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Abstract

:

The current study investigates the effects of speed and time headway of human-machine co-driving vehicles on pedestrian crossing speed at uncontrolled mid-block road sections. A VR-based simulation study is conducted to study pedestrian crossing behaviour when facing human-machine co-driving vehicles. A total of 30 college students are recruited, and each participant is required to complete 5 street-crossing simulator trials facing human-machine co-driving vehicles with varying time headway levels and speeds. The correlations and differences between demographic information, time headway, vehicle speed, and pedestrian crossing speed are analyzed. The results show that gender and pedestrian’s trust in human-machine co-driving vehicles are significantly correlated with pedestrian crossing speed. The pedestrian crossing speed increases with the increase in vehicle speed and decreases with the increase in vehicle time headway. In addition, the time headway has a stronger correlation with the pedestrian crossing speed than the vehicle speed. The findings will provide theoretical and methodological support for the formulation of pedestrian crossing control measures in the stage of human-machine co-driving.
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1. Introduction


With the change in urban development concepts and the advancement of the green city process, residents have an increasing demand for walking. Pedestrians and motor vehicles are increasingly competing for the right of way on the roads with limited space and time resources, which leads to more road traffic accidents involving pedestrians. Globally, more than half of the 1.35 million people who died in road traffic crashes in 2016 were vulnerable road users, and approximately 23 percent of them were pedestrians [1]. The safety situation for pedestrians is even more serious in low- and middle-income countries. Although the total number of traffic accident deaths in China has decreased year by year, the number of pedestrian casualties caused by traffic accidents each year is still large [2]. The study of pedestrian traffic behavior has also become a crucial part of the field of pedestrian traffic system theory. Studies have shown that pedestrians are more susceptible to vehicle traffic when crossing the street, and collisions with motor vehicles are the most important cause of pedestrian casualties [3,4,5]. Among the characteristic variables of pedestrian crossing behavior, pedestrian crossing speed plays an important role in the design of pedestrian traffic facilities, traffic management, and control.



As the potential focus of future vehicles, the autonomous vehicle is generally regarded as one of the effective means to improve the reliability of road traffic, ensuring travel safety and reduce environmental pollution. However, with the development of autonomous vehicle technology, road traffic accidents involving autonomous vehicles have also increased. The popularity of autonomous vehicles will also lead to changes in the traffic behavior of other road traffic participants. Playing an important role in different development stages of the transportation systems, pedestrian safety in the autonomous driving environments is attracting more and more attention. On 18 March 2018, a woman in Arizona, USA, was injured by an Uber autonomous vehicle while crossing the street, which was the first autonomous vehicle accident involving pedestrians in the world. In addition, before reaching the degree of full automation of the vehicle, it is necessary to go through a long transition stage, that is, the ‘human-machine co-driving’ stage of L2/L3 according to the classification standard of SAE. At this stage, the autonomous vehicles are jointly controlled by drivers and automation systems, and the drivers are transitioning from operators to supervisors. Although drivers are no longer required to perform driving operations, they still need to monitor the road environment, driving situation, the status of the driving automation system and respond to the takeover request (TOR) of the driving automation system in time. At present, changes in the traffic environment, pedestrians’ inability to quickly and accurately determine the interaction of coming vehicles, and large differences in pedestrians’ trust in autonomous vehicles may lead to significant differences in the crossing speed of pedestrians. The effects of various factors on the speed of pedestrians crossing the street when facing human-machine co-driving vehicles are not yet clear. Therefore, it is undoubtedly of great theoretical and practical significance to carry out the research on pedestrian crossing speed when facing human-machine co-driving vehicles.



The literature review on pedestrian crossing speed is provided as follows.




2. Literature Review


As an important parameter in pedestrian traffic safety analysis, pedestrian crossing speed provides important information for road crossing facility layout and signal design. As early as the 1970s, Fruin [6] conducted a detailed study of the spatial characteristics of the pedestrian traffic flow field, behavioral characteristics, and pedestrian movement patterns, and found that men walked faster than women. Chandra and Bharti [7] also obtained a similar conclusion that pedestrian crossing speed at crosswalks followed a normal distribution. Moreover, they found the crossing speed of male pedestrians is higher than that of female pedestrians, and pedestrian crossing speed was higher in two-lane single-lane sections. Wilson and Grayson [8] found that the average walking speed was 1.32 m/s for men and 1.27 m/s for women.



The age of pedestrians also has a significant impact on the crossing speed. With the increase in age, the cognitive abilities of pedestrians, including visual perception, hearing sense, and reaction speed as well as their physical health will gradually decline, which affects their crossing judgment and execution [9,10,11]. Zhang and Xi [12] found that the crossing speed of the elderly at the signalized intersections is about 1.08 m/s. With the increase in the proportion of the elderly in the crossing crowd, the crossing speed gradually decreased. Thus the design speed of pedestrian crossing was recommended to be 0.86 m/s when there were more than 41% of pedestrians are elderly people. Gates et al. [13] found that pedestrians older than 65 (n = 326) were the slowest of all age groups, with an average walking speed of value 1.16 m/s and the 15th percentile walking speed of 0.92 m/s, while for younger pedestrians the speed is 1.48 m/s and 1.27 m/s, respectively.



Previous studies have shown that pedestrian crossing decisions are primarily dependent on the distance between the approaching vehicle and the pedestrian himself [9,14]. Yannis et al. [15] also found that the pedestrian crossing speed was significantly correlated to the distance between vehicles and pedestrians. When the vehicle approaches the pedestrian, the distance between the vehicle and pedestrian is smaller, the pedestrians have a stronger sense of urgency. As a consequence, they would prefer to give up crossing the street or crossing the street at a faster speed [16]. In addition, Pawar and Patil [17] revealed that pedestrian gap acceptance at mid-block Street crossings is highly influenced by the speed of the approaching vehicle. Liu and Tung [18] found that fast-approaching vehicles hastened the pedestrians to cross the street faster. Khatoon et al. [19] also found that the likelihood of crossing the road decreased when the pedestrian faced heavy vehicles (for example, buses and trucks) and increased when they faced a two-wheeler. Although many existing research results have found that vehicle types have a significant impact on pedestrian crossing behavior choice, they mainly focused on vehicle size and kinematic characteristics. Kadali and Vedagiri [20] found that the average pedestrian crossing speeds were 1.16 m/s, 1.25 m/s, 1.22 m/s, and 1.30 m/s for a 2-wheeler, auto-rickshaws, cars, heavy vehicles, respectively. This revealed that pedestrians were more likely to cross the road faster when facing heavy vehicles than when facing other types of vehicles.



At present, there are relatively few studies on the impact of autonomous vehicles on pedestrian crossing behavior and no consensus has been reached. Rodriguez Palmeiro et al. [21] explored the impact of autonomous vehicles on pedestrian crossing decisions by attaching autonomous vehicle logos to the body. Nuñez Velasco et al. [22] and Dey et al. [23] found that whether a vehicle is autonomous would affect pedestrians’ risk perception of the external environment, but there was no significant difference in their willingness to cross the street. However, Lundgren et al. [24] found that pedestrians’ willingness to cross the street was significantly reduced when drivers had no eye contact with pedestrians.



In summary, the researchers in the field of pedestrian crossing speed have carried out a large number of research works and abundant research results have been obtained. However, most studies were carried out according to the traditional traffic environment, while there were only a few studies on pedestrian crossing speed characteristics in the traffic environment of human-machine co-driving vehicles. Meanwhile, the effect of human-machine co-driving vehicle on pedestrian crossing speed is not clear. Therefore, through the pedestrian crossing simulation experiment in the traffic environment of human-machine co-driving vehicles at uncontrolled mid-block road sections, pedestrian crossing speeds facing human-machine co-driving vehicles with different time headways and vehicle speeds are collected. The effects of speed and time headway of human-machine co-driving vehicles on pedestrian crossing speed at road sections are explored. In addition, a questionnaire on the trust degree of human-machine co-driving vehicles is introduced into this study of pedestrian crossing speed. This work provides new insights and support to the design of pedestrian crossing control measures in the coming human-machine co-driving era.




3. Methods


3.1. Participants


A total of 32 college students from Beihang University and Zhejiang University were recruited to participate in the experiment. The recruitment criteria were as follows: (a) being in good health and not suffering from virtual reality sickness (as assessed by a trial test), and (b) no visual impairment such as myopia or astigmatism. A total of 2 participants were excluded due to motion sickness and failure to complete the test as required, and 30 experimental participants were ultimately obtained. The average age of the participants was 25.0 years (S.D. = 1.51). Of the 30 participants, 21 (70% of the total) were male. To ensure that the participants had a good mental state, they were forbidden to drink stimulant drinks such as tea or coffee before the experiment in order to reduce the influence of other factors on the subjects.



The sample size is very critical for an experiment. In this study, G*Power3.1.7 software (Franz Faul, Universität Kiel, Germany) is used to estimate the sample size [25,26]. The calculated result shows that power of 0.99 (α = 0.01) can be achieved when the sample size is 27. This implies that the sample size in our study is sufficient and can obtain reliable findings for the questions to be investigated.




3.2. Apparatus


Two apparatus were used in this study, including Scanner Studio 1.6 software and walking simulation apparatus (KAT Walk Mini S system, Tokyo, Japan), as shown in Figure 1.



The simulated street crossing scenarios were customized using Scanner Studio 1.6 software, which is usually used to simulate driving scenarios in traffic behaviour research [25,27]. In addition, the vehicle’s inherent attributes (appearance) and traffic characteristics (speed and headway) can be also defined by the software. In the simulated street crossing scenarios, pedestrian crossing behavior data, including speed and location, was recorded at a frequency of 100 Hz.



The walking simulation apparatus (KAT Walk Mini S system) was used to simulate participants’ street crossing in Figure 1. It includes three parts: a universal mobile platform, VR, and a control center, which can realize 1:1 linear input, squat, run, walk, and jump without restraint. The apparatus has a resolution of more than 32,768 × 32,768 pixels that can accurately capture more than 10 moving point tracks. At the same time, the platform is equipped with an open software development kit (SDK), which can realize communication and interaction with third-party software data to extract the user’s real-time behavioral data.



In this study, we used Scanner Studio 1.6 software to construct and simulate crossing scenarios and then delivered it into VR by using a communication module. The participants were required to wear VR to complete street crossing experiments on walking simulation apparatus. Then, the walking simulation apparatus transferred the behaviour data back to the simulation software for recording.




3.3. Scenarios


The experiment had a 5 (time headway levels) × 5 (vehicle speeds) within-participants repeated measures design. The street crossing scenario was simulated on a section of road in a daytime environment. The experimental scene included five simulated roads with the same line shape, and pedestrian crossing facilities were set at the same position on the road section, as shown in Figure 2. According to the results of the existing findings, 5 simulated roads were loaded with five different kinds of time headway, which were 3 s, 4 s, 5 s, 6 s, and 7 s, respectively [28,29,30]. Each simulated road had a two-lane road with a single lane in each direction marked with single white edge lines and dotted yellow centre lines. The width of each lane was 3.75 m, and there were sidewalks on both sides of the road with a width of 0.5 m. The road sections are set with crossing scenes and no signal control. Each simulated road includes 5 vehicle queues, which were loaded with five different kinds of vehicle speeds, which were 20 km/h, 30 km/h, 40 km/h, 50 km/h, and 60 km/h. Furthermore, 4 human-machine co-driving vehicles were successively set in each vehicle queue. To eliminate the effect of time headway sequence, we constructed a Latin square to provide each participant with a random sequence of trials. Similarly, to mitigate the effect of human-machine co-driving vehicle speed sequence in each simulator trial, 5 vehicle queues with different vehicle speeds were randomly combined.




3.4. Experimental Procedure and Data Collection


Each participant participated in 5 trials. Participants had a break of 5~10 min between 2 adjacent trials to avoid the problem of fatigue. The experimental procedures are described as follows.



	(1)

	
Participants were briefed about the purpose of the study and given precautions. All of the participants were asked to sign an informed consent form. They understood their rights as participants, which were voluntary, and a monetary reward was given for completion. All of the participants were told that some of them might experience virtual reality sickness, characterized by dizziness, nausea, and vomiting. If any discomfort happens during the experiment, he or she could immediately stop the experiment and return to feeling normal after a short rest. For these participants, a certain compensation would be paid according to the proportion of time spent;




	(2)

	
Participants were introduced to the operation method of the apparatus and were required to perform a practice walk for 5~10 min to familiarize themselves with the operation of the apparatus. In addition, they could adjust their walking styles to the simulated vehicles and surrounding environment. The scenario used for the practice walk was not identical to that used in the main experiment;




	(3)

	
Participants were required to walk from the starting point to the street crossing waiting area. Then, when the first vehicle in the queue passed through the pedestrian’s position, the participant was required to choose an appropriate time to complete a street crossing mission according to the situation and walk to the destination. In this process, they should ensure that they would not be hit by vehicles;




	(4)

	
When the participant had completed the street crossing mission, he or she was asked to prepare for the next set of missions, which was to return to the starting point following the same requirements described above. There were three chances for each street crossing mission, and if there is a collision or a failed crossing, the trial would be restarted;




	(5)

	
Participants repeated steps (3) and (4) until all 5 trials were completed. Finally, a demographic information questionnaire was also required for each pedestrian. Information was collected regarding each participant’s age, gender, education, the degree of understanding of human-machine co-driving vehicles, the level of trust in human-machine co-driving vehicles, and the overall view of human-machine co-driving vehicles. In addition, participant crossing speed was collected.









4. Results


4.1. Analysis of the Influence of Personal Attributes on Street Crossing Speed


4.1.1. Gender


The results of the independent t-test analysis in Table 1 indicate that there is a significant difference in the crossing speed of male and female pedestrians (t = −9.735, p < 0.001) when facing a human-machine co-driving vehicle. The average crossing speed of female pedestrians is 1.291 m/s, which is significantly lower than that of male pedestrians (1.489 m/s).




4.1.2. Trust in Human-Machine Co-Driving Vehicle


Pedestrians’ trust level in human-machine co-driving vehicles is divided into 3 groups: distrust, general, and trust. Analysis of partial correlation controlled with time headway and vehicle speed is used to explore the relationship between trust in human-machine co-driving vehicles and pedestrian crossing speed. Table 2 indicates that there is a significant correlation between trust in human-machine co-driving vehicles and pedestrian crossing speed (r = −0.175, p < 0.001). The result shows that with the increase in pedestrians’ trust in human-machine co-driving vehicles, the pedestrian crossing speed gradually decreases.



ANOVA analysis is used to further explore the difference in pedestrian crossing speed with different trust levels in human-machine co-driving vehicles. The results of the homogeneity of variance show that the significant p-value of the recognition time is 0.078, which passes the variance homogeneity test. The least significant difference test (LSD) is also used for analysis. Table 3 shows that there are significant differences in pedestrian crossing speed with different trust levels in human-machine co-driving vehicles (F = 15.352, p < 0.001). When facing human-machine co-driving vehicles, the crossing speed of pedestrians who do not trust the safety of human-machine co-driving vehicles has a significantly higher crossing speed than that of those pedestrians who trust the safety of human-machine co-driving vehicles. However, there is no significant difference in crossing speed between the general trust group and the trust group.





4.2. Analysis of the Influence of Time Headway and Vehicle Speed on Street Crossing Speed


Figure 3 shows the continuous distribution of average crossing speed along the crosswalk. The results show that the average pedestrian crossing speed increased at first and then decreased. Morevover, the average pedestrian crossing speed reaches its maximum value in the middle of the road crosswalk. In addition, the variation in pedestrian crossing speed with time headway and vehicle speed was explored in Figure 4. The results indicate that the pedestrian crossing speed increases with the increase in human-machine co-driving vehicle speed and decreases with the increase in vehicle time headway.



An analysis of partial correlation is used to explore the correlation between the pedestrian crossing speed and time headway or vehicle speed. Table 4 shows that when the vehicle speed variable is controlled, there is a strong significant negative correlation between the time headway and the pedestrian street crossing speed (r = −0.339, p < 0.001). Similarly, Table 5 shows that when the time headway variable is controlled, there is a significant positive correlation between the vehicle speed and the pedestrian street crossing speed (r = 0.093, p = 0.011).



ANOVA analysis is used to further explore the difference in pedestrian crossing speed when facing human-machine co-driving vehicles with different speeds and time headways. The results of the homogeneity of variance showed that the significant p-value of the vehicle speeds and time headway are 0.391 and 0.814, which passes the variance homogeneity test. The ANOVA analysis results show that the pedestrian crossing speed in different human-machine co-driving vehicle speeds has a significant difference in 90% confidence interval (F = 1.982, p = 0.095), and the pedestrian crossing speed in different time headways has a significant difference in 99% of the confidence intervals (F = 31.304, p ≤ 0.001).



In addition, the least significant difference test (LSD) is used to carry out multiple comparison tests on pedestrian crossing speeds facing human-machine co-driving vehicles with different speeds and headways. Table 6 shows that there are significant differences in pedestrian crossing speed when the vehicle speed is 20 km/h, 50 km/h, and 60 km/h. With the increase in the vehicle speed, the pedestrian crossing speed also increases significantly. However, there is no significant difference in the pedestrian crossing speed among other vehicle speeds. Table 7 also shows that there are significant differences in pedestrian crossing speed under different time headway conditions, except for the time headway of 4 s and 5 s, 6 s, and 7 s. With the increase in the vehicle time headway, the pedestrian crossing speed decreases.





5. Discussion


In this study, the effects of human-machine co-driving vehicles on pedestrian crossing performance, especially street crossing speed, are investigated, taking the effect of vehicle speed and time headway of human-machine co-driving vehicles into account. In addition, the influence of personal attributes, including gender and pedestrians’ trust in human-machine co-driving vehicles, on their street crossing speed are also explored.



Gender is a significant variable that affects pedestrian crossing speed when facing human-machine co-driving vehicles. The average street crossing speed of males is significantly higher than that of females, which is consistent with the previous research results on the crossing characteristics of male and female pedestrians in the traditional street crossing environment [31,32,33,34]. Most of the male pedestrians were in better physical and physiological conditions than female pedestrians, so the walking speeds of male pedestrians are generally faster than those of female pedestrians. In traffic behaviors, male pedestrians are more likely to make high-risk traffic decisions than females, which are manifested as faster crossing speeds and a higher incidence of high-risk crossing behaviors [35]. More attention should be paid to the traffic regulations and the improvement of safety awareness for the male pedestrian groups.



This study reveals that as pedestrians’ trust in human-machine co-driving vehicles decreases, their crossing speeds gradually increased. Some studies have identified trust as a relevant antecedent of risk perception and found that higher levels of trust reduce the level of risk perception over time [36,37,38]. Therefore, pedestrians with lower trust levels in human-machine co-driving vehicles often perceive a greater risk of crossing the street when facing human-machine co-driving vehicles. When pedestrians face persistent high-risk crossing scenarios, they would take more aggressive actions (faster crossing speeds, etc.) to compensate for the risks posed by such scenarios. Therefore, it is important to promote the trust of pedestrians by popularizing the knowledge of autonomous driving, so as to make their crossing behaviors more reliable and stable. In addition, a reasonable external human-machine interface (eHMI) of autonomous vehicles will help pedestrians understand the intentions of autonomous vehicles and thus ensure the safety of the street crossing.



There is a significant positive correlation between vehicle speed and pedestrian street crossing speed (r = 0.093, p = 0.011). With the increase in vehicle speed, the pedestrian crossing speed significantly increases, which is consistent with the findings of existing research [18,39]. Pedestrians crossing the street tend to be more nervous when facing a faster human-machine co-driving vehicle, which also makes them more cautious about their crossing behavior. For example, they may increase their crossing speed to ensure their safety. Liu and Tung [18] also found that fast-approaching vehicles stress them and may force them to cross the road faster. The existing research shows that pedestrians’ inaccurate estimate of vehicle speed would increase their risk of incorrectly deciding to cross when it is not safe to do so [39]. Therefore, safety education and speed estimating training exercises would improve the pedestrian performance at speed estimation, which in turn ensures their crossing safety.



There is a significant negative correlation between headway and pedestrian crossing speed (r = −0.339, p ≤ 0.001). Liu and Tung [18] also found that as the time interval increased, pedestrians were more likely to cross the road at a normal speed. When the headway of the human-machine co-driving vehicle increases, pedestrians will have more time to complete the entire crossing behavior, so they will choose a more comfortable speed to complete the entire crossing process on the premise of ensuring safety.



In addition, this work indicates that the time headway (r = −0.339, p ≤ 0.001) has a stronger correlation with the mean pedestrian crossing speed than the human-machine co-driving vehicle speed (r = 0.093, p = 0.011). Oxley et al. [9] found that when the headway was larger, pedestrians tended to make more aggressive crossing decisions (pressing ‘yes’ to indicate they would cross the road), ignoring the increasing vehicle speed. This may be because distance information is easier to be processed than vehicle speed and the underestimation bias increases as the vehicle speed increases. Greater underestimation bias would occur when a vehicle speed is higher, meaning that the difference between the two-vehicle speeds perceived by pedestrians is insignificant [39].



The present study also has some limitations. This study only considers pedestrian crossing scenarios facing human-machine co-driving vehicles on the road sections. The traffic flow environment and road attributes at intersections are different from those at road sections, which will affect pedestrian crossing behavior. The next step of work is to enrich the street crossing scenarios and explore the differences in different pedestrian crossing behaviors facing human-machine co-driving vehicles in different road scenarios. Meanwhile, the participants of this study are mainly young pedestrians, and the influence of different age levels has not been considered. Pedestrians’ crossing speed could be affected by pedestrians’ age, the study on behaviors of people at other ages is required to evaluate such effects. In addition, in order to increase the engineering application value of the research results, real vehicle experiments are expected to be carried out to validate the relevant results.




6. Conclusions


A VR-based simulation experiment is constructed to explore the characteristics of pedestrian street crossing speed when facing human-machine co-driving vehicles with different time headways and speeds. In addition, the influence of personal attributes, such as gender and trust level in human-machine co-driving vehicles, on their street crossing speed are also explored.



More specifically, the following results were obtained: (a) the crossing speed when facing human-machine co-driving vehicles of female pedestrians is 1.291 m/s, which is significantly lower than that of male pedestrians (1.489 m/s), and (b) there is a significant negative correlation between pedestrian trust in pedestrians’ trust in human-machine co-driving vehicles and their crossing speeds, namely, with the increase in pedestrians’ trust in human-machine co-driving vehicles, the pedestrian crossing speed gradually decreases, and (c) the pedestrian crossing speed has a significant negative correlation with the time headway and a significant positive correlation with the vehicle speed. Moreover, the time headway (r = −0.339, p ≤ 0.001) has a stronger correlation with the average pedestrian crossing speed than the human-machine co-driving vehicle speed (r = 0.093, p = 0.011). These findings can provide theoretical and methodological support for the formulation of pedestrian crossing control measures at the stage of human-machine co-driving.
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Figure 1. Walking simulation apparatus. 
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Figure 2. Schematic representation of the street crossing scenario. 
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Figure 3. The continuous distribution of average crossing speed along the crosswalk. (a) Time headway = 3 s. (b) Time headway = 4 s. (c) Time headway = 5 s. (d) Time headway = 6 s. (e) Time headway = 7 s. 
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Figure 4. Variation in pedestrian crossing speed with vehicle time headway and vehicle speed. 
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Table 1. Difference analysis of gender on pedestrian crossing speed.
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Variable

	
Range

	
n

	
Mean

	
S.D.

	
t

	
Sig.






	
Gender

	
Female

	
9

	
1.291

	
0.248

	
−9.735

	
<0.001




	
Male

	
21

	
1.489

	
0.259
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Table 2. Analysis of the partial correlation between trust in human-machine co-driving vehicles and pedestrian crossing speed.
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Control Variable

	
Variable

	
Trust in Human-Machine

Co-Driving Vehicle

	
Pedestrian Crossing Speed






	
Time headway &

vehicle speed

	
Trust in human-machine

co-driving vehicle

	
1.000

	
−0.175 ***




	
pedestrian crossing speed

	
−0.175 ***

	
1.000








*** p ≤ 0.001.
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Table 3. LSD multiple comparisons of trust in human-machine co-driving vehicle.
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Trust Level in Human-Machine Co-Driving

Vehicle (I)

	
Trust Level in Human-Machine Co-Driving

Vehicle (J)

	
Mean Difference (I-J)

	
Sig.

	
95% Confidence Interval




	
Lower

	
Upper






	
Distrust

	
General

	
0.131 ***

	
<0.001

	
0.081

	
0.181




	
Trust

	
0.140 ***

	
<0.001

	
0.084

	
0.196




	
General

	
Trust

	
0.009

	
0.703

	
−0.036

	
0.054








*** p ≤ 0.001.
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Table 4. Analysis result of the partial correlation between time headway and pedestrian crossing speed.
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Control Variable

	
Variable

	
Time Headway

	
Pedestrian Crossing Speed






	
Vehicle speed

	
Time headway

	
1.000

	
−0.339 ***




	
Pedestrian crossing speed

	
−0.339 ***

	
1.000








*** p ≤ 0.001.
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Table 5. Analysis result of the partial correlation between vehicle speed and pedestrian crossing speed.
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Control Variable

	
Variable

	
Vehicle Speed

	
Pedestrian Crossing Speed






	
Time headway

	
Vehicle speed

	
1.000

	
0.093 ***




	
Pedestrian crossing speed

	
0.093 ***

	
1.000








*** p ≤ 0.001.
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Table 6. Multiple comparisons of the effect of vehicle speeds on pedestrian crossing speed.
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Vehicle Speed (I)

	
Vehicle Speed (J)

	
Mean Difference (I-J)

	
Sig.

	
95% Confidence Interval




	
Lower

	
Upper






	
20

	
30

	
−0.0548

	
0.079

	
−0.116

	
0.0064




	
40

	
−0.0440

	
0.159

	
−0.105

	
0.0173




	
50

	
−0.0784

	
0.012

	
−0.140

	
−0.0172




	
60

	
−0.0721

	
0.021

	
−0.133

	
−0.0109




	
30

	
40

	
0.0108

	
0.729

	
−0.0504

	
0.0720




	
50

	
−0.0236

	
0.449

	
−0.0849

	
0.0376




	
60

	
−0.0174

	
0.578

	
−0.0786

	
0.0439




	
40

	
50

	
−0.0344

	
0.270

	
−0.0957

	
0.0268




	
60

	
−0.0282

	
0.367

	
−0.0894

	
0.0331




	
50

	
60

	
0.0063

	
0.841

	
−0.0550

	
0.0675
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Table 7. Multiple comparisons of the effect of vehicle time headway on pedestrian crossing speed.
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Time Headway (I)

	
Time Headway (J)

	
Mean Difference (I-J)

	
Sig.

	
95% Confidence Interval




	
Lower

	
Upper






	
3

	
4.000

	
0.194

	
<0.001

	
0.137

	
0.251




	
5.000

	
0.215

	
<0.001

	
0.158

	
0.272




	
6.000

	
0.277

	
<0.001

	
0.220

	
0.334




	
7.000

	
0.282

	
<0.001

	
0.225

	
0.339




	
4

	
5.000

	
0.021

	
0.476

	
−0.036

	
0.078




	
6.000

	
0.083

	
0.004

	
0.026

	
0.140




	
7.000

	
0.088

	
0.003

	
0.031

	
0.145




	
5

	
6.000

	
0.062

	
0.032

	
0.005

	
0.119




	
7.000

	
0.067

	
0.021

	
0.010

	
0.124




	
6

	
7.000

	
0.005

	
0.865

	
−0.052

	
0.062
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