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Abstract
Monotony is the most prominent characteristic feature of the prairie highway. Monotony can cause a
decrease in the level of arousal, leading to lower vigilant. This study sets the greening unit as an arousal
task to withstand the monotony and examines the different landscapes’ effects on EEG(electroencephalo-
graph) and eye movement for drivers. 26 participants took part in a simulated driving experiment. Three
scenes correspond to other greening units, respectively, one set as the control group without greening.
The results show that the greening unit will improve driver vigilance and external eye movement control
preponderance. The type of eye movement and [(alpha + theta) / beta] performance optimal arousal is
immediate but discontinuous; The type of eye movement and alpha sample entropy show different
spatial patterns of landscapes have different effective lengths. In conclusion,(1) Landscape Fully open
with triangular shape  provides superior arousal effect (2)The greening unit length threshold
corresponding to the optimal arousal level of drivers is 666 m; (3)The alpha sample entropy of less than
0.234 can be identi�ed as the threshold of effect greening length

1. Introduction

1.1. Background
Monotony means that road line types and landscapes remain unchanged or changed predictably [1].
Many simulations and real driving studies have proved that drivers’ alertness and arousal levels under
monotonous environments decrease and fatigue degree increases [2–7]. The global accident analysis
data show that fatigue accidents related to a monotonous environment have prominent characteristics in
road environment: Most fatigue-related accidents typically occur on roads with speed limits of 72 to 105
km/h in non-urban areas 81% of these accidents occur on straight lines [8–11]. Prairie highway is a
typical, monotonous environment. The driver’s workload is de�ned as underload [12, 13]. T. Oron-Gilad et
al. proved setting alertness maintaining tasks (AMTs) or interactive cognitive tasks (ICT) in underload
working conditions is an effective way to interrupt the accumulation of monotony on time dimension, but
this effect is a short time, beyond a certain time threshold will be ineffective. These tasks are provided by
on-board equipment, which is less likely to be extended to every driver than greening [13, 14–21]. Besides,
Cassarino et al. proved drivers are more sensitive to natural landscapes than human-made ones by
simulation driving and cognitive experiments [22–25]. Furthermore, the theory of directional response and
habituation proves that the accumulation of continuous stimulus in the greening landscape will decrease
the driver’s vigilance [26–28]. To sum up, this paper assumes that (1) The greening unit can be used as
an arousal task to maintain drivers’ vigilance level by increasing visual stimuli,different spatial patterns
of landscapes have different effective ; (2) There is an optimal arousal level of drivers from the greening
unit. At this level, the greening unit can arouse drivers’ visual attention and make the drivers more
vigilance; (3) There is an adequate length for the greening unit. If the greening unit beyond this length, it
will no longer attract the visual attention of drivers.

1.2. Clarify Fatigue, Vigilance, and Arousal
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As a kind of arousal task, greening affects drivers’ physiological and psychological processes in three
aspects of fatigue, vigilance, and arousal [2]. Different de�nitions of these concepts may lead to some
confusion in the understanding of these phenomena. Therefore, their signi�cance in this study should be
clari�ed �rst.

Vigilance: The literature highlights two concepts: a physiological state of alertness and a cognitive
process representing the ability to maintain sustained attention while observing signals for long periods.
Thiffault et al. indicate driving in a monotonous road environment is a vigilance task [1, 3, 29, 30]. For
decades, much of the exploration of vigilance in the �eld of tra�c safety has been tied to studies of
driving fatigue, which has concluded that the most apparent consequence of fatigue is reduced vigilance
[31–33]. Fatigue: Oron-Gilad and Matthews divide driving fatigue into mental alertness and physical
impairment of body orientation. Unlike vigilance, fatigue studies focus on endogenous factors that
in�uence vigilance, such as lack of sleep, changes in circadian rhythms, and driving duration. However,
vigilance is mainly affected by exogenous or task-inducing factors, which will lead to changes in drivers’
arousal and driving performance [34]. Arousal: Pribram et al. de�ne arousal as, under the stimulation of
AMTs, drivers improve the excitability of the cerebral cortex and the automatic physiological regulation
function of increasing vigilance through the brain stem network structure [35, 36]. The arousal level is the
level at which this function is performed. Kenny concluded that the low arousal level caused by long time
monotonous road driving is an essential factor for fatigue [37].

Thus, it is fruitful to consider the combination of fatigue, vigilance, and arousal, since the study of either
concept involves the measurement of the other two. Fatigue and vigilance have a similar theoretical
basis, both of which focus on using the time-on-task experimental principle to detect a series of
physiological and psychological signals from a monotonous stimulus for a long time [2]. Arousal focuses
more on the drivers’ ability to stay vigilance under AMTs.

1.3. A measure of Fatigue and Vigilance
Lal et al. indicate the most reliable and repeatable measure of time-related fatigue in monotonous driving
tasks is the use of electroencephalography (EEG) [38–40]. Eoh proves both Alpha and [(alpha + Theta) /
Beta ] in brainwaves can represent the variation of driving fatigue with time [41]. Since vigilance is an
essential measure of fatigue, the same EEG indicators that characterize fatigue describe vigilance. Craig
et al. proved in a monotonous driving environment that Alpha and Theta power increased with vigilance
decline[38, 42, 43]. Lal et al. proved [(alpha + theta) / beta] is the most reliable index to measure the
vigilance of driving in a monotonous environment. The increase of this index indicates a decrease of
vigilance [44, 45]. Therefore [(alpha + theta) / beta] can measure fatigue and represent alertness level.
Since fatigue has a strict time limit and occurs after 20min of driving, this paper only studies the greening
unit's impact on drivers’ vigilance [2].

1.4. Measurement of Arousal
Arousal level is an indicator of whether the greening stimulus is signi�cant. It varies continuously with the
arousal task duration, but there is no de�nite measurement standard [46]. Therefore, the measurement of
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arousal is the key to judge whether the greening stimulus is signi�cant. The following theories provide
measurement methods:

1.4.1. Habituation theory
Loeb et al. explain habituation as the central nervous system is prone to form habits in response to
repeated stimuli. With the continuation of repeated stimuli, habituation is strengthened, and vigilance is
reduced. Since arousal is de�ned as the ability to stay vigilance, it also decreases arousal [28]. This
theory suggests that arousal levels can be measured in terms of vigilance using [(alpha + Theta) / beta].

1.4.2. The transformation between spontaneous eye
movement and exogenous eye movement
Stern indicates eye movement is composed of two categories: one category caused by identi�able
external stimuli (exogenous), and the other is spontaneous (endogenous) [47]. Sirevaag et al. found that
the spontaneous eye movements at the beginning of the arousal task were caused by increased gaze
duration and saccade duration and the decrease of blink duration due to the exogenous stimulus [47–
50]. Findlay et al. indicate this phenomenon is closely related to drivers’ cognitive processing of stimuli
[51–53]. Pivik and Kaneko explain that spontaneous eye movement is related to the presentation of
motivation and cognitive load. The constant visual stimulus will increase drivers’ cognitive load, leading
to decreased vigilance and arousal level [54]. Tanaka et al. found that spontaneous blinking tended to
grow with vigilance reduction during the constant arousal task [52, 55–63]. To sum up, blink duration,
�xation duration, and saccade duration can measure arousal levels from the visual perspective. Still,
there is no standard to measure endogenous and exogenous eye movement behavior.

1.4.3. Hypothesis on “highway hypnosis”
Wertheim explains highway hypnosis as a decline in drivers’ vigilance in predictable environments for a
long period [64, 65]. Other researchers, including Wertheim, believe that the type of eye movement could
be a key factor in explaining highway hypnosis [27, 66]. The oculomotor system would receive two
information types: retinal (external) and extra-retinal (internal) [67–70]. Retinal (external) controlling
mainly ruled by retinal feedback, and extra-retinal (internal) controlling mainly ruled by extra-retinal
feedback. Retinal feedback is used to deal with external visual information coming from the road
environment. On the contrary, Extra-retinal feedback is used to deal with extra-retinal information to
control eye movements. The extra-retinal signals include information from the mental activities and
internal motor programmers [71–73]. While driving, the main visual feedback type is Retinal feedback
[74–76]. The two types of feedback are in a state of equilibrium when one strengthens, and the other
weakens [75]

Wertheim explained that when drivers are in a state of “highway hypnosis”, the dependence on extra-
retinal feedback is strengthened, but the dependence on retinal feedback is weakened. This is due to the
monotony road environment, where the visual scene on the retina is highly predictable, drivers can
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accomplish the driving task by paying less attention to the road environment. As a result, a part of retinal
feedback is replaced by extra-retinal feedback. Thus, driving is undertaken based on data derived from
very few external visual signals. Furthermore, Wertheim observed that these two eye movement patterns
correspond to the two ways of “controlled” attention and “automatic attention” that from brain cognition
[65].

Wertheim used a psychophysiological measurement to distinguish eye movement control types that can
be in�uenced by the visual system’s activity: EEG alpha activity (8–12 Hz). This activity is usually
measured on the visual centers of the brain (occipital-parietal region). According to Wertheim, when the
attentive component of oculomotor control predominates, the occipital alpha activity is either softened or
blocked, this being a sign of mental vigilance. In contrast, when the intensive component is predominant,
an increase is found in the occipital alpha activity, indicating low mental vigilance [74]. In his study, the
occipital alpha activity was found to a greater extent in the high predictability condition (intensive
control) than in the low predictability one (attentive management) [77].

Ray indicates alpha activity is present in mental relaxation states, physiological inactivity, surveillance
loss and is either absent or blocked during visual attention [78]. Bender et al. demonstrated that alpha
activity is associated with eye movement [79–81]. Therefore, this paper assumes a signi�cant correlation
between eye movement and Alpha in the simulation experiment. If the hypothesis is correct, the arousal
level was measured by alpha activity united with [(alpha + Theta) / beta]. The su�cient length of the
green unit was determined by alpha activity.

1.4.4. Objects
The road safety problem of young novices is a global problem. Novices tend to have narrower road areas
than experienced drivers, and they are less e�cient at predicting and responding to dangers, especially
when the risks are not apparent [82–86]. Young novices under 25 are more susceptible to disturbances
from environmental and cognitive loads, with males particularly prominent [87]. More speci�cally, Foy
proved that experienced drivers among young drivers (driving more than 10,000 miles) have a higher
ability to manage mental load than novices (driving less than 5000 miles) and that this ability is not
related to age [88]. Studies from the UK and Greece show that tra�c accidents in monotonous road
environments mainly involve drivers aged 20–25 [89, 90]. Therefore, this study conducted a simulated
driving experiment for male novice drivers aged 20–25 years.

1.5. Aims
(1) Investing the correlation between alpha and eye movement, if the correlation is signi�cant, A
combination of Alpha and [(alpha + Theta) / Beta] was used to measure the driver’s arousal level under
the greening unit. Thus, the optimal spatial patterns of landscape and the length of the green unit
corresponding to the optimal awakening level can be found.

(2) The su�cient length of the different landscape is different. The sample entropy representing Alpha’s
complexity is selected as the Discriminating Threshold of the adequate size based on the Receiver
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Operating Characteristic Curve (ROC) Analysis.

2. Methods

2.1. Experimental Platform
The human-machine transportation environment experimental platform of Inner Mongolia Agricultural
University has a French Renault 6-DOF real-car simulation driving experiment system, as shown in Fig. 1.
This system includes hardware and software. The hardware part mainly consists of a BYD’s real car
cockpit, a curved screen subtending 300° horizontally, and three projectors with the frequency of 50 Hz
project the virtual environment on the curved screen the resolution of 3072 × 768 pixels. The software
part is mainly consisting of the SCANeR DT comprehensive driving simulation package. This simulation
package can present the green landscape scene designed before on the curved screen through the APIs
software of the windows system [91].

2.2. Experimental Equipment
MP150 multi-channel physiological recorder (maximum sampling rate 400 kHz, including EEG100C EEG
ampli�er) produced by American BIOPAC is used to obtain EEG data. A computer installed with
Acknowledge 4.1 data analysis software is used to analyze and save EEG data. The MP150 was placed
in the �rst o�cer position; the laptop is placed on a laboratory bench outside the car. The MPl50 system
transmits data to the computer over Ethernet. The MPl50 system provides an Ag-AgCl electrode for the
acquisition of EEG signals. The electroencephalogram (EEG) was connected to the corresponding
electroencephalogram (EEG) via an electrode plate (Agcl as an induction element). Wertheim proved that
alpha activity measured on the brain’s visual centers (occipital–parietal region) is signi�cantly correlated
with the type of eye movement [77]. Cerezuela proved α (8–13 Hz), β (14–30 Hz), θ (4–7 Hz) activity
collected by an occipital–parietal derivation in position O2-P4 (bipolar �tting) (as per electrode �tting in
the 10–20 International System) could re�ect drivers’ vigilance [92]. Therefore this paper selects position
O2-P4 (bipolar �tting) as EEG activity extraction potential. Adjust the sampling frequency to 250 Hz
based on the kurtosis and probability criteria and set the bandpass �lter frequency to 1 Hz (high-pass
�lter) to 30 Hz (low-pass �lter) [93].

Eye movement is closely related to the stimulation of the exterior landscape and internal information
processing mechanism. Eye movement data includes �xation, saccade,blink, and pupil diameter [94]. The
iView HED eye tracker developed by the German company SMI was used to obtain eye movement data.
The iView HED eye tracker consists of eyepieces that track the movement of the driver’s left eye and
objectives that record driving videos and are �xed to the driver’s head by a hat. The other computer’s
monitoring and storage of eye movement data are connected to the eye tracker located on the laboratory
bench.

2.3. Subjects
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In the experiment, the number of subjects will directly affect the reliability of experimental research
results. EEG and eye movement of drivers are typically distributed (sig. > 0.05). The sample size formula
[formula (1)] of the random sampling method can be used to calculate the required sample size [95].
According to the eye movement and EEG measured early by the research group, take alpha power as an
example. The standard deviation is 3.49 × 10− 11,permissible error is 1.75 × 10− 11. As a result, n is 15. The
sample size is 11,12,19,16,18 and 17 by beta, Theta, �xation duration, saccade duration, blink duration,
and pupil diameter. Therefore, 28 male novices (driving less than 5000 miles) between the ages of 20–25
(mean = 22.64, S.D. = 1.82) were selected as experimental subjects. Statement on ethics approval and
consent was set in Declarations.

n-sample size

Z-Z-statistic when the con�dence level is 95%, Z = 1.96

SD-The population standard deviation of each test indicator of driving characteristics

the d-Allowable error of each test index

2.4. Experiment Scene Design

2.4.1. Greening elements
The greening unit is composed of green features. To ensure that the landscape can be used for visual
stimulation in four seasons, two evergreen shrubs are selected as green plants: Sabina procumbens
(Endl.) Iwata et Kusaka and S.chinensis (L.) Ant. (Juniperuschinensis L.).

2.4.2. The location of the greening location
This experiment's secondary road simulation complies with the People’s Republic of China's
speci�cations in 2018. Two-way two-lane motor tra�c, the lane width is 3.5 m, the shoulder width is 1m,
and the greening bandwidth is 5 m [96–97]. The distance between shrubs and road shoulders was
determined as 3 m [98, 99].

2.4.3. Greening unit simulation scene
The experimental scene is designed as four kinds in Table 1 and Fig. 2. The simulation scene was drawn
using CAD 2009, Photoshop 2018, and 3D-MAX software [100]. The connection between the drawing
location and each module of the simulation driving system was completed through SCANeR DT
comprehensive driving simulation package.
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Table 1
Four types of virtual landscapes designed

  Greening unit The shape of greening
element

enclosure
degree/height(m)

Scene1(S1) no no Fully open/no

Scene2(S2) S.chinensis(L.)Ant.
(Juniperuschinensis L.)

linear Closed/1.5

Scene3(S3) S.chinensis(L.)Ant.
(Juniperuschinensis L.)

Triangular Closed/1.5

Scene4(S4) Sabinaprocumbens (Endl.) Iwata
et Kusaka

Triangular Fully open/0.5

2.4.4. Road design
The four scenes have the same parameters except for different greening elements. Thus, the scene's line
style is a 1000 m adaptation section + 14.67 km greening section + 1000 m end section, lasting for 13
min. There is free tra�c �ow.

2.5. Experimental Process
The driver will be informed of the test time in advance. Accident statistics show that between 16:00 and
18:00 within 24 h is the daytime peak associated with reduced vigilance [8]. Every subject is arranged to
arrive at the laboratory at 15:00 to complete the preparation work and start the experiment at 16:00.
Subjects were asked to keep their heads as stable as possible and drive in the prescribed lane and keep
the speed at 80 km/h. The test is divided into standard test and formal test, divided into two days. To
familiarize the participants with the driving simulation system in advance and eliminate the simulated
disease's interference in the experiment, a driving practice of 30 min was set up. Drivers 2 and 23 were
unable to participate in formal experiments due to simulated conditions. The other subjects came back a
day later for the standard test.

In a formal test, the driver was required to complete the experiments of four greening scenes S1, S2, S3,
and S4 with a speed limit of 80 km/h, and the four scenes were randomly played. Thiffault has
demonstrated that continuous driving on monotonous roads for more than 20 min can cause fatigue-like
injuries [2]. To avoid this damage, the driver must relax and rest in the car for 10 min after completing one
scene before starting the next scene's mission.

2.6. Data Preprocessing and Statistical Analysis

2.6.1. Data preprocessing
For every driver, eye movement (saccade duration, �xation duration, blink duration, and pupil diameter)
are calculated every 30s, then the four eye movement indexes of 26 drivers were averaged. For every
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driver, Alpha, beta, and Theta's absolute power are calculated every 30 s. The EEG power of each driver
was normalized by the following formula (formula 2) to obtain the relative power.

P(absolute)-the absolute power value of each waveform per driver

Min-the absolute minimum power of each wave for each driver

The max-the maximum absolute power of each wave for each drive

Then the relative power of the three waves of 26 drivers was averaged. There are two indicators related to
eye movement type and vigilance:

Alpha (frequency band (8–12 Hz)) relative power: Wertheim and Gamma indicate alpha power can
be considered an indicator of controlling type for eye movement. Extra-retinal (internal) controlling
with higher alpha power, Retinal (external) controlling with lower alpha power.

[(alpha + theta) / beta] relative energy parameter: A large number of experiments showed that the
higher the index, the lower the level of vigilance.

2.6.2. The veri�cation of the correlation between alpha
power and eye movement
Due to eye movement complexity, it is impossible to distinguish eye movement type by eye movement
from present studies. The advantage of the hypothesis on ‘highway hypnosis’ is that alpha power can
distinguish between external and internal eye movements to determine drivers' arousal level under the
greening unit. Therefore, verifying the correlation between alpha wave and eye movement is the premise
of this study. IBM SPSS 22.0 was used to analyze the correlation of Alpha relative power, �xation
duration, saccade duration, blink duration, and pupil diameter in each scene. The results are shown in
Table 2. It can be seen that relative alpha power is signi�cantly correlated with average �xation duration
and pupil diameter. The relative alpha power and [(alpha + Theta) / beta] of the four scenarios are plotted
on boxplots 3 and 4. The median value, upper and lower 1 / 4 digit of relative alpha power, all showed S1
was more massive than other greening units, indicating that the proportion of external eye movement in
greening landscape was signi�cantly higher than that in blank control. The mean, median, and upper 1 /
4 digit of [(alpha + Theta) / beta] also showed S1 was more massive than other greening units, indicating
that greening units' vigilance was signi�cantly higher than that of the control group. However, only the
lower 1 / 4 digit of S4 appears higher than S1, so each landscape’s optimal arousal level is de�ned as
relative alpha power and [(alpha + Theta) / beta] less than their lower 1/4 digit.
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Table 2
The correlation of Alpha relative power, �xation duration, saccade duration, blink duration, and pupil

diameter in each scene
  Eye movement

Saccade
duration

Blink
duration

Fixation
duration

Pupil
diameter

Alpha relative
power

S1

Alpha Pearson 0.091 0.459* 0.457* 0.515*

S2

Alpha Pearson -0.499* 0.454* -0.578* 0.560*

S3

Alpha Pearson -0.116 0.161 0.444* -0.544*

S4

Alpha Pearson -0.656** -0.524* 0.729** 0.851*

** signi�cant correlation at the 0.01 level (bilateral)

* signi�cant correlation at the 0.05 level (bilateral)
 

3. Results

3.1. The Greening Length Corresponding to the Optimal
Arousal Degree
The difference between Alpha and its lower 1 / 4 digit in each scene and [(Alpha + Theta) / beta] and its
next 1 / 4 digit in each scenario are calculated separately. Both difference values are less than zero,
indicating that the driver is at the optimal arousal level. In Origin 9.0, the two differences in each scene's
time-varying pattern are obtained, as shown in the Figs. 4a-4d.

The arousal level only exists within the 30 s from the beginning of S2, S3, and S4. The conclusion that S1
is 90 s − 210 s and 570 s − 600 s and does not accumulate in time shows that the optimal arousal level
occurs when the subject just recognizes the short landscape time.

3.2. Determination of the Effective Length of the Greening
Unit
K-means Clustering algorithm was employed to conduct a clustering analysis of relative alpha power
collected from four scenes in the Spyder module under Anaconda3 (64-bit), and the results are shown in



Page 11/27

Fig. 5. The relative Alpha power threshold for eye movement type was 0.3, relative alpha power greater
than 0.3 was internal eye movement, and Alpha relative power less than 0.3 was external eye movement.

The Alpha of S2, S3, and S4 was subtracted by 0.3, respectively, and the result was shown in Fig. 6 (a).
Sample Entropy (SampEn) is an evaluation index that measures a time series’ complexity by estimating
the probability of generating a new pattern in a signal. The greater the likelihood of a new way, the greater
the complexity of the sequence. The smaller the sample entropy’s value, the higher the sequence self-
similarity, and the lower the converse. Based on this, the relative alpha power’s sample entropy is selected
to determine the maximum duration of external eye movement control after the landscape appears.
Sample entropy requires the number of time series N ≥ 3, so the analysis starts from 90 s. The
calculation process is completed in the Spyder module under Anaconda3 (64-bit). The calculation result
is shown in Fig. 6 (b).

Alpha relative power re�ects the type of eye movement, and sample entropy demonstrates the complexity
of eye movement type changes. S2 and S1 showed a small sample entropy before 360 s. It indicates that
the complex level of alternate control of internal and external eye movement types is different from S1 to
S2 only appears before 90 s in S2. Also, S2 showed external eye movement control in the 30 s and 60 s,
so the effect stimulation duration of S2 was 60 s. The sample entropy of S3 and S4 is signi�cantly higher
than that of S1, indicating that the complexity of the alternations of drivers’ internal and external eye
movement types in these two landscapes is much higher than that of S1. The intensity of S3’s internal
and external eye movement alternations decreases gradually over time S3, continuous internal eye
movement control appeared after 150 s, so S3 has an effective stimulus duration of 150 s. The sample
entropy of S4 is generally higher than the other four landscapes. It indicates that the intensity of internal
and external eye movement control alternations is the highest under S4. However, there was a mutation at
120 s, meaning that the driver still maintains the external eye movement control of the previous 90 s. Only
330 s showed internal eye movement control, at which time the sample entropy showed a signi�cant
increase. This indicates that the intensity of the alternations of the driver’s internal and external eye
movement control increases, external eye movement control increased signi�cantly to resist internal eye
movement control. Therefore, the effective length of the S4 is 600 s.

ROC (receiver operating characteristic curve) is used to determine the sample entropy threshold of the
Alpha. This process is completed in SPSS 20.0. The ROC curve area's AUC value is 0.92, which indicates
that the judgment has higher accuracy. The ROC curve is shown in Fig. 7. According to the Jordan index,
the optimal threshold of alpha sample entropy is 0.234. At this time, 90.9% of valid greening unit lengths
are correctly judged, and only 16% of invalid greening unit lengths are misjudged as the right landscapes.

4. Discussion
This study’s results consistently support the central hypothesis: the greening unit can play the role of
arousal task within its threshold. What was also prominent in the works was: (1) �xation duration and
pupil diameter are signi�cantly correlated with relative alpha power, Alpha can be used as a standard to
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distinguish between internal and external eye movement; (2)Landscape(Fully open and triangular shape)
provides superior arousal effect;(3) the optimal arousal threshold for the greening unit is 666 m; (4) the
effective length of the different greening unit is extra, the alpha sample entropy of less than 0.234 can be
identi�ed as the threshold of effect greening length.

According to Wertheim, the stimulus movement’s high predictability produces a rising dependence on the
oculomotor control of extra-retinal feedback. Consequently, the intensive oculomotor activity's greater
predominance is that the retinal information is not su�ciently used as feedback on the performance.
Thus, driving is undertaken based on information derived from very few external visual signals. Besides,
alpha activity is higher for external eye movement control and lower for internal eye movement control
[77].This paper discovers that relative Alpha power extracted from position O2-P4 is associated with eye
movement Signi�cantly. This result veri�es Wertheim’s hypothesis on “highway hypnosis”. However, in
the correlation analysis (Table 1), Alpha is correlated with �xation duration, but the positive and negative
correlation is not uniform. Sirevaag et al. indicate that visual stimulation increases the �xation duration
[47–50], which means that relative alpha power is negatively correlated with �xation duration. This
contradiction can be explained as follows: there are two ways in which �xation re�ects drivers cognize of
the landscape - When the driver is stimulated by the green unit, the driver can track the green elements
through �xation to increase the �xation duration. The oculomotor system's main feedback signal comes
from the greening unit's retinal information so that external eye movements dominate. Alpha is negatively
correlated with �xation duration; When the greening unit stimulates the driver, the driver can process the
landscape information through �xation behavior to increase the �xation duration,extra-retinal signals
would probably collect the information coming from the mental representations and internal motor
process, internal eye movement dominates, Alpha is positively correlated with �xation duration. Similarly,
blink duration, saccade duration, and pupil diameter also show different correlations with Alpha.
Therefore, it is impossible to judge the driver’s eye movement type by using eye movement alone. Alpha
should be selected to distinguish eye movement types, which is the innovation of this article. Figure 3
indicates the greening landscape as an arousal task shows more obvious external eye movement
dominance than the on-greening landscape and shows higher arousal levels than the on-greening
landscape. The hypothesis on “highway hypnosis” can be explained in another way. Due to the
landscape's tracking or information processing by drivers’ eye movement in the same highly predictable
road environment, the three greening units' experimental group still shows more external eye movement
control and higher alertness than the control group without landscape. Therefore, the eye movement
mechanism of the hypothesis on “highway hypnosis” is supplemented from the perspective of short time:
Within 10 minutes of the simulated environment, the addition of a green landscape can increase external
eye movement control and driver vigilance, although the green landscape is set up in a highly predictable
manner. It is in accord with a conclusion Alertness maintaining tasks (AMTs), and interactive cognitive
task (ICT) can increase driver vigilance developed by Oron-Gilad and Gershon [13, 21]. It supports the
hypothesis that the greening unit is an arousal task. The scenery proposed by Jia indicates that the
landscape should stay in the driver’s �eld of vision for at least 5 s so that the driver can see it clearly
[101]. Wang proposes that to prevent the vigilance drop caused by a monotonous landscape, the length
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of a single landscape should not exceed 5000 m at the speed of 80 km/h [102]. In this paper, the three
greening unit's effect lengths are 1333 m, 3333 m, and 13,333 m, respectively, partly support Wang’s
conclusion. However, Fig. 3d shows that when driving under the landscape of Sabina procumbens (Endl.)
Iwata et Kusaka, the drivers’ vigilance does not signi�cantly decrease after 5000 m, indicating that the
length is insu�cient to judge the effect threshold of greening units. This paper proposes the alpha
sample entropy threshold of 0.234, which can judge different landscape types’ effect length, avoiding
generalization. Oron-Gilad and Gershon indicate alertness maintaining tasks (AMTs) and interactive
cognitive tasks (ICT) have an immediate but localized in�uence on arousal [13, 21]. This view is
supported by the optimal time threshold and the effect alpha sample entropy threshold. Therefore, the
following suggestions are put forward for the formulation of the grassland highway greening standard: If
the cost limit is considered, the greening length is set to 1333 m. When there is no cost limit, the lengths
of different greening units are determined according to the sample entropy threshold alpha higher than
0.234. In this paper, the thresholds of the greening unit were obtained under the simulated environment
with free tra�c �ow and young male novice subjects. Under the actual situation, each prairie highway
has its unique tra�c �ow and owner situation, so it is necessary to study the greening threshold
according to the tra�c �ow and owner situation of different prairie highway.

5. Conclusions
Greening unit can serve as an arousal task to withstand the monotony.EEG and eye movement from
landscape’s effect on drivers testify the con�rmation.Different spatial patterns of landscapes have
different arousal effect on drivers.There are optimal wake length and effective wake length for greening
units:

(1)The optimal arousal length for different spatial patterns of greening units is 666m;

(2)The effective arousal lengths for different spatial patterns of greening units are different.The effective
length of close and linear landscape is 1333 m, the effective length of close and triangular landscape is
3333 m, the effective length of fully open and triangular landscape is 13,333 m.Therefore fully open and
triangular landscape has the best arousal for drivers.

(3)In order to provide the judgment threshold of effective length for the greening units of different spatial
patterns in the future,alpha Sample Entropy combined with ROC curve can be used.The alpha sample
entropy of less than 0.234 can be identi�ed as the threshold of effect greening length

This study provide a reference to resist the bad effects of monotony on drivers through landscape
intervention.Fully open and triangular greening units should be controlled in 13333m.Thus the driver has
a high level of alertness,retinal (external) controlling is the main component it is easy to deal with
unpredictable events and ensure tra�c safety.

Declarations



Page 14/27

Availability of data and materials

The datasets used and/or analysed during the current study are available from the corresponding author
on reasonable request.

Con�icts of interest

We declare that we have no con�icts of interest.

Funding

This work was supported by “the Natural Science Foundation of China (No. 51768057)”.

Author Contributions

Y.L.Z. analyzed the data and wrote the manuscript. Y.L.Z. and S.L.Z. performed the experiments,
participated in data analysis, S.L.Z. conceived and designed the whole project and funding support. All
authors read and approved the �nal manuscript.

Statements

We con�rm that all methods were carried out in accordance with the provisions of the Chinese Academy
of Sciences on human-machine engineering experiments and strictly abide by the relevant provisions of
the Chinese Tra�c Law. All experimental protocols were approved by Inner Mongolia Agricultural
University committee. We con�rm that informed consent was obtained from all subjects.

Acknowledgements

The authors would like to thank their participants for their involvement in the experiments. Te experiments
were carried out at the Tra�c Environment Simulation Laboratory at the Inner Mongolia Agricultural
University.

Authors' information

S.L.Z. , Doctor of Engineering, Professor. Graduated from the Beijing Forestry University in 2004, majoring
in mechanical design and machine theory (man-machine environment engineering) .Worked in Inner
Mongolia Agricultural University.His research interests include Highway tra�c man-machine environment
system engineering.

Y.L.Z., Doctor of Engineering, studying in Inner Mongolia Agricultural University. Her research interests
include Highway tra�c man-machine environment system engineering.

References



Page 15/27

1. J. O’Hanlon, Comparison of Performance and Physiological Changes Between Drivers who Perform
Well and Poorly During Prolonged Vehicular Operation, vol. 53, no. 9. 1977.

2. P. Thiffault and J. Bergeron, “Monotony of road environment and driver fatigue: A simulator study,”
Accid. Anal. Prev., vol. 35, no. 3, pp. 381–391, 2003, doi: 10.1016/S0001-4575(02)00014-3.

3. P. Thiffault and J. Bergeron, “Fatigue and individual differences in monotonous simulated driving,”
Pers. Individ. Dif., vol. 34, no. 1, pp. 159–176, 2003, doi: 10.1016/s0191-8869(02)00119-8.

4. B. Farahmand and A. M. Boroujerdian, “Effect of road geometry on driver fatigue in monotonous
environments: A simulator study,” Transp. Res. Part F Tra�c Psychol. Behav., vol. 58, pp. 640–651,
2018, doi: 10.1016/j.trf.2018.06.021.

5. G. S. Larue, A. Rakotonirainy, and A. N. Pettitt, “Driving performance impairments due to
hypovigilance on monotonous roads,” Accid. Anal. Prev., vol. 43, no. 6, pp. 2037–2046, 2011, doi:
10.1016/j.aap.2011.05.023.

�. W. N. McBain, “Arousal, monotony, and accidents in line driving,” J. Appl. Psychol., vol. 54, no. 6, pp.
509–519, 1970, doi: 10.1037/h0030144.

7. M. Loeb, D. R. Davies, and R. Parasuraman, “The Psychology of Vigilance,” Am. J. Psychol., vol. 97,
no. 3, p. 466, 1984, doi: 10.2307/1422535.

�. Ronald R. Knipling, “Crashes and Fatalities Related to Driver Drowsiness/Fatigue,” Educ. Rev., vol. 16,
no. 3, pp. 227–230, 1994, doi: 10.1080/0013191640160307.

9. R. R. Knipling and W. W. Wierwille, “Vehicle-Based Drowsy Driver Detection : Current Status and Future
Prospects,” Proc. 1994 Annu. Meet. Ivhs Am., pp. 245–256, 1994, [Online]. Available:
http://www.itsdocs.fhwa.dot.gov/JPODOCS/REPTS_TE/7068.pdf.

10. R. R. Wierwille, Walter W Wreggit, Stephen S Knipling, “Development of improved algorithms for on-
line detection of driver drowsiness,” 1994.

11. J. Stannard Baker, “Single-Vehicle Accidents on Route 66 Author(s):,” J. Crim. Law. Criminol. Police
Sci., vol. 5, no. 1, p. 111, 1967, doi: 10.1227/00006123-197907010-00045.

12. S. L. Zhu, C. H. Qi, M. X. Gao, and F. Yang, “Research on the effect of grassland highway curves on
driver’s HRV,” Adv. Mater. Res., vol. 779, pp. 584–591, 2013, doi:
10.4028/www.scienti�c.net/AMR.779-780.584.

13. T. Oron-Gilad, A. Ronen, and D. Shinar, “Alertness maintaining tasks (AMTs) while driving,” Accid.
Anal. Prev., vol. 40, no. 3, pp. 851–860, 2008, doi: 10.1016/j.aap.2007.09.026.

14. W. B. Verwey and D. M. Zaidel, “Preventing drowsiness accidents by an alertness maintenance
device,” Accid. Anal. Prev., vol. 31, no. 3, pp. 199–211, 1999, doi: 10.1016/S0001-4575(98)00062-1.

15. Tal Oron-Gilad, “Alertness maintaining in driving,” https://www.researchgate.net/project/Alertness-
maintaining-in-driving. .

1�. P. A. Hancock and J. S. Warm, “A dynamic model of stress and sustained attention.,” Hum. Perf.
Extrem. Environ., vol. 7, no. 1, pp. 15–28, 2003, doi: 10.1177/001872088903100503.



Page 16/27

17. E. L. Wiener, R. E. Curry, and M. L. Faustina, “Vigilance and task load: in search of the inverted U,”
Hum. Factors, vol. 26, no. 2, pp. 215–222, 1984, doi: 10.1177/001872088402600208.

1�. E. Salas J. E. Driskell S. Huges, “Introduction: The Study of Stress and Human Performance,” in
Stress and Human Performance, New Jersey: LEA Publishers, 1996, pp. 1–45.

19. Scerbo, “What’s so boring about vigilance,” in Viewing psychology as a whole: The inte_grative
science of William N.Dember, Washington DC: American Psychological Association, 1998, pp. 145–
166.

20. John M. Reid, “Dysfunctional driving behaviours: a cognitive approach to road safety research,” in
Fatigue and Driving, 2019.

21. P. Gershon, A. Ronen, T. Oron-Gilad, and D. Shinar, “The effects of an interactive cognitive task (ICT)
in suppressing fatigue symptoms in driving,” Transp. Res. Part F Tra�c Psychol. Behav., vol. 12, no.
1, pp. 21–28, 2009, doi: 10.1016/j.trf.2008.06.004.

22. R. Berto, “Exposure to restorative environments helps restore attentional capacity,” J. Environ.
Psychol., vol. 25, no. 3, pp. 249–259, 2005, doi: 10.1016/j.jenvp.2005.07.001.

23. M. Cassarino, M. Maisto, Y. Esposito, D. Guerrero, J. S. Chan, and A. Setti, “Testing attention
restoration in a virtual reality driving simulator,” Front. Psychol., vol. 10, no. FEB, pp. 1–7, 2019, doi:
10.3389/fpsyg.2019.00250.

24. M. Jiang, A. Hassan, Q. Chen, and Y. Liu, “Effects of different landscape visual stimuli on
psychophysiological responses in Chinese students,” Indoor Built Environ., vol. 0, no. 0, pp. 1–11,
2019, doi: 10.1177/1420326X19870578.

25. K. L. Wolf, “Freeway roadside management: The urban forest beyond the white line,” J. Arboric., vol.
29, no. 3, pp. 127–136, 2003.

2�. Jane F. Mackworth, “Vigilance and habituation: A neuropsychological approach,” Am. J. Physiol.,
1994, doi: 10.1111/j.1748-1716.1977.tb10405.x.

27. Kerr, “Driving without attention mode (DWAM): A formalisation of inattentive states while driving,” in
Vision in vehicles III, 1991, pp. 473–479.

2�. Michael Loeb,, “The Psychology of Vigilance,” AJN, Am. J. Nurs., vol. 34, no. 5, p. 500, 1982, doi:
10.1097/00000446-193405000-00039.

29. D. de Waard, “The measurement of drivers’ mental workload,” 1996.

30. L. Brookhuis, K.A De Waard, D Hartley, “Driver impairment monitoring by physiological measures,”
1995.

31. David Dinges, “An overview of sleepiness and accidents,” J. Sleep Res., vol. 4, no. 2, pp. 4–14, 1995,
doi: 10.1111/j.1365-2869.1995.tb00220.x.

32. D. L. Fisher, M. Rizzo, J. K. Caird, and J. D. Lee H A N D B O O K O F, Driving Simul Ation for
Engineering, Medicine, and Psychology Edited By. 2011.

33. P. Huang and F. K. Winston, Handbook of Tra�c Psychology. 2011.



Page 17/27

34. T. M. Nelson, “Fatigue, mindset and ecology in the hazard dominant environment,” Accid. Anal. Prev.,
vol. 29, no. 4 SPEC. ISS., pp. 409–415, 1997, doi: 10.1016/s0001-4575(97)00020-1.

35. K. H. Pribram and D. McGuinness, “Arousal, activation, and effort in the control of attention,” Psychol.
Rev., vol. 82, no. 2, pp. 116–149, 1975, doi: 10.1037/h0076780.

3�. T. Oron-Gilad, A. Ronen, and D. Shinar, “Alertness maintaining tasks (AMTs) while driving,” 2002, doi:
10.1016/j.aap.2007.09.026.

37. P. J. Kenny, “The interaction between driver impairment and road design in the causation of road
crashes – three case studies,” Fatigue and Driving. pp. 87–94, 2019, doi: 10.1201/9780203756140-
10.

3�. S. K. L. Lal and A. Craig, “Reproducibility of the spectral components of the electroencephalogram
during driver fatigue,” Int. J. Psychophysiol., vol. 55, no. 2, pp. 137–143, 2005, doi:
10.1016/j.ijpsycho.2004.07.001.

39. V. E. Pollock, L. S. Schneider, and S. A. Lyness, “EEG amplitudes in healthy, late-middle-aged and
elderly adults: normality of the distributions and correlations with age,” Electroencephalogr. Clin.
Neurophysiol., vol. 75, no. 4, pp. 276–288, 1990, doi: 10.1016/0013-4694(90)90106-T.

40. Andrew J Tomarken, “Psychometric Properties of Resting Anterior EEG Asymmetry: Temporal
Stability and Internal Consistency,” Psychophysiology, 1992.

41. H. J. Eoh, M. K. Chung, and S. H. Kim, “Electroencephalographic study of drowsiness in simulated
driving with sleep deprivation,” Int. J. Ind. Ergon., vol. 35, no. 4, pp. 307–320, 2005, doi:
10.1016/j.ergon.2004.09.006.

42. T. STEELE, T. CUTMORE, D. A. JAMES, and A. RAKOTONIRAINY, “An investigation into peripheral
physiological markers that predict monotony,” in Road Safety Research, Policing and Education
Conference, 2004, Perth, Western Australia, Australia, 2004, pp. 1–10, [Online]. Available:
http://trid.trb.org/view.aspx?id=771121.

43. Thorevskij V, “Psychophysiological aspects of monotonous.” 1983.

44. S. K. L. Lal, A. Craig, P. Boord, L. Kirkup, and H. Nguyen, “Development of an algorithm for an EEG-
based driver fatigue countermeasure,” J. Safety Res., vol. 34, no. 3, pp. 321–328, 2003, doi:
10.1016/S0022-4375(03)00027-6.

45. C. H. Bastien, C. Ladouceur, and K. B. Campbell, “EEG characteristics prior to and following the
evoked K-Complex,” Can. J. Exp. Psychol., vol. 54, no. 4, pp. 255–265, 2000, doi: 10.1037/h0087345.

4�. Xia Pinping, “Research on road’s environmental impact of high-speed hypnosis based on EEG
samole entropy,” 2017.

47. J. A. Stern, L. C. Walrath, and R. Goldstein, “The Endogenous Eyeblink,” Psychophysiology, vol. 21,
no. 1, pp. 22–33, 1984, doi: 10.1111/j.1469-8986.1984.tb02312.x.

4�. E. J. Sirevaag, J. W. Rohrbaugh, J. A. Stern, A. B. Vedeniapin, K. D. Packingham, and C. M.
LaJonchere, “Multi-dimensional characterizations of operator state: A validation of oculomotor
metrics.,” FAA O�ce of Aviation Medicine Reports, vol. DOT-FAA-AM. pp. 1–29, 1999, [Online].



Page 18/27

Available: http://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=2000-13230-
001&site=ehost-live.

49. Robert A Lavine, “Eye-tracking measures and human performance in a vigilance task,” Aviat. Sp.
Environ. Med., vol. 73, no. 4, pp. 367–372, 2002.

50. S. Saito, “Does fatigue exist in a quantitative measurement of eye movements?,” Ergonomics, vol. 35,
no. 5–6, pp. 607–615, 1992, doi: 10.1080/00140139208967840.

51. J. M. Findlay and R. Walker, “A model of saccade generation based on parallel processing and
competitive inhibition,” Behav. Brain Sci., vol. 22, no. 4, pp. 661–674, 1999, doi:
10.1017/S0140525X99002150.

52. S. K. L. Lal and A. Craig, “A critical review of the psychophysiology of driver fatigue,” Biol. Psychol.,
vol. 55, no. 3, pp. 173–194, 2001, doi: 10.1016/S0301-0511(00)00085-5.

53. T. W. Victor, J. L. Harbluk, and J. A. Engström, “Sensitivity of eye-movement measures to in-vehicle
task di�culty,” Transp. Res. Part F Tra�c Psychol. Behav., vol. 8, no. 2 SPEC. ISS., pp. 167–190,
2005, doi: 10.1016/j.trf.2005.04.014.

54. K. Kaneko, “Spontaneous blinks as a criterion of visual fatigue during prolonged work on visual
display terminals,” Percept. Mot. Skills, vol. 92, no. 1, pp. 234–250, 2001.

55. Y. Tanaka, “Arousal level and blink activity,” Japanese J. Psychol., vol. 70, no. 1, pp. 1–8, 1999, doi:
10.1017/CBO9781107415324.004.

5�. D. de Waard and V. Studiecentrum, The Measurement of Drivers ’ Mental Workload, vol. 39, no. 4.
1996.

57. T. Åkerstedt, B. Peters, A. Anund, and G. Kecklund, “Impaired alertness and performance driving home
from the night shift: A driving simulator study,” Journal of Sleep Research, vol. 14, no. 1. pp. 17–20,
2005, doi: 10.1111/j.1365-2869.2004.00437.x.

5�. S. K. L. Lal and A. Craig, “Driver fatigue: electroencephalography and psychological assessment.,”
Psychophysiology, vol. 39, no. 3, pp. 313–21, 2002, doi: 10.1017.S0048577201393095.

59. E. Bekiaris, A. Amditis, and K. Wevers, “Advanced Driver Monitoring - the AWAKE project -,” 8th World
Congr. ITS, pp. 1–9, 2001, [Online]. Available: http://i-
sense.iccs.gr/assets/docs/AdvancedDrivermonitoring.pdf.

�0. M. Ingre, T. Åkerstedt, B. Peters, A. Anund, and G. Kecklund, “Subjective sleepiness, simulated driving
performance and blink duration: Examining individual differences,” J. Sleep Res., vol. 15, no. 1, pp.
47–53, 2006, doi: 10.1111/j.1365-2869.2006.00504.x.

�1. M. Ingre, T. Åkerstedt, B. Peters, A. Anund, G. Kecklund, and A. Pickles, “Subjective sleepiness and
accident risk avoiding the ecological fallacy,” J. Sleep Res., vol. 15, no. 2, pp. 142–148, 2006, doi:
10.1111/j.1365-2869.2006.00517.x.

�2. C. Papadelis et al., “Monitoring sleepiness with on-board electrophysiological recordings for
preventing sleep-deprived tra�c accidents,” Clin. Neurophysiol., vol. 118, no. 9, pp. 1906–1922, 2007,
doi: 10.1016/j.clinph.2007.04.031.



Page 19/27

�3. K. F. Van Orden, T. P. Jung, and S. Makeig, “Combined eye activity measures accurately estimate
changes in sustained visual task performance,” Biol. Psychol., vol. 52, no. 3, pp. 221–240, 2000, doi:
10.1016/S0301-0511(99)00043-5.

�4. G. W. Williams, “Highway Hypnosis: An Hypothesis,” Int. J. Clin. Exp. Hypn., vol. 11, no. 3, pp. 143–
151, 1963, doi: 10.1080/00207146308409239.

�5. A. H. WERTHEIM, “HIGHWAY HYPNOSIS A THEORETICAL ANALYSIS,” in VISION IN VEHICLES - III,
Gale and et al. (Eds. . A.D., Eds. North-Holland: Elsevier, 1991, pp. 467–472.

��. I. D. Brown, “Driver fatigue,” Hum. Factors J. Hum. Factors Ergon. Soc., vol. 36, no. 2, pp. 287–297,
1994, doi: 10.1016/B978-0-12-381984-0.10021-9.

�7. A. Fujishima and K. Honda, “© 1972 Nature Publishing Group,” Nat. new Biol., vol. 238, pp. 37–38,
1972, doi: 10.1038/239137a0.

��. B. J. Murphy, E. Kowler, and R. M. Steinman, “Slow oculomotor control in the presence of moving
backgrounds,” Vision Res., vol. 15, no. 11, pp. 1263–1268, 1975, doi: 10.1016/0042-6989(75)90172-
8.

�9. M. J. Steinbach, “Pursuing the perceptual rather than the retinal stimulus,” Vision Res., vol. 16, no. 12,
pp. 1361–1376, 1976, doi: DOI: 10.1016/0042-6989(76)90154-1.

70. Edward L. Keller, “The Role of the Brain Stem Reticular Formation in Eye Movement Control,” in Eye
Movements, 1976, pp. 105–126.

71. A. H. Wertheim, “Oculomotor control and occipital alpha activity: A review and a hypothesis,” Acta
Psychol. (Amst)., vol. 38, no. 3, pp. 235–256, 1974, doi: 10.1016/0001-6918(74)90036-5.

72. A. H. Wertheim, “Occipital Alpha Activity as a Measure of Retinal Involvement in Oculomotor Control,”
Psychophysiology, vol. 18, no. 4, pp. 432–439, 1981, doi: DOI: 10.1111/j.1469-8986.1981.tb02476.x.

73. P. Company, T. Netherlunds, and A. H. Wertheim, “On the relativity a.h. wertheim,” Acta Psychol.
(Amst)., vol. 48, 1981.

74. H. C. Tien, “Neurological Control Systems—Studies in Bioengineering,” Am. J. Psychother., vol. 24, no.
3, pp. 517–518, 1970, doi: 10.1176/appi.psychotherapy.1970.24.3.517.

75. Y. Y. Zeevi, E. Peli, and L. Stark, “Study of Eccentric Fixation With Secondary Visual Feedback.,” J.
Opt. Soc. Am., vol. 69, no. 5, pp. 669–675, 1979, doi: 10.1364/JOSA.69.000669.

7�. Carpenter, “Movements of the Eyes,” J. ofNeurology, Neurosurgery, Psychiatry, vol. 41, pp. 769–772,
1978, doi: 10.1007/978-1-4684-2424-9_7.

77. A. H. Wertheim, “Explaining highway hypnosis: Experimental evidence for the role of eye
movements,” Accid. Anal. Prev., vol. 10, no. 2, pp. 111–129, 1978, doi: 10.1016/0001-4575(78)90019-
2.

7�. W. J. Ray, “The electrocortical system.,” in Principles of psychophysiology: Physical, social, and
inferential elements, 1990, pp. 385–412.

79. Bender, “The oculomotor system and the alpha rhythm,” in Attention in Neurophysiology, London:
Butterworth, 1969, pp. 304–309.



Page 20/27

�0. T. B. MulhollandC R Evans, “An Unexpected Artefact in the Human Electroencephalogram Concerning
the Alpha Rhythm and the Orientation of the Eyes,” Nature, vol. 207, no. 992, pp. 36–37, 1965.

�1. T. B. Mulholland and E. Peper, “Occipital Alpha and Accommodative Vergence, Pursuit Tracking, and
Fast Eye Movements,” Psychophysiology, vol. 8, no. 5, pp. 556–575, 1971, doi: 10.1111/j.1469-
8986.1971.tb00491.x.

�2. W. Kumfer, “Development of a supplementary driver education tool for teenage drivers on rural
roads,” Saf. Sci., 2017.

�3. M. Cassarino and G. Murphy, “Reducing young drivers’ crash risk: Are we there yet? An ecological
systems-based review of the last decade of research,” Transp. Res. Part F Tra�c Psychol. Behav., vol.
56, pp. 54–73, 2018, doi: 10.1016/j.trf.2018.04.003.

�4. C. F. Alberti, A. Shahar, and D. Crundall, “Are experienced drivers more likely than novice drivers to
bene�t from driving simulations with a wide �eld of view?,” Transp. Res. Part F Tra�c Psychol.
Behav., vol. 27, no. PA, pp. 124–132, 2014, doi: 10.1016/j.trf.2014.09.011.

�5. A. Borowsky and T. Oron-Gilad, “Exploring the effects of driving experience on hazard awareness and
risk perception via real-time hazard identi�cation, hazard classi�cation, and rating tasks,” Accid.
Anal. Prev., vol. 59, pp. 548–565, 2013, doi: 10.1016/j.aap.2013.07.008.

��. D. Crundall et al., “Some hazards are more attractive than others: Drivers of varying experience
respond differently to different types of hazard,” Accid. Anal. Prev., vol. 45, pp. 600–609, 2012, doi:
10.1016/j.aap.2011.09.049.

�7. P. Huang and F. K. Winston, “Young drivers,” in Handbook of Tra�c Psychology, Bryan E. Porter, Ed.
Elsevier, 2011, pp. 315–338.

��. H. J. Foy, P. Runham, and P. Chapman, “Prefrontal cortex activation and young driver behaviour: A
fNIRS study,” PLoS One, vol. 11, no. 5, pp. 1–18, 2016, doi: 10.1371/journal.pone.0156512.

�9. G. Yannis, A. Laiou, P. Papantoniou, and C. Christoforou, “Impact of texting on young drivers’
behavior and safety on urban and rural roads through a simulation experiment,” J. Safety Res., vol.
49, no. February, pp. 25.e1-31, 2014, doi: 10.1016/j.jsr.2014.02.008.

90. Kate Lachowycz, A Heavy Toll Road Tra�c Collisions in the South West. South West Public Health
Observatory, 2007.

91. A. Heidet, O. Warusfel, G. Vandernoot, B. Saint-Loubry, and A. Kemeny, “A cost effective architecture
for realistic sound rendering in the SCANeR II driving simulator,” Simulation, vol. 2001, pp. 1–20,
2001.

92. G. P. Cerezuela, P. Tejero, M. Chóliz, M. Chisvert, and M. J. Monteagudo, “Wertheim’s hypothesis on
‘highway hypnosis’: Empirical evidence from a study on motorway and conventional road driving,”
Accid. Anal. Prev., vol. 36, no. 6, pp. 1045–1054, 2004, doi: 10.1016/j.aap.2004.02.002.

93. E. Wascher, S. Arnau, I. Gutberlet, M. Karthaus, and S. Getzmann, “Evaluating Pro- and Re-Active
Driving Behavior by Means of the EEG,” Front. Hum. Neurosci., 2018, doi:
10.3389/fnhum.2018.00205.

94. R. A. Rensink, “Change Detection_2002.pdf,” Annu. Rev. Psychol., 2002.



Page 21/27

95. F. Shiyong, Theory and method of sampling survey. Peking: China Statistical Press, 2012.

9�. the State Council, “Notice on further Promoting the construction of green Passages nationwide,”
2000.

97. “Technical requirements for road red line calibration,” 2018.

9�. A. A. of S. H. and T. O�cials, A Policy on Geometric Design of Highways and Streets November.
2011.

99. Standing Committee of the National People’s Congress, Road Law of the People’s Republic of China
(Amended in 2017). 2017.

100. Tao Panpan, “Landscape color tunnel portal based on driver heart rate,” J. PLA Univ. Sci. Technol. Sci.
Ed., vol. 16, no. 5, pp. 471–475, 2015.

101. J. Zhiyong, ““555"Principle and Its AppIications in Highway Landscape Design,” HIGHWAY, vol. 10,
2007.

102. WANG Jianjun, “Highway Roadside Landscaping Based on Driver’s Visual and Psychological
Characteristics,” URBAN Transp. CHINA, vol. 4, no. 5, pp. 73–77, 2006.

Figures



Page 22/27

Figure 1

BYD car cockpit display



Page 23/27

Figure 2

Four types of virtual landscapes designed using 3D-MAX

Figure 3

(a) Alpha relative power of the 4 scenarios, (b) The relative energy parameter [(alpha + theta) / beta] of 4
scenes
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Figure 4

(a) Alertness and alpha power change with time of S1, (b) Alertness and alpha power change with time of
Scene 2, (c) Alertness and alpha power change with time of S3, (d) Alertness and alpha power change
with time of S4 (Test frequency: 30 s)
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Figure 5

The result of k-means Classi�cation on Alpha
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Figure 6

The maximum duration of external eye movement control after the landscape appears (a) the type of eye
movement on time of 3 greening units (b) the change law of alpha SampEn over time (Sample frequency:
30 s)
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Figure 7

ROC of alpha sample entropy


