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ARTICLE INFO ABSTRACT
Keywords: Introduction: With the announcement of novel Coronavirus disease 2019 (Covid-19) as a pandemic
Driver behaviour by World Health Organization (WHO) in March 2020, the whole world went into a lockdown that

Post-Covid-19

Vaccinated drivers

Driver health vitals

Driver psychology
Pandemic-sustained transportation

heavily affected human economic and social life. Since December 2020, with the discovery of
effective vaccines, the world is now returning to some normality, particularly for those who are
vaccinated. The multimodal transportation has resumed with majority of vaccinated drivers being
back on road, driving to their work, and providing transport services. However, there are still
several long-term Post-Covid-19 factors, affecting driver health and psychology.

Methods: The study deployed a systematic search strategy and selected 62 research publications
after rigorous evaluation of the literature. The review was based on (1) forming the inclusion and
exclusion criteria, (2) selecting the appropriate keywords, and (3) searching of relevant publi-
cations and assessing the eligible articles.

Results: A broad perspective study is carried out to gauge the impact of Post-Covid-19 scenarios on
the driver physical health and mindset in the context of road safety and pandemic-sustained
transportation. It was found that the Post-Covid-19 factors such as wearing face-mask during
driving, taking oral anti-viral drugs, and fear of contracting disease, significantly impact the
driver’s performance and situation awareness skills. The analysis suggested that driver’s health
vitals and psychological driving awareness can be precisely detected through hybrid driver state
monitoring methods.

Conclusions: The paper conducts a comprehensive review of the published work and provides
unique research opportunities to counteract the challenges involved in precise monitoring of
driver behaviour under the effects of different Post-Covid-19 factors. The perspective suggested
the possible solutions to live with the pandemic in the context of pandemic-sustained
transportation.

1. Introduction

Covid-19 has heavily impacted the world economy, human life, healthcare system, life psychology, and transportation (Cusack,
2021; Lemke et al., 2020; Liu et al., 2022). As of January 2022, particularly due to Omicron variant of Covid-19, more than 370 million
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Table 1
Main research questions related to the Post-Covid19 problems, and potential hypothesis.

Research Questions Hypothesis

What impact will be imposed on the driver life in Post-Covid-19?  The restrictions will be imposed for vaccinated positive Covid-19 drivers. Particularly, if having
low to mild symptoms, then they may have to self-isolate at home, or provide services by
wearing facemask.

What will be the main factors affecting the driver behaviour The main factors would include wearing the facemask, adopting defensive style, and taking
during driving in contrast to Post-Covid-19? Covid-19 anti-viral drugs during driving particularly for ride share, bus and taxi drivers.

How the effects of Post-Covid-19 will be impacted on driver The restrictions of Post-Covid-19 would impact the driver performance by inducing driver
health and psychology? fatigue and sleepiness, if the facemask is worn for long hour of driving, as well as a stress could

also be tempted because driver will need to remain more cautious and active for limiting the
spread of disease despite the granted freedom.

What measures need to be taken to provide assistance to the The smart detection algorithms can be deployed for real-time tracking of driver health, and
driver when affected by Post-Covid-19 factors? adaptive shared control strategies can be devised to provide assistance to the drivers during
driving.

people have been affected by the disease, resulting in more than 5.65 million deaths worldwide. In the period of more than two years
since December 2019, the daily life of entire world is intensively transformed to online education, working from home, and social
distancing interaction (Dwivedi et al., 2020). Particularly, due to the enforcement of various types of lockdowns (such as, partial, herd,
and complete), people were directed to stay at home with no visitors allowed (Saba et al., 2021). This resulted in low multimodal
transportation, reduced traffic collisions, and radical change in driver behaviour (Katrakazas et al., 2020).

In the early stage of Covid-19 pandemic over the period of March 2020 to December 2020, the lockdowns and grounding of vehicles
and airplanes had severe impact (Qureshi et al., 2020; Di Domenico et al., 2020). Studies reported in the literature indicate that during
the lockdowns, the mobility of transportation was reduced by 74%, resulting in 62% decrease in crashes and fatality rate in various
parts of the world compared to Pre-Covid-19 scenarios (Gupta et al., 2021). In Spain, the mobility of transportation was significantly
reduced by 65%, resulting in 62% decrease in fatalities (Katrakazas et al., 2020). A similar situation was also observed in the United
States, Canada, Kingdom of Saudi Arabia, and Greece (Vanlaar et al., 2021; Sekadakis et al., 2021). While, the mode of active
transportation (cycling, walking) increased from 9% to 18% (Shaer and Haghshenas, 2021). The ride-share services such as taxi drivers
reduced their shifts because of low work and fear of contracting the disease (Wang et al., 2021; James et al., 2021a). At the same time,
common adult and specifically adolescent drivers remained non-vigilant and made common driving mistakes on quiet roads (Inada
et al., 2021; Yasin et al., 2021; James et al., 2021b; Stavrinos et al., 2020). The studies conducted showed a significant increase in
driving mistakes, including 10% in speeding, 4.2% in distracted driving, 42% in mobile phone usage during driving, and 26.3% in use
of alcohol and drugs (Katrakazas et al., 2020; Gupta et al., 2021; Tucker and Marsh, 2021). However, these variations in the driver
behaviour can be considered as short-term impacts on transportation and can be prevented by imposing fines and demerit points (Kim,
2021). As the restrictions eased and lockdown was lifted, the transportation mobility was increased, the phone usage and speeding was
decreased (Truelove et al., 2021).

With the breakthrough in Covid-19 vaccines since December 2020, the world is now gradually returning to some normality, though
not quite the same as the Pre-Covid-19 routine life (Li and Giabbanelli, 2021). The countries such as Singapore, United Arab Emirates,
and Australia have achieved more than 90% double vaccination target, and are encouraging people to receive the third dose (booster)
as soon as possible after three months of the second dosage of Covid-19 vaccine to prevent the deadly consequences of Delta and
Omicron variants (RACGP, 2022). The citizens are granted freedoms to travel overseas, move around the country, and live life like
close to Pre-Covid-19. People now can visit the friends and family, drive to their offices for work, and can socially interact. However,
there are still several factors of Covid-19 that will keep affecting the transportation particularly driver behaviour despite incredible
rate of vaccinations and are assumed to continue for several years.

This study explores the Post-Covid-19 factors that can impact driving and revolutionize the conventional way of monitoring and
compensating for the driver behaviour using available technologies. According to the literature, most of the studies conducted on the
relationship between Covid-19 lockdown and driving, were focused on the speed of the driving as well as the driver’s eating and
drinking habits during this period, the distance travelled every day, and the usage of alcohol (Katrakazas et al., 2021). The main aim of
the paper is to determine the influence of Post-Covid-19 factors affecting the driver behaviour psychology and health vital condition
relating to various research questions presented in Table 1. A comprehensive analysis of published papers in the context of Covid-19
sustained transportation as well as road safety is conducted. This can provide unique research opportunities in the deployment of
innovative technologies to accurately detect driver behaviour impacted by Post-Covid-19 factors. More specifically, the paper in-
vestigates current trends and challenges associated with detecting exact state of driver while wearing face mask, examination of
hurdles involved in precise estimation of driver situation awareness level under the psychological stress, and possible new research
directions in approximating the fear of contracting the disease induced during driving, as well as conducive methodologies proposed
for monitoring the effects of Covid-19 medicines on driving performance. Such factors can contribute to study and simulation of the
driver fatigue and sleepy conditions represented through frequent yawning and distractions (Ansari et al., 2020, 2022a). Therefore, it
is important to understand the long-term impact of Post-Covid-19 on driver behaviour to prevent catastrophic consequences for
smooth transportation.

The key contributions of the work presented in this paper can be described as.
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Fig. 1. Prisma systematic review strategy.

1. The paper identifies the core impact of Post-Covid-19 factors on driving behaviour related to health and psychology.

2. A comprehensive perspective analysis of several Post-Covid-19 factors is presented, which are assumed to last for several years.

3. Proposing new research ways and unique opportunities in development of innovative solutions to counteract the challenges
involved in detecting the accurate state of driver behaviour impacted by different Post-Covid-19 factors.

The remainder of the paper is organized as follows. Section 2 provides an overview of review methodology deployed in this work.
Section 3 discusses the various Post-Covid-19 factors affecting driver behaviour and psychology. Section 4 provides the discussion on
the perspective of Post-Covid-19 impact on the transport and health. Section 5 presents the challenges and future directions involved in
estimating the Covid-19 impacted driver behaviour. Finally, some conclusions are drawn in Section 6.

2. Review methodology

A review of the relevant literature is conducted in this section to demonstrate the research gaps in driver behaviour affected by
Covid-19. To gauge the publications, major scientific databases (Scopus, Science Direct and Google Scholar) with the keywords
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Fig. 2. Hierarchical representation of possible Post-Covid-19 factors.

[“Covid19” or “Covid-19” and “driver behaviour” or “driving behaviour”, “Covid-19 + road safety” or “Covid-19 + transport™, “Covid-
19 + Driver stress”, and “Covid-19 + Driver health] from January 2020 to July 2022 were searched. A systematic Prisma search
strategy was followed as described in (Ansari et al., 2022b) and presented in Fig. 1. The search resulted in around 992 research
publications including theses, reports, chapters, tutorials, conferences, and journal articles. The search results were filtered by
removing theses, reports, letters, and duplicate entries which resulted in 554 publications.

Furthermore, to identify the most relevant publications corresponding to the research questions and associated hypothesis shown in
Table 1, the publications were screened in following three stages.

Stage 1 Title screening: The publications with titles not related to driver behaviour impacted by Covid-19 were excluded. This resulted
in 282 research publications.

Stage 2 Abstract screening: The abstracts of publications remained from stage 1 were evaluated, and the papers that did not contribute
to providing the scientific evidence towards the driver health, psychology, and driving performance, were removed, which
resulted in 151 research publications.

Stage 3 Full-text assessment: The remaining publications from stage 2 were further evaluated and 62 papers were included that pro-
vided original contribution towards the inclusion criteria provided in Fig. 1.

Based on the authors’ knowledge search, there was only systematic review article found in the database, focusing on the impact of
Post-Covid-19 pandemic on driver behaviour focused on driver’s personality and personal barriers (Ahmad et al., 2022). In general, the
paper discussed the changes in driver’s personality trait towards travel experience and attitude, contagion impact of Covid-19, so-
cio-psychological and financial impact during lockdown. In addition, the paper discussed the importance of adopting the preventive
health measures such as hygiene and safety, familiarity with the contagion behaviour of Covid-19 disease, and precautionary mea-
sures. However, the study did not aim on the changes occurred in the driver’s health and psychology and alternatively on driving
performance during Covid-19 or Post-Covid-19 periods. Our study covers the shortcomings and provides an enhanced understanding
of several Post-Covid-19 factors that can affect and leverage the driver’s health, psychology, and driving performance.

The selected articles were examined and the information associated with the effects of Covid-19 on the driver health, psychology
and transport was extracted. The review showed that 16% articles explored the effects of wearing face-mask, 7% discussed the
importance of oral Covid-19 drugs, 13% demonstrated the driver psychological stress caused by Covid-19, 22% discussed the driver
situation awareness skill and its automated estimation, 3% represented the consequences of disease fear, 8% signified the changes
occurred in driving behaviour during Covid-19 lockdown, 16% expressed the impact of pandemic on transportation, and 15% pro-
posed novel methodologies for monitoring the driver health and actions. Furthermore, 11 publications including journal articles, arxiv
preprints and Covid-19 related news were included in quantitative synthesis analysis.

3. Post-Covid-19 driving behaviour factors

This section discusses Post-Covid-19 factors that have potential to affect the driver health and mindset. A hierarchy related to
different Post-Covid-19 factors is shown in Fig. 2.

3.1. Wearing face mask during driving

Since the declaration of Covid-19 as pandemic by World Health Organization (WHO) in March 2020 (Vanlaar et al., 2021), usage of
facemasks particularly for bus, taxi, and home delivery drivers have become mandatory (Dzisi and Dei, 2020). Currently, this re-
striction is still imposed on bus, taxi, and ride share drivers in various locations of world despite the high vaccinations rates and is
assumed to remain in force for the next several years because of new variants of virus. In future, when there will not be any
requirement of quarantine or isolation for vaccinated positive Covid-19 drivers with permission to drive freely, drivers will only be
confined to wear the approved face mask until they return with a negative test result (Health, 2022).

Wearing facemask is considered a major prevention measure to limit the spread of disease (Agyemang et al., 2021). However, the
prolonged usage of facemask has proved to undermine in physiological health parameters such as breath rate, oxygen saturation, and
heart rate (Lassing et al., 2020; Scarano et al., 2021; Fukushi et al., 2021). The study reported in (Scarano et al., 2021), observed
change in oxygen saturation and heart rate on dental surgeons wearing face mask for more than 2 h. The study reported significant
reduction in oxygen saturation (SpO2) up to 91% and increased heart rate up to 98 beats per minute (bpm), when wearing mask for
120-240 min as shown in Fig. 3. Psychologically, facemask has resulted in compromised autonomy and competency (Scheid et al.,
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Fig. 3. Effect of wearing surgical face mask for more than 2 h can significantly affect the human health parameters (Scarano et al., 2021). The
oxygen saturation (SpO,) is shown at left, and heart rate is shown at right.

2020). Hence, a psychological stress is induced that can result in absent mindedness and unfocused driving.

Based on the above articulation, it can be possibly implied that the prolonged used of facemask can also significantly affect the
driver behaviour. Particularly, on long monotonous highways where reduced oxygen saturation can contribute to underload mental
fatigue. Though, research in this regard is unclear as extensive exploration and experimentation are required to develop more so-
phisticated driver identification systems.

3.2. Consumption of Covid-19 antiviral drugs

The revolutionary discovery of Covid-19 antiviral medicines will transform the way the Covid-19 virus is treated and will also
contribute to reducing the psychological fear of contracting disease. Several antiviral drug groups such as Fusion, Protease, Reverse
Transcription, and Neuraminidase inhibitors have been discovered and are under clinical trials (Frediansyah et al., 2021). Ribavirin
and Favipiravir are the first tested oral Covid-19 drugs (Frediansyah et al., 2021; Joshi et al., 2021). With drugs still under clinical
trials, researchers are working hard to develop an effective Covid-19 drug to be consumed orally.

Every type of medicine and drug has an impact on human activity performance, particularly on driving that can result in fatigued
and unfocused driving. There is a perspective that in the future the side effects of oral Covid-19 drugs could also impact the driver
behaviour in terms of absenteeism, mental fatigue, and distracted driving (Kumari et al., 2022). Yet, exhaustive research and efforts are
required to understand and classify the effects of Covid-19 antiviral drugs on driver health, psychology, and driving stamina. Hence,
there is a potential in designing more advanced and intelligent driver monitoring systems, such as tracking health vitals using smart
wearable sensors in real-time (Ansari et al., 2021a, 2022a; Choi et al., 2017), or monitoring heart rate variations through radar-based
contactless sensors mounted directly on steering wheel (Wang et al., 2019).

3.3. Psychological stress during driving

Covid-19 outbreak has brought an alarming psychological distress and fear among people, resulting in socio-economic crisis, and
boosting mental stress (Lopetrone and Biondi, 2022). Yet, psychological effects on the driver or driving behaviour are unclear.
However, there is a perception that Post-Covid-19 psychological stress has strong relationship with driving behaviour (Montoro et al.,
2022). It is reasonable to assume that stress of contracting the disease during driving from unknown passengers will be high in ride
share, buses, and taxis, forcing more hygiene care restriction after every trip (Zavareh et al., 2022). Furthermore, positive Covid-19
passengers can also induce a psychological stress and fear in the drivers that could encourage speedy completion of the trip and
risk-taking behaviour, resulting in increased probability of speeding and unpredictable manoeuvres.

The facemask psychological stress as reported in (Goh et al., 2020), can even impact vaccinated positive Covid-19 drivers during
driving by providing extra prevention to the passengers. Hence, the consequences would include increased driving vigilance, adoption
of more defensive driving style, and alternatively reduction in driving stamina. Hence, there is exhaustive research required to develop
advanced driver monitoring systems that can detect the psychological stress through variations occurred in health vitals or through
facial expression.

3.4. Driver situational awareness

Driver awareness of surrounding scenes, environment, and traffic flow is necessary. Self-prediction of road-agents such as speed of
oncoming vehicles, stationary obstacles, trajectory of pedestrians towards the driver’s path, and maintaining the vehicle within the
required lane, are important driving tasks carried out by the driver (Li et al., 2020; Avetisyan et al., 2022). Knowing the information of
surroundings and road-agents is a driver skill that contributes to driver situational awareness level. During the Covid-19 lockdowns, on
empty road, young drivers were thrilled in speeding and involved in various motor vehicle collisions (Sekadakis et al., 2022;
Al-Hussein et al., 2022). The main causes behind were poor driver situation awareness, careless driving, and over-confidence. These
short-term effects were quickly reduced as soon as the lockdowns were lifted (Truelove et al., 2021). However, the situation awareness
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Fig. 4. Roundabout scenario (right-hand driving): Ego-vehicle crossing illegally possibly due to unawareness or misinterpretation the speed of legal-
vehicle coming from right hand, ending in collision.

Table 2

Perspective of various Post-Covid-19 factors affecting driving nature: Effects and consequences.

Post-Covid-19 factor

Effects

Perspective Consequences

Facemask (Lassing et al., 2020;
Scarano et al., 2021; Fukushi
et al., 2021)

Oral Covid-19 drugs (Kumari et al.,
2022)

Psychological stress (Montoro
et al., 2022; Zavareh et al.,
2022; Goh et al., 2020)

Situation awareness (Salmon and
Plant, 2022; Watson-Brown
et al., 2021)

Disease fear (Siddique et al., 2021)

Driving stamina (Lopetrone and
Biondi, 2022)

Prolonged wearing the facemask can result in low
respiratory rate, reduced oxygen saturation, and increased
heart rate.

People with mild Covid-19 symptoms could consume oral
Covid-19 medicines, whose mild side-effects can result in
absenteeism, dizziness and mental fatigue.

The virus has brought psychological stress of keeping
hygiene conditions and retaining social distance.

The positive Covid-19 driver sustaining mild symptoms can
contribute to poor situational awareness of surrounding and
misjudging the speed of oncoming vehicles in complex
driving scenarios.

The fear of contracting disease has brought anxiety, and
depression.

The anti-viral Covid-19 medicines and psychological stress
could increase driver vigilance, where drivers can embrace
defensive driving. Hence, resulting in reduced driving
stamina.

The extended use of facemask can result in drowsy and
fatigued driving due to drastic change in physiological
driver parameters.

It could be recommended that drivers should not drive when
consuming Covid-19 drugs. Otherwise, this could result in
sleep and fatigued driving.

A mental distress could be induced when a taxi driver takes
a positive Covid-19 patient, resulting in prompt completion
of trip and ultimately becomes susceptible to making
driving errors.

The driving becomes challenging due to poor situation
awareness resulting in erroneous turns, and inappropriate
application of steering wheel and pedals, and ending in
serious crashes.

The consequences would include distracted driving, where
bus, rideshare or taxi drivers would pay more attention to
positive Covid-19 passengers instead of focusing on driving.
Because of reduced driving stamina, the bus and taxi drivers
can opt to reduce their working shift until they recover from
disease.

under the effect of various Post-Covid-19 factors such as, wearing facemask for long hours can contribute in poor understanding of
surrounding vehicles and external scenes, resulting in fatal crashes (Goh et al., 2020).

The components required for developing the driver situation awareness include feeling of vehicle speed, route trajectory and road
lines, hazards perception, and scanning the actions of other road-agents (Salmon and Plant, 2022). In the perception of Post-Covid-19
scenario, it is assumed that the likelihood of taking erroneous turns, misinterpreting the speed of oncoming vehicles, missing a traffic
signal, and unawareness of pedestrians, will be high among positive Covid-19 drivers bearing mild flu like symptoms (sneezing,
running nose). This can be caused by continuous wearing of facemask, itchy eyes, and getting confused with the green light of next
traffic signal with the forthcoming red-light signal. Hence, resulting in poor situational awareness of the surrounding scenes and risks
estimation. For example, in a roundabout scenario as shown in Fig. 4, an ego-vehicle driver (assumed positive Covid-19 patient) may
overlook the approaching vehicle holding the right to pass the roundabout and ending in crash. Such driving mistakes caused by poor
situation awareness are no different from inactive, fatigued, and drunk driving (Ansari et al., 2021b, 2022b; Watson-Brown et al.,
2021). Therefore, innovative solutions need to be devised, and extensive exploration is required to accurately estimate the driver
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situational awareness caused by Covid-19 disease.
3.5. Disease fear

Covid-19 brought higher prevalence of anxiety, depression, poor sleep quality, and fear of contracting disease (Siddique et al.,
2021). A recent study conducted in (Siddique et al., 2021), suggested that women are more susceptible in having the fear of Covid-19
disease compared to men. Hence, it can be implied that the fear of contracting the disease is greater among female drivers compared to
male drivers. For example, a female taxi driver can invest more attention towards the passenger’s hygiene behaviour by looking
frequently in rear-view mirror, resulting in distracted driving. On the upmost, if the positive Covid-19 passenger is not wearing a
facemask, then an anxiety and fear start to build up in a driver when he/she begins to know in the middle of the trip, reflecting through
erratic application of steering wheel. The situation would then become critical for the driver and could induce mental overload
conditions (Ansari et al., 2022a).

3.6. Summary

The possible Post-Covid-19 factors affecting driver behaviour and performance were reviewed in this section. A perspective to-
wards the effects and consequences of each factor is summarised in Table 2.

4. Discussion

As the world is now learning and adapting to live with the contagious Covid-19 disease, it is announced by numerous governments
that the Covid-19 virus will be treated like other daily routine illnesses such as flu and common cold (RACGP, 2021; CityAM, 2021).
With the passage of time, most parts of world are out of lockdown and returning to the normal life. The government and policy makers
are dedicated to design safe travel policies and rules for Post-Covid-19 (Awad-Ntnez et al., 2021a). The road users are directed to
adhere to the rules and regulations to limit the infection of disease while driving with family and friends, or using public transport
(Awad-Ntnez et al., 2021b).

Considering the current trend, there is a high possibility that in future there will not be any quarantine or isolation required for
positive Covid-19 patients and will be allowed to move freely. This initiative is recently adopted by New South Wales (NSW) gov-
ernment Australia where mandatory self-isolation for positive Covid-19 is no longer required from October 14, 2022 (Health, 2022).
This implies that the ride share, bus and taxi drivers considered as conveyor for spread of disease will be allowed to provide services
with some restrictions (Li et al., 2022). Hence, the long lasting Post-Covid-19 restrictions may include wearing the face mask, taking
anti-viral Covid-19 drugs, and adopting defensive and more vigilant driving (Yan et al., 2021; Biswas et al., 2021).

Face covering using approved facemask is essential in limiting the spread of pulmonary contagious airborne diseases (Natnael et al.,
2021). With the passage of time, mandatory face covering requirement is slowly removed from public transport and rideshare services
in various parts of the world because the majority of people are now vaccinated and there is some degree of herd immunity. Partic-
ularly in Australia, the condition of wearing facemask is removed since September 20, 2022 in passenger transport services, with
recommendations to follow the Covid-safe hygiene practices such as, wearing facemask, wiping high touching surfaces inside the
vehicle regularly, and get tested if feeling Covid-19 symptoms (South Australia, 2022). This has indeed returned the taxi demand and
recovery of public transport (Li et al., 2022; Hsieh and Hsia, 2022). However, it has also raised concerns and challenges. Particularly, in
scenarios, when Covid-19 tested positive taxi or bus driver still performing duties with mild symptoms. In such cases, drivers may be
recommended to wear facemask and take antiviral drugs to limit the spread of disease until they return negative results.

Recently, Paxlovid (nirmatrelvir and ritonavir) and Lagevrio (molnupiravir) have been approved as the first Covid-19 oral antiviral
drugs in Australia but not fully registered to treat Covid-19 disease (Kumari et al., 2022; Government, 2022). It is declared that the
drugs may cause possible side effects of nausea, dizziness, and shortness of breath. However, these are new medicines and currently
under surveillance to fully classify the possible side effects in a diverse age and gender groups. Hence, it may be recommended that the
drivers with mild symptoms should vigilantly drive the vehicle and stick to defensive driving styles to cope with the unexpected road
situation.

The circumstantial effects of wearing facemask or taking antivirals are not limited to health vitals only but can also raise the
psychological stress and risk perception while driving or travelling in public transport (Zavareh et al., 2022). There are several possible
scenarios discussed in Section 3 relating to stress and disease fear that directly affect the driver’s situation awareness skill. Although,
vaccines and antiviral medicines significantly reduce the fear of contracting disease or increase immunity towards Covid (Kumari et al.,
2022; Mohapatra et al., 2022). However, there can be several challenges associated with them. One possible perception can arise
where road situation awareness skill can be greatly reduced, due to the effect of oral antivirals on the mental health of the drivers
(Mohapatra et al., 2022). Hence, innovative solutions need to be devised that can intelligently monitor the driver health as well as
psychological stress caused specifically by facemask and antiviral drugs. Such developments require extensive research to fully un-
derstand the impact on the driver’s experience, activities, and health vitals for smooth and Covid-19 sustained transportation. Some
possible future directions in developing intelligent methodologies in this regard are discussed in the following.

5. Challenges and future directions

To develop flexible intelligent systems that can effectively monitor the driver’s states, reactions, and leveraging of vehicle functions
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Fig. 5. Schematic diagram of driver states measurement and classification.

under the effect various Post-Covid-19 factors as discussed above, innovative solutions and advanced methodologies need to be
devised. An analysis of the challenges involved and future research directions in this field are conducted below.

5.1. Driver state monitoring

Monitoring the driver state under the effect of Post-Covid-19 factors can become challenging. This is particularly true when
measuring variations in the health vitals, psychological stress, and fear of contracting the disease. Various driver behaviour monitoring
methods are discussed in literature (Ansari et al., 2023), including intrusive and non-intrusive techniques. Keeping them as baseline,
innovative solutions can be devised to diagnose the effect of the Post-Covid-19 factors. This section proposes a hybrid methodology
that can be deployed to measure the effects of different factors discussed in Section 3.

Facemask is considered as one of the important Post-Covid-19 factors, resulting in discomfort, particularly for drivers who wear
vision-spectacles causing foggy glasses, and ultimately influence the driver behaviour to make driving errors. Several object detection
algorithms based on computer vision techniques, and innovative deep learning models are proposed in detecting the contour of mask
or respirator (Nowrin et al., 2021; Nagrath et al., 2021). However, the literature is not strong on methods proposed to determine the
health variations as well as psychological effects induced in drivers during long-hours of driving due to prolonged usage of facemasks.

It is of utmost important to investigate the temporal behaviour of driver under the influence of anti-viral Covid-19 drugs, and
disease fear. To understand the transition in driver states as well as psychological stress caused by facemask, the systems should not
only be confined to vision-based technology, but also monitor the health parameters. For example, monitoring the skin conductance
and temperature can help in approximating the anxiety and psychological stress as reported in (Mauriz et al., 2020). Furthermore,
monitoring the driver’s oxygen saturation (SpO»), respiratory rate, skin temperature, and heart rate, can help in understanding var-
iations in driver’s transition from alert state to sleepy condition, and drowsy or fatigued behaviour. Hence, by combining the
vision-systems with the driver’s physiological monitoring systems can lead to a robust driver detection system. A schematic diagram of
possible measurement of driver states under the effect of various Post-Covid-19 factors is proposed and shown Fig. 5.

The intelligent algorithms can learn the hybrid temporal physiological parameters and classify the driver’s states based on actions,
experience, and sensation generated in driver’s health. Although, camera-based systems can effectively monitor the driver’s condition
while wearing the facemask, however, it becomes failed in providing the physiological behavioural changes occurred during driving.
Smart wearable sensors such as, smartwatches, smart wrist-bands, and smart clothes can overcome the shortcomings of vision-
techniques, and can precisely monitor the health and psychological aspects of driver performance.

5.2. Estimating driver situation awareness

It is important to estimate and predict the driver’s awareness under the effect of Covid-19 towards complex driving tasks, such as,
crossing through a residential area where children are playing on the kerbside, or a vehicle reversing and merging towards the road
from its home driveway, or most importantly, an accelerating vehicle merging on ego-vehicle’s respective lane on a highway scenario.
In this regard, based on the literature, driver’s visual skills are assessed subjectively, where drivers respond to the driving-related
questionnaires (Liang et al., 2021; McKerral and Pammer, 2021). In objective evaluation, driver’s gaze behaviour, eye blinking and
pupil tracking are assessed to approximate the attention driven towards various situational awareness scenarios (Liang et al., 2021;
McKerral and Pammer, 2021). However, depending solely on the visual features analysis is not adequate, as it is possible that a driver
after scanning the surrounding may miss an approaching vehicle at night whose headlights are turned off in a T-intersection crossing.
To overcome these shortcomings, intelligent systems are deployed in commercial cars that provide warnings of hazards through
sensory measurement (proximity sensors, radar or LiDAR) (Choi et al., 2021). Researchers are currently involved in forecasting the
trajectories of road-agents that could help in providing the information of surrounding scenes and associated risks (Yi et al., 2022).

In the event of Post-Covid-19 scenarios discussed in Section 3.4, driver’s vigilance and stamina can be approximated effectively by
simultaneous monitoring the driver actions, external scenic understanding, road-agents forecasting, and vehicle dynamics as illus-
trated in Fig. 6. Intelligent estimators based on multi-layer perceptron are currently deployed to predict the trajectories of external
road-agents as reported in (Ansari et al., 2022b). However, for a pandemic-sustained intelligent system, it is important to devise an
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algorithmic-policy that should gather the information of positive Covid-19 driver actions, monitor symptoms visually and physio-
logically, predict the visual motion of hazards surrounding the vehicle, track the vehicle dynamics, and then deploy necessary shared
control execution to assist the driver in challenging driving tasks.

6. Conclusion

This paper provided a broad spectrum towards the impact of Post-Covid-19 on driver behaviour in the context of road safety and
pandemic-sustained transportation. The perspective revolved around the health and psychological effects of various factors such as
variations in health parameters due to wearing facemask, effects of Covid-19 anti-viral oral drugs on driving, scenarios involved
affecting driver situation awareness, and psychological stress and fear of disease that could result in unpredictable driving behaviour.
The paper identified research gaps in detecting the driver state monitoring and estimating the driver situation awareness affected by
several Post-Covid-19 factors. In general, possible solutions and approaches in driving to live with the pandemic in the context of road
safety and smooth transportation were demonstrated. It was shown that intelligent hybrid and adaptive temporal learning algorithms
based on the driver’s action monitoring, physiological states, external scenes localization, and vehicle dynamics are potential
approaches.
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