, with 0% being the lowest and 100% the highest. Each participant
completed the questionnaire directly after the experiment by ticking the box which they
think best represents the cognitive load from their experience during the experiment.
This method was applied extensively to measure the cognitive performance of the partici-
pants whilst the tasks were done (“0” represents no impact, while “100” represents max
impact) [32]. The sample questionnaire form is illustrated in Appendix A.

3.2. Experiment Protocol

The authors collected data during controls, easy tasks, and hard tasks using non-
invasive devices. The EEG signal was collected using a NeuroSky MindWave EEG headset
during the experiment, as described in Section 3.5. EEG values were collected from the
device using the eeglID application. Participants’ blood pressures and heart rates were
collected using an Omron blood-pressure monitor.

Control task involves reverse bay parking without phone use. Participant’s baseline
heart rate, blood pressure, and brain-wave activity were measured before the control task
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driving began. During this task, participant’s brain wave activity was recorded continu-
ously. Heart rate and blood pressure readings were taken again within the experimental
time frame [7,26].

The phone task involves reverse bay parking while talking on the phone. This task
was split into two parts, namely: (1) easy task (2) hard task (one trial per task for each
participant). The easy task procedure is as follows:

(@) The experimenter presses the power button on the phone.

(b) Participant makes a voice call by saying “Experiment”.

(¢) The phone confirms and dials the number associated with “Experiment”.

(d) A pre-recorded message is played. The message is: “Count from 50 up to 200”.

(e) The participant will begin to reply to the message from the car park gate as they drive
towards the bays to do bay parking.

A similar procedure applies for hard tasks, but with the following message: “Count
backwards from 100, taking away 3 each time”. Our hypothesis was designed based on the
increment in the level of task difficulty in the order from easy task to hard task during the
experiment, which allows critical evaluation of the changes in divers’ performance due to
the task difficulty increment from easy to hard. Hence, task randomization was not applied.
We have used standardization process in which the procedure performed in the research
was kept the same [1—4]. Great attention was taken to keep all elements of the procedure
identical, so reliable results are measured. To minimize any remote possibility of order
effects, adequate care was taken to ensure that participants had no prior knowledge of the
tasks before the experiments began. One participant per experimental session was used to
avoid anticipation.

3.3. Data Collection and Data Description

As mentioned above, during the experiment, EEG signals were collected using the
NeuroSky Mindset headset. The MindWave Mobile 2 headset was first paired to a mobile
phone for them to connect to each other. The connection is wireless via Bluetooth. The
headset was first turned on to make sure the Blue LED light is on, and the pairing instruction
was followed. The name of the application is eegID. Recording was started only once the
poor signal value reaches “0”, as instructed by the users’ guide. Data were exported to the
experimenter’s research phone once each recording was completed.

Numeric values were recorded by the device, and these numbers represent the
wearer’s mental state; for example, their attention level. For the main data file on an Excel
spreadsheet, the first column shows the timestamp of each sample in milliseconds (ms),
while the second column represents the poorSignal value (“0”). The following columns are
ordered from left to right: the subject’s eegRawValue, attention levels, meditation levels,
blink strength, delta band, theta band, alphaLow band, alphaHigh band, betaLow band,
betaHigh band, gammaLow band, gammaMid band, tagEvent, and location.

Neurosky MindSet EEG headset places one electrode on top of a person’s forehead,
and the other electrode clipped to the left earlobe. It records numerical numbers based on
their own algorithms. Algorithms are primarily applied to attention and meditation values.
In this case, instead of using Volts-squared per Hz to calculate power spectrum band power,
the device uses its own representation, which results in using a different unit for its final
output. Consequently, the numeric data it gathers from the initial voltage measurement is
transformed and rescaled several times before it is recorded. Therefore, no conventional
unit has been assigned to the values. They are simply called ASIC_EEG_POWER units
and are used only to output the numeric values from the Neurosky MindSet EEG headset.
As described above, since they have their own units, the readings can only be meaningful
when compared among themselves. Consequently, comparing them directly with, for
example, the values output by another EEG system would not be meaningful or accurate.
Their current output form can be used to determine whether each band is increasing or
decreasing over time, and how strong it is compared to other bands [10,33].
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OMRON M7 Intelii IT Blood Pressure Monitor was used to collect the HR and BP data.
It also has the benefit of Bluetooth capacity. Similarly, it was paired to a mobile phone for
them to connect to each other. The name of the application is “OMRON connect”. The cuff
was wrapped around the participant’s upper arm, so it is level with the participant’s chest,
ensuring the tubing falls over the front centre of the participant’s arm. The end of the cuff
is pulled so the sensor is correctly placed and evenly tight around the arm. The cuff inflates
when the start button on the unit is pressed. The readings are taken once the cuff reaches
maximum and stops inflating, and the figures on the display are steady. All measurements
were transmitted directly via Bluetooth to the experimenter’s research phone during the
experiment. The device records numeric numbers, representing the participant’s BP and
HR, respectively. For the main data file on an Excel spreadsheet, the first column shows the
date, while the second column represents the recording times. In order from left to right,
the following columns are listed: the subject’s Systolic BP in mmHg, Diastolic BP in mmHg,
and HR in bpm.

3.4. Feature Extraction and Data Processing

To ensure accurate and reliable readings, this study’s experiment was done such that
the EEG recorded continuously during the tasks, while the HR and BP readings were
recorded within the experimental time frame [7,26]. A brief description of the steps, and
how EEG, BP, and HR readings of each participant were taken is as follows: participants’
prescribed bay parking procedure was explained and practiced for 15 min. Participant
rested for 5 min [34]. The experimenter measured baseline blood pressure and baseline
heart rate, respectively. Experimenter set the EEG (Mindwave) app to record continuously.
Participant drove from car park gate and completed bay parking without phone use in the
car. Experimenter stopped the EEG (Mindwave) app from recording. Participant’s blood
pressure and HR were measured again. Participant rested for 5 min [34]. Just before the
easy task began, the experimenter set the EEG (Mindwave) app to record continuously.
Participant drove from car park gate and completed bay parking while talking on the phone.
Participant’s EEG recording was saved. Participant’s blood pressure and HR were recorded.
Participant rested for 10 min [34]. Just before the hard task began, the experimenter set
the EEG (Mindwave) app to record continuously. Participant drove from car park gate
and completed bay parking while talking on the phone. Participant’s EEG recording was
saved. Participant’s blood pressure and HR were recorded. All the EEG frequency bands
are represented in the particular dataset for this study, which creates eight groups based on
their input values as shown in Table 1 below [10]. Figures 1 and 2 below show pictures of
the experimental testing site.

Figure 1. Experimental testing site entrance.
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Figure 2. Experimental testing site car park.

Considering that this experiment uses an EEG device that already provides the EEG
power spectrum dataset, the analysis, therefore, tilts towards creating a training dataset by
combining the identified values. As mentioned above, theta and alpha bands are strongly
linked with focus and workload [10], both of which are significant indicators of workload
in a subject. Due to its direct correlation to increased task difficulty, theta band correlates
closely with workload. The lower alpha band exhibits a similar pattern when comparing
the direct proportional relationship between rising attention and increasing workload. In
the presence of a challenging task, theta band power increases, resulting in an increased
workload and a subsequent increase in lower alpha band power [10]. As a result, the
authors used averaged power spectra of theta waves and lower alpha waves as inputs
when establishing the subjects’ cognitive performance in this study.

The EEG readings were recorded in blocks. Each reading iterated about 512 times,
after that a different reading records and iterated for the same number of times, and it
carries on in this pattern down the line, generating numerous blocks of readings. Each
block had duplicate readings. Rather than adding the readings in every block and finding
the average per block, which will be daunting and time inefficient, the authors have simply
taken a reading from each block (same as average) and computed the total reading for all
the blocks and then calculated the average [10]. This calculation was done for theta band
extracted during hard task and easy task, respectively. The computation was repeated for
lower alpha band extracted during hard task and easy task, respectively [10].

The calculated figures were further converted to two decimal places, respectively, to
make them useable as inputs for the machine-learning classification [10]. Additionally,
input values include the driver’s average heart rate for Task 1 and Task 2 (phone condition),
driver’s average blood pressure for Task 1 and Task 2 (phone condition), driver’s age, and
gender. Predicted output from the classifier is the binary class depicting whether the driver
is cognitively loaded or not. Class 1 represents “not cognitively loaded”, whereas Class 0
represents “cognitively loaded”. By calculating and using the average of each set of theta
and lower alpha samples, respectively, for analysis, this helped to create a standardized
set of data because during the experiment, the number of theta and lower alpha samples
recorded by the EEG device for each participant varied from one participant to the other [10].
This is because the bay parking duration was not the same across the participants. The
experiment was designed to allow the participants to complete the parking task while
talking on the phone. Therefore, the authors averaged the samples as mentioned above [10].

3.5. Measurement Process Flow

The flowchart in Figure 3 illustrates the sequence of actions, movements, and decision
points within the system, providing a detailed overview of the project. The workflow has
employed 214 subjects. Data were recorded while driving with and without hands-free
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mobile phone, respectively. The project was designed to ensure data was recorded three
times without fail, namely: control, easy task, and hard task according to the first decision
box on the flow chart. As described above in the “Data Processing” section, considering that
this experiment had used an EEG device that already provides the EEG Power Spectrum
dataset, the analysis, therefore, tilted towards creating a training dataset by combining the
identified values. Therefore, the averaged power spectra of theta waves and lower alpha
waves were computed and converted to two decimal places, respectively, to make them
usable as inputs for the machine-learning classification. Further data processing includes
averaging driver’s heart rate for Task 1 and Task 2 (phone condition), and averaging
driver’s blood pressure for Task 1 and Task 2 (phone condition).

For the ML classification, features selection was done by selecting the most critical
variables and eliminating the redundant and irrelevant ones. The variables are as follows:
theta band for easy task, theta band for hard task, lower alpha band for easy task, and
lower alpha band for hard task. Additionally, extracted values include the driver’s average
heart rate for Task 1 and Task 2 (phone condition), driver’s average blood pressure for Task
1 and Task 2 (phone condition), driver’s age, and gender. After extensive literature survey,
four algorithms were selected for the ML classification. The models created followed a
step-by-step process as follows:

(a) Importing libraries such as matplotlib, which supports graph plotting and pandas for
making dataset into data-frame.

(b) Importing dataset

(c) Processing dataset such as removing null values and converting categorical values to
integers such as “1” and “0”.

(d) Data analysis and correlation.

(e) Model creation, training, testing, validation, and visualization of the outputs.

For each machine-learning algorithm, the authors trained and tested the model, evalu-
ated the model’s accuracy, and validated the hypothesis. Training dataset = 80%, testing
dataset = 20%. Target data = binary data points (1 or 0), where 1 = not cognitively loaded,
and 0 = cognitive loaded. Results were obtained from the classifiers, respectively, and the
classification accuracies for the classifiers were compared. A classifier with the highest
accuracy is said to have the best performance. This is because a classifier’s performance
is measured by its classification accuracy. In this project, the ANN achieved the highest
accuracy out of the four algorithms used.

The block diagram in Figure 4 is an illustration of the project representing the signifi-
cant parts. The first block represents EEG, BP, and HR acquisition from the subjects using
non-invasive devices as described in Section 3.3 above. As described in Section 3.4, this
experiment used an EEG device that already provides the EEG Power Spectrum dataset, the
analysis and processing, therefore, tilted towards creating a training dataset by combining
the identified values. Therefore, the averaged power spectra of theta waves and lower
alpha waves were computed. Further data processing includes averaging driver’s heart
rate for Task 1 and Task 2 (phone condition), and averaging driver’s blood pressure for Task
1 and Task 2 (phone condition). Features extraction was done by selecting the most critical
variables and eliminating the redundant and irrelevant ones. The variables are as follows:
theta band for easy task, theta band for hard task, lower alpha band for easy task, and
lower alpha band for hard task. Additionally, extracted values include the driver’s average
heart rate for Task 1 and Task 2 (phone condition), driver’s average blood pressure for
Task 1 and Task 2 (phone condition), driver’s age, and gender. The fourth and fifth blocks
represent the action performed in the ML process where modeling and classification tasks
were done, resulting in ANN achieving the highest accuracy amongst the four algorithms
employed in this project.
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4. Modelling and Implementation

A combination of SVM, KNN, decision tree, and ANN were selected for the proposed
approach. Initially, the data were processed for each machine-learning algorithm. Features
selection was done by selecting the most critical variables and eliminating the redundant
and irrelevant ones before being employed to train and test the model and validate the
proposed hypothesis. Training data accounted for 80% of the data, while testing accounted
for 20%. To validate the hypothesis, two datasets were created using associated parameters
that would show a clear impact on the subjects” performance. The first dataset consists
of the main parameters from EEG signals, such as theta and lower alpha bands, diver’s
average HR for Task 1 and Task 2 (phone condition), and driver’s average BP for Task 1
and Task 2 (phone condition), whereas the second dataset consists of data collected from
subjects such as their age and gender. Data points with binary values were used as targets.
A target data value of 0 indicates “cognitively loaded” and a value of 1 indicates “not
cognitively loaded”.

To compare the classification accuracy, four classifiers were used. An important
factor in the performance of a model is its accuracy, or how well its predictions match
the data [9,10,35]. Hence, each model’s accuracy must be properly assessed. The authors
collected a small part of the dataset for validation to evaluate the model’s accuracy. All
four techniques were implemented in Phyton. Python is a high-level, general-purpose
programming language. There are many researchers who use this programming language
for analyzing data, developing algorithms, and machine-learning modelling [36]. The
following paragraphs provide an overview of the computing method.

Firstly, Python scripts were used to import several library functions for data analysis,
machine learning, and data visualization. In addition, the script can load and preprocess
data, train and evaluate various classifiers, and visualize model performance. The dataset
used in this project contains 214 entries with 11 columns on an excel spreadsheet. The
columns include physiological data such as heart rate, blood pressure, and EEG frequency
bands, as well as demographic data such as age and gender. EEG, blood pressure, heart
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rate, age, and gender are inputs to the classifier. There are no missing values in the dataset,
and both numerical and categorical data are included.

The computing method began with importing and reading pertinent data using codes.
A CSV file containing the relevant data was imported and read using the read () function
from Python. The code provided, imports the dataset from the csv file “finaldataset.csv” and
uses pandas read_csv () to read it into a dataframe. After the data were imported and read
into the dataframe, it was processed and cleaned, including handling missing or invalid
values, encoding categorical variables, and splitting the data into training and testing sets.
The total number of rows indicated that the dataset has 214 records or observations, while
the total number of columns suggested that the dataset has 11 variables or features. To
ensure that there were no null values, data information was printed. After this, machine-
learning classification algorithms were applied to create models to classify the cognitive
performance of the drivers. The machine-learning models were evaluated for reliability
and precision. Results show that the ANN model produced the highest accuracy, with an
accuracy rate of 97%.

For the ANN, the trainable parameter in the model includes weights and biases of
all the layers. The number of parameters for each layer was computed as the product of
the number of inputs and the number of neurons in the layer, plus the number of biases.
The size of the output may vary depending on the size of the input batch during training.
Epoch or iterations = 650. Batch size = 8. The training and validation epoch counts showed
the model accuracy increasing over time. The number of epochs normally decides how
many times the weight of the network is changed. For example, as the number of epochs
increases, weights are changed in the neural network the same number of times, and the
boundary goes from underfitting to optimal. If the number of epochs is too small, the
model may not learn the underlying patterns in the data resulting in underfitting. On
the other hand, if too large, it results in overfitting [37]. Overall, the findings imply that
the neural network model can be utilised to make predictions because it fits the available
data well.

5. Result and Analysis

For data analysis in this research, the simulated 214 data points represent the par-
ticipants. The performance of the algorithms was compared. Results and analysis also
included the use of histograms as shown below from Figures 5-10. By reviewing the ROC
curve in Figure 11 and testing accuracy graphs in Figure 12, the models’ effectiveness was
evaluated. Histograms are graphs that show how continuous data are distributed. They
display the frequency with which values fall into certain categories. The number of items
in the dataset that fall into a certain category is shown by the height of each bar.

Figure 5 below shows the age distribution of the participants, older drivers 40-69 years
are the majority (65%), while young (18-39) and elderly (70 years and above) are ap-
proximately 19% and 16%, respectively. From Table 2 below, participants average blood
pressure without phone = 114.52, while average blood pressure with phone is 121.30. Par-
ticipants average HR without phone = 71.07. Average HR with phone = 77.43. Theta
easy average = 2,430,000.00, SD = 1,362,906.00, whereas theta hard average = 2,890,000.00,
SD = 1,435,002.00. Average lower alpha easy = 3,080,000.00, SD = 3,842,181.00, whereas
average lower alpha hard = 3,540,000.00, SD = 5,323,524.00. The results from Table 2 below
shows that for all the participants, average theta and average lower alpha readings are
higher for a hard task than for an easy task. Also, the average BP and average HR under
phone condition are higher than the average BP and average HR under no phone condition.
The EEG graphs from Figures 6-9 have been scaled to show a clear statistic distribution.
The figures have been represented in standard forms. For example: 499,000.00 = 4.9 x 10°,
which has been represented as 4.99E+5 on the graph [10]. Standard form is a way of writing
very small or very large numbers by comparing the powers of 10 [38]. It is also known as
scientific notation.
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The values on x axis from Figures 6-9 represent EEG groups. The height of each bar
represents the number of data points (participants) that fall within each EEG group as
shown on the graphs. For example, in Figure 7, two data points fall within the EEG group
(0—4.99E+5), while 12 data points fall within the EEG group (4.99E+5-8.99E+5), and so
on. Similarly, the values on the x-axis in Figure 10 represent participants” self-reported
cognitive load. Table 2 below shows a summary of the statistical analysis of the results
from BP, HR, theta, and lower alpha EEG signals in this study. The results from BP, HR,
theta, and lower alpha EEG signals as shown in the table corroborate the outcome of our
qualitative survey and endorse our hypothesis as stated above.
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Figure 5. Data points representing age distribution of the participants.
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About 25 data points have been randomly taken from the total data samples and
plotted to show the distribution of self-reported cognitive load in percentage because of
the additional cognitive stressor (easy task and hard task) as shown in Figure 10 below.
The number of data points representing 70% or over = 22. Number of data points repre-
senting less than 70% report = 3. The self-reported cognitive load supports and validated
our hypothesis.

As was noted previously, the effectiveness of the models was assessed by visualizing
the ROC and model-accuracy graphs, the algorithms’ results were compared, and it showed
that the feedforward neural network attained a 97% accuracy rate. Figures 11 and 12 below
show the ROC and model-accuracy graphs for the feedforward neural network, respec-
tively. While this study’s dataset was sizable, it is nonetheless not a large dataset such as
population dataset. A large dataset could lead to improved ROC performance [39]. The
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study from [39-41] also noted that the size of a dataset plays a key role in a model’s perfor-
mance. Also, [39] added that for the application of deep learning, such as in geosciences,
many papers currently published use very small datasets of less than 5000 samples, which
has a direct implication. The study from [42] has also demonstrated that a small sample
size leads to large inaccuracies in the estimated validation parameters associated with ROC
analysis. Table 3 below shows the accuracy result comparison of the classifiers used in
this study.
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Figure 10. Distribution of self-reported cognitive load.
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Table 2. Results from BP, HR, theta, and lower alpha signals.
z;alfji]sgfflllr,[ z;s;;e; Average Min Max SD
BP without phone 114.52 80.00 142.00 15.35
BP with phone 121.30 89.00 151.00 13.19
HR without phone 71.07 55.00 110.00 12.64
HR with phone 77.43 55.00 115.00 13.20
Theta easy 2,430,000.00 4.92 14,500,000.00 1,362,906.00
Theta hard 2,890,000.00 2.28 5,940,000.00 1,435,002.00
Lower alpha easy 3,080,000.00 1.10 29,500,000.00 3,842,181.00
Lower alpha hard 3,540,000.00 2.55 55,500,000.00 5,323,524.00

Table 3. Accuracy results comparison.

Model Accuracy
ANN 97%
K-Nearest Neighbour 72%
Support Vector Machine 75%
Decision Tree 65%

6. Comparison of Classification Results with Other Literature

The analysis of the highest-performing classifier is based on this research design. As a
result, Table 4 below compares experimental results with other literature. A list of related
literature is shown in the first column. This list of literature has been gathered from the
reference list of this paper, showing their respective numbers. The second column shows
the experimental results using ANN classifiers. With an accuracy of 97%, Table 4 shows that
the present research performed remarkably in terms of results. By creating more awareness
of the drawbacks of talking on a hands-free mobile phone, this study benefits public safety
and the UK Department of Transport. Therefore, policy makers can examine the existing
evidence about the risks of talking on a hands-free mobile phone while driving. As a result
of this research, the government and policy makers will be able to evaluate and redefine
their safety promotion strategy on the roads.

Table 4. Comparison of classification results with other literature.

List of Literatures Classification Results Using ANN
12 95%

17 90.19%

18 79.98%

19 92%

Present study 97%

7. Discussion

Driving while using a handheld mobile phone is prohibited due to the distraction and
cognitive impairment it creates. As an alternative, hands-free mobile phones are allowed
while driving. But using a hands-free phone while driving raises EEG, BP, and HR in
adults [43-45]. However, an overview of the literature unfolded that the effect of added
cognitive demands (phone tasks) while talking on a hands-free mobile phone in real-time
driving using drivers of all age groups as a complete cohort has not been investigated.
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The present study has filled this gap. This study used machine-learning techniques to
analyze the electroencephalogram (EEG), heart rate (HR), and blood pressure (BP) signals
of drivers and classified the cognitive performance of drivers using EEG, HR, and BP
measured while talking on hands-free mobile phones in real time. The authors employed
both qualitative and quantitative methods. The qualitative approach for this study focused
on the questionnaire, based on research on the cognitive load on drivers. The answers
provided by the drivers to the qualitative questionnaire were used to find the ground truth
regarding their cognitive performance. After testing several machine-learning algorithms,
these answers were used to verify the machine-learning techniques (quantitative method),
and the hypothesis was, therefore, validated. Using EEG, very little research has looked
at the physiological impacts of talking on a hands-free mobile phone while driving [6].
In this research, talking on a hands-free mobile phone while driving caused a significant
difference between drivers’ average amplitude of theta EEG frequency band for easy tasks
and drivers’ average amplitude of theta EEG frequency band for hard tasks.

A similar notable difference was observed between drivers’ average amplitude of
lower alpha EEG frequency band for easy tasks and drivers” average amplitude of the lower
alpha EEG frequency band for hard tasks. Although not including real-time driving, studies
such as [6] have made similar findings to ours. From Table 2 above, results from theta and
lower alpha EEG signals show that participants’ average theta band signal for easy tasks is
2,430,000.00, whereas the average theta band signal for hard tasks is 2,890,000.00. Similarly,
the participants’ average lower alpha band signal for easy tasks is 3,080,000.00, while the
average lower alpha band signal for hard tasks is 3,540,000.00. This contrast is attributive
to the cognitive demand because of the additional cognitive stressor (phone task). This
result is consistent with the outcome of our qualitative results as expressed below.

Unsurprisingly, participants” amplitude of theta and lower alpha EEG bands increased
when performing the hard tasks, exceeding the amplitude of theta and lower alpha EEG
bands during easy tasks. Also, participants’ BP and HR under phone condition were higher
than the BP and HR under no phone condition. The quantitative findings indicate that
the tasks had a considerable cognitive impact on the participants. Ninety-seven percent
accuracy was reached when classifying the participants’ cognitive performance using
feedforward neural network. Our findings have made prevalent reference to the assertion
from [10,30], which pointed out that as task difficulty increases, the theta and lower alpha
EEG frequency band increases, causing an increase in cognitive workload. Similarly, a
reference can be made to the study from [10,30] where the relationship between theta and
lower alpha bands and a person’s cognitive workload was also highlighted.

Furthermore, the research from [8-10,35] makes it clear that the EEG device used in
this experiment already provides an EEG Power Spectrum dataset. These studies have
applied similar EEG devices in their experiments. To this end, to determine the subject’s
level of workload, and as a major part of the signal processing for this study, the input
values to our ML model are the averaged power spectra of theta waves and lower alpha
waves. There is, nonetheless, an alternative method of signal processing such as Fast
Fourier Transform (FFT). The Fast Fourier Transform algorithm, as its name suggests,
determines the Discrete Fourier Transform of an input much more quickly than computing
it directly [30]. However, this is not needed for our study for the aforementioned reason.

The distribution of data samples representing drivers’ self-reported cognitive load
in percentage because of the added cognitive stressor (easy task and hard task) was such
that 22 data points represent a 70%-plus response rate, while three data points represent
drivers reporting less than 70% in total. One could counter that this sample is too small
to generalise the findings. However, the overall results from the 214 data samples in this
study are consistent with the results from the 25 data samples that were randomly chosen.
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The authors acknowledge the research from [46], where an estimation of older drivers’
cognitive performance and workload using features of eye movement and pupil response
on test routes was done. Since the test was conducted on actual roads and the results were
reflective of actual driving behaviour, this study and ours have similar high-ecological
validity [27,46]. The authors note that drivers travelled 10 kilometres on various types
of roads with three right turns, two left turns, seven crossroads, and four straightaways,
but it is not known at what speed they drove and if they were meant to drive at the same
speed or not. It is unclear what effect that may have had on drivers’ eye movement and
cognitive load.

In this research, participants drove in a built-up area in the Wood Green driving
test area in London, comprising approximately 500 yards and consisting of three turns.
Participants drove the same car, which was approved only for the experiment by the
University of East London’s research ethics committee. Although the same driving route
was assigned to all participants, driving conditions for each driver were expected to
be different because they drove on public roads where factors such as weather and the
influence of other vehicles varied beyond the control of the experiment. However, the
phone tasks were not applied to the participants until they had entered the driving test
center car park. The car park bay parking routine comprises one car per time. Therefore,
the influence of other vehicles and external factors is expected to be extremely minimal.

According to [46], participants drove their own car, which can be a good reference in
terms of generated results because they will be familiar with the controls. However, it is
not known what kind of gear transmission was used and if the gear transmission was the
same amongst drivers because a manual gear transmission will certainly engage the drivers
more than an automatic gear transmission. This is bound to increase drivers’ cognitive
load as they drive. Our experiment has used one car for all the participants (automatic gear
transmission).

Furthermore, in [46], regression analysis was introduced to create relationships be-
tween cognitive performance and extracted features. Several metrics of conventional eye
movement were extracted from the recorded data. The extracted variables include horizon-
tal eye-movement deviation, vertical eye-movement deviation, mean pupil size, etc. A lin-
ear regression model’s primary benefit is its linearity: The other benefits include being easy
to implement and working best with linear data, whereas some drawbacks include assum-
ing that the data is independent and being prone to underfitting [47]. The following papers
constituted the foundation of the work presented in this article [1,2,5,7,10,13,25,26,28,32,33].

There are several clear drawbacks and advantages affiliated to this work. Firstly,
without undermining the scope of the present study (human drivers’ cognitive distraction),
if the human driver is replaced by an artificial intelligence (Al) driver, cognitive distractions
related to talking on the phone while driving becomes irrelevant because the robot driver
is the driver in this context [48]. However, it is imperative to examine whether voice
conversations between the robotic driver and the passenger could distract the robotic
driver. In that case, the question becomes “How can it be monitored or controlled”? There
is a potential challenge to the present research in this regard. The safety of autonomous
cars (driverless cars) raises important concerns about their widespread acceptance and the
shift from human drivers to autonomous cars. In general, automated car safety and human
interaction are well-established fields. Among autonomous vehicles, safety is divided into
cyber security and road safety. Road safety involves the physical safety of the vehicle
while driving and interacting with other autonomous and human-driven vehicles. Cyber
security refers to the vulnerability of onboard computers to attacks on their functionality
and sensitive information, as well as unauthorized access to the private information of
passenger [48].
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According to [48], autonomous vehicles contribute to active passenger safety by
preventing collisions. Active safety depends on the system’s ability to detect threats and
respond appropriately in those situations. It is possible to measure responsiveness by
taking the product of the vehicle’s speed and response time in relation to its look-ahead
distance. Equation (1) provides the response ratio, where v is the vehicle speed, T is the
response time, and d is the sensor look-ahead distance.

T
Response ratio = % 1)

In urban driving scenarios, the sensor look-ahead distance could be replaced with
the vehicle gap to compute responsiveness. For navigation safety at high speeds of about
100 km per hour, with small gaps of approximately 10 m, the response time of the system
must be on the order of milliseconds. For the vehicle to be more responsive, the system
must be able to identify dangerous scenarios in real time. Also, [49] discusses active
safety systems for autonomous vehicles in unstructured areas, emphasizing the importance
of perception reliability. As of now, the reliability of autonomous cars’ mechanical and
electronic components is well studied and addressed [50]. As a result, software reliability
is the key challenge regarding the safety of autonomous cars. Passenger safety is largely
determined by the way vehicles respond and recover from unexpected circumstances, such
as sensor failures, data loss, and communication breakdowns.

Furthermore, ref. [51] explored conversations between an autonomous vehicle and its
users to identify elements of trust in the dialogue. Through their interaction with the vehi-
cle, ref. [51] examined the extent to which people engaged in “actual conversation” with
the vehicle, as well as their attempt to establish emotional and interpersonal connections.
In general, even when the autonomous vehicle offered conversational interaction, people
tended to engage in command-based interactions, and only occasionally did they embrace
a more conversational approach despite the vehicle’s apparent capacity to engage in con-
versation. This behaviour corroborates major concerns expressed by the public regarding a
willingness to adopt Al driver technology, particularly relating to issues of trust.

Further limitations to the present study tilt towards sample size. While the study
sample was sizable, it only comprised a convenient sample of London drivers aged 18
to 89. However, as it is not a population sample, a higher sample size could lead to
improved machine-learning model performance. Secondly, there is strong evidence that
driving exposure affects driving performance significantly [52]. This should be further
examined as it may also result in notable changes in EEG readings and disparities in
cognitive demand between participant groups based on driving experiences. The study’s
equipment’s Bluetooth capabilities is one of its strengths. Every measurement taken during
the experiment was immediately transmitted over Bluetooth to the experimenter’s research
phone. Lastly, this study’s field experiment was done in an automobile, with participants
operating the vehicle to maximize the generalizability of the results.

8. Conclusions

Using EEG, HR, and BP signals, the authors examined the neurophysiological effects
of talking on a hands-free mobile phone in real time on drivers. A model was developed to
classify the cognitive performance of drivers. In multiple algorithm analyses, EEG theta
and lower alpha signals increased during the hard tasks and exceeded those during the
easy tasks. The BP and HR under phone condition were higher than the BP and HR under
no-phone condition.

To gather subjective data from each participant, the authors used a questionnaire.
The answers provided by the drivers to the qualitative questionnaire produced empirical
evidence regarding their cognitive performance. For the dataset, the authors researched
and selected the most appropriate algorithms. The answers to the survey were used to
verify the machine-learning techniques and the effects of driving and talking on hands-free
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mobile phones (which vary subjectively among participants) were, therefore, validated. An
accuracy level of 97% was achieved by using the feedforward network.

From Table 2 above, participants average blood pressure without phone = 114.52,
while average blood pressure with phone is 121.30. Participants’ average HR without
phone = 71.07. Average HR with phone = 77.43. Further statistical results shows that
participants’ theta easy average = 2,430,000.00, whereas theta hard average = 2,890,000.00.
Average lower alpha easy = 3,080,000.00, whereas average lower alpha hard = 3,540,000.00.

According to these results from the quantitative approach, while the EEG theta and
lower alpha bands are higher for the hard task than for the easy task, and while the BP
and HR under the phone condition are higher than the BP and HR under the no-phone
condition, the subject is cognitively loaded, evoking poor performance. If they are shown
to be lower, the subject’s performance is deemed to be good. In a similar vein, the results
of the qualitative survey form indicate that cognitive workload on participants increased
significantly while performing the phone tasks. The results of this study have validated
our hypothesis.

The authors have comprehensively evaluated the potential challenge to this study by
considering the feasibility of replacing the human driver with an Al driver and monitoring
and controlling cognitive distraction due to conversation between the Al driver and a
passenger. In summary, autonomy contributes to active passenger safety by preventing
collisions. The ability of the system to respond to incoming threats and plan proper
responses in those situations is vital to active safety. However, software reliability is the
biggest challenge when it comes to autonomous cars” safety. For passenger safety, how
vehicles react and recover from unforeseen circumstances, such as sensor failure, data loss,
and communication failures, is crucial. However, the public still has major safety concerns
regarding the adoption of Al driver technology despite the emerging technology.

The authors acknowledged and cited earlier related research that had findings that
were comparable to this research in the discussion and analysis section. Despite the
overwhelming drawbacks, talking on hands-free mobile phones has some notable benefits,
such as making communication generally more accessible, especially emergency calls.
Nonetheless, the overall result from this study generally advises members of the public
to limit conversation times, do essential talking whilst driving, and perhaps use voice-
activated mobile phones to minimize the risks due to distraction. The generalization of the
created model across the United Kingdom will be the focus of our upcoming study.
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Appendix A

Questionnaire Form

Thank you for taking part in our research, your feedback will be very much appreciated.
Please evaluate your experienced workload and assess the impact of mental demand by filling
in this questionnaire based on the scale provided below.

About You:

Age

Gender

Driver Group: Novice Experienced Elderly

Please tick the box which you think best represents the impact of mental demand from your
experience during the experiment. 0 represents no impact while 100 represents a maximum

impact.

0 41-45 86-90
1-5 46-50 91-95
6-10 51-55 96-100
11-15 56-60
16-20 61-65
21-25 66-70
26-30 71-75
31-35 76-80

36-40 81-85
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