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1. Introduction

Although numbers of 24-hour fatalities, 30-day fatalities, and severe injuries due to road traffic accidents (limited
to casualty accidents, hereinafter the same) have trended downwards in recent years from around 2020 to 2021 due
to people staying at home more during the COVID-19 pandemic, numbers of such accidents have either leveled off
or trended slightly upwards following the end of the pandemic. Despite this, Japan’s 11th Traffic Safety Basic Plan
sets the following targets for 2025: (i) the number of 24-hour fatalities to be below 2,000 (with 30-day fatalities
below 2,400), and (ii) the number of severe injuries to be below 22,000. However, based on recent trends in fatalities
and severe injuries, achieving these targets will likely prove difficult.

According to traffic accident statistics for 2023, both fatalities and severe injuries were highest among pedestrians,
indicating a need for measures aimed at addressing pedestrian accidents. Analysis performed using traffic accident
statistics (commonly known as “macro data”) possessed by the Institute for Traffic Accident Research and Data
Analysis (ITARDA) revealed that among pedestrian accidents, the accident type resulting in the highest number of
fatalities and severe injuries is “collisions with vehicles driving straight ahead while crossing at locations other than
crosswalks at night”. For this reason, the aim of this research is to understand the causal relationships of this type

of accident, with a particular focus on pedestrians and from the perspective of human factors.

2. Analysis Method

The human factors of accident parties were analyzed using macro data. Comparisons were also made with
daytime accident factors to analyze causal relationships specific to nighttime accidents. The data used for analysis
spanned the past five years from 2019 to 2023. From this data, the human factors of the parties involved were
compiled from accidents in which the primary party was a full-sized passenger car or micro-car, and the secondary

party was a pedestrian.

3. Analysis Results

3-1. Analysis of Human Factors Focused on Vehicle Parties (Drivers)
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inattentiveness in the forward direction, it was found that many drivers experienced delays in noticing pedestrians,

resulting in accidents due to the reasons shown in Table 1.



v' Drivers letting their guard down due to low traffic at night

Drivers’ thinking being focused on private/work matters

becoming distracted by something outside the car

—Table 1 Factors behind delayed detection by vehicle parties as seen in the micro data

v
v
v Drivers not thinking about anything in particular, but focused on the road far ahead
v

Drivers assuming there will be no pedestrians on a familiar road usually free of pedestrian traffic

Drivers judging that no danger exists and looking away to retrieve something from inside the car or

3-2. Analysis of Human Factors Focused on Pedestrian Parties

Figure 2 shows the results of analysis
performed on human factors for
pedestrian parties based on the macro
data. Looking at the figure, it can be seen
that “no safety checks” and “insufficient
safety checks” are extremely high both in
the daytime and at night. Such human
factors are prevalent particularly at night,
despite the surrounding darkness making
it harder for drivers to detect pedestrians,
suggesting that many pedestrians also
have a low awareness of the dangers
associated with crossing roads at night.
Although an attempt was made to verify
these factors in the same manner as for
vehicle parties using the micro data, the
micro data’s focus on prioritizing
accidents with severe outcomes, such as
fatalities or serious injuries, meant that
many cases involving pedestrian parties,
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Fig. 2. Human factors for pedestrian parties at day
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Table 2 Chi-square test and residual analysis results
for pedestrian party human factors at day and night

Human factor of pedestrian party Day Night
Observation 72 12
Guardians’ inattentiveness frequency
Adjusted residual 7.70 ¥k -7.70
Observation 113 73
Inattentiveness in the forward direction frequency .
Adjusted residual 489 *x -4.59
Observation
No safety check frequency 686 » 629
Adjusted residual 6.92 *x -6.92
Observation
Insufficient safety check frequency i 897
Adjusled_residual -5.87 5.87 Fok
Misjudgment of other party’s sense of Obfi:;‘l'fe?]?; 53 138
speed Adjusted residual -4.76 4.76 Fok
Assumption that other party would follow Observation 12 7
traffic rules frequency
Adjusted residual 1.65 -1.65
Assumption that other party would yield Obff_:;\l/;l:lzl; 162 187
or stop Adjusted residual  0.78 -0.78
Observation
Other misjudgment frequency 98 159
Adjusted residual  =2.10 2.10 *
Observation
Poor health condition frequency 0 730.78
Adjusted residual  =8.68 8.68 ok
*p<.03, **p<.01

outcomes, could not be investigated, preventing verification from being completed.

Table 2 shows the results of a chi-square test® conducted to determine whether a relationship exists between the

human factors of pedestrians shown in Figure 2 and the time of day. In doing so, a significant difference was

observed between the human factors of pedestrians and the time of day (y*> = 234.2, df = 8, p < .01). Furthermore,

residual analysis revealed that the items “insufficient safety check”, “misjudgment of other party’s sense of

speed”, “poor health condition” and "other misjudgment" were significantly more frequent at night than other

items (p <.01 and p < .05).

Among these items, those excluding “poor health condition”— which includes factors such as intoxication — are

presumed to involve perception and cognitive errors specific to nighttime.



4. Verification Experiments on Perception and Cognitive Errors Specific to Nighttime

4-1. Verification Experiment 1: Verification of the Distance at Which Pedestrians Assume They Are Noticed

by Drivers
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Fig. 3 Evaluation scale and test results

the subject was then asked to verbally
for Verification Experiment 1

respond using the evaluation scale shown

at the top of Figure 3, with ratings ranging from 0% to 100%. During experiments, the evaluation distance was
randomly set within the range of 40 m to 200 m. After all evaluations were completed, the subject approached the
vehicle to the position where they believed they would certainly be recognized by the driver, after which the
evaluation was concluded. The average value for the eight subjects is shown in Figure 3. From the graph, it can be
seen that pedestrians begin to feel that “the driver might recognize them” from a distance of 105 m, and that “the
driver is likely to recognize them” at a distance of 60 m. However, considering that most vehicles are in low beam
mode during nighttime accidents, and although it may depend on the pedestrian's clothing or other factors, the
visibility distance for low beams is generally said to be 40 m. Therefore, it can be said that a gap exists between the
distance at which pedestrians feel they are recognized by drivers and the actual distance at which drivers can detect
pedestrians. In this way, although pedestrians are not visible to drivers, it is possible that they begin to cross the
road because they mistakenly believe they are seen by the driver. Conversely, in such cases, drivers may feel that

the pedestrian suddenly appeared from a spot where they were not visible, which could lead to delays in detection.

4-2. Verification Experiment 2: Verification of Pedestrians' Perceived Speed of Approaching Vehicles
Since the pedestrian human factor of misjudging the other party's speed was significantly higher at night than
during the day, a hypothesis was made that humans are more likely to misjudge the speed of approaching vehicles
at night than during the day. To test this hypothesis, an evaluation was conducted on changes in speed observed
when approaching vehicles were observed during both day and night. The method used for this experiment is as
follows.
1. The subject waited in a standing position on the opposite shoulder of a one-lane road with their field of view
restricted by the experimenter.
2. When the vehicle, traveling at a constant speed of 40 km/h or 50 km/h, reached a position 76.3 meters away
from the subject (equivalent to a TTC of 5.5 seconds at 50 km/h), the subject's field of view was opened. The

subject then observed the vehicle for 1.5 seconds (the time corresponding to looking left and right while crossing



the road and confirming the vehicle's presence and speed, as judged by the experimenter) and recorded the
perceived speed of the approaching vehicle.

3. Steps 1 and 2 were repeated, but from the second round onwards, subjects were requested to compare the
perceived speed during Step 2 with the previously recorded speed and immediately respond after 1.5 seconds of
observation with one of the following options: “faster”, “slower” or “no change”.

4. Step 3 above was repeated multiple times.

The above procedure was performed both at night and during the day. During the nighttime portion of the
experiment, the vehicle was driven with the headlights in low-beam mode. Table 3 shows the total frequencies of
correct and incorrect responses for four subjects during Step 3, while Figure 4 shows a comparison of correct answer
rates during daytime and nighttime experiments. A chi-square test> was conducted on the accuracy rate of responses
regarding changes in approaching vehicle speed, with a relationship being found between correct answer rates

during daytime and nighttime experiments.
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5. Conclusion

By conducting analysis that focused on pedestrian accidents with high numbers of fatalities and severe injuries,
it was revealed that the accident type with the highest number of fatalities (including 30-day fatalities) and severe
injuries was collisions with vehicles traveling straight ahead at night when pedestrians crossed the road in an area
without a crosswalk. The factors which contributed to the accident from the perspective of the human factors of the
parties involved were:

*  The driver human factor of “delay in detection” accounted for 90% of cases and included “inattentiveness in
the forward direction” and “no or insufficient safety checks”.

+  The pedestrian human factor of “no or insufficient safety checks” was common.

*  Among pedestrian human factors, the items “insufficient safety checks”, “misjudged speed of other party”,
“poor health condition” and “other judgment errors” were statistically significantly more common at night.

Therefore, in order to reduce pedestrian fatalities and severe injuries, it is effective for both drivers and pedestrians

to pay attention to the following points.
[Drivers]
+  Drivers should remain alert even during monotonous straight driving.
+  Drivers should reduce their speed in anticipation of pedestrians possibly crossing the road from areas not

visible to the driver.

+  Drivers should pay close attention to the road ahead, even on familiar roads and during light traffic. If there



are no vehicles ahead or approaching, they should proactively switch to high beams and strive to detect
pedestrians as early as possible.
[Pedestrians]
Pedestrians should carefully check in both directions before attempting to cross the road.
Pedestrians should consider the fact that even if they can see an approaching vehicle, they may not be visible

to the driver.

Pedestrians should avoid hastily crossing the road at night due to their tendency to misjudge both vehicle
speed and proximity.

Pedestrians should wear reflective materials to help drivers detect them more quickly.
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