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ABSTRACT

The three factors said to cause traffic accidents are people, cars, and roads, with people causing
almost all accidents. But preventive measures for locations, black spots, where accidents occur
frequently are implemented focussing on road factors that appear to induce human factors. The
normal way to identify locations of frequent traffic accidents and study traffic accident
prevention measures is carried out based on traffic accident data. But considering that traffic
accidents occur only rarely, to increase the safety of roads, it is necessary to not only introduce
measures based on the results of accidents, but to also identify potentially dangerous locations
where traffic accidents may occur and implement measures suited to the cause of the danger.
But it is difficult to identify potentially dangerous locations based on accident data.

This study was undertaken to prepare a Frightening Location Map based on a questionnaire
survey to road users that was carried out to discover potentially dangerous locations and the
causes of the potential danger at these locations. At each dangerous location, the causes of the
danger were identified by studying the road and traffic conditions.

The results showed many locations pointed out by multiple road users, revealing that potentially
dangerous locations exist at places that can be specified to some degree. The results have also
shown that it is possible to categorize the causes of danger as “road and traffic environment
related conditions” and “human factors on the users’ side”. Road and traffic environment related
causes include cases where trees obstruct visibility and cases of staggered intersections where
drivers are confused about who has the right-of way. User side factors include drivers failing to
see stop signs or red lights, or changing lanes without noticing following cars.

INTRODUCTION

The three factors said to cause traffic accidents are people, cars, and roads, with people causing
almost all accidents. The direct causes of almost all accidents are human factors. People may
fail to pay attention to the road ahead or may look to the side while driving. But the locations of
accidents are not balanced. In Japan, about 53% of all traffic accidents on arterial roads are
concentrated on about 6% of the total length of these roads. (Average on simple road section
from 1996 to 1998). Therefore, in certain identifiable road environments certain effects induce
human errors resulting in frequent accidents. Therefore at locations of frequent traffic acmdents
measures are implemented focusing on road factors.

The normal way to identify locations of frequent traffic accidents and study traffic accident
prevention measures is carried out based on traffic accident data. But even at locations on a road
where a dangerous phenomenon has appeared, it rarely results in traffic accidents because
drivers often take action to avoid an accident at these locations. But at the location of a
dangerous phenomenon, even if a traffic accident has not yet occurred, there is a high possibility
that eventually, some minor event will trigger an accident at that location. To improve road



safety, it is important to not only introduce measures based on results, namely past accidents,
but also measures based on potential danger that has not yet caused an accident. For this reason,
potentially dangerous locations where accidents can occur must be identified.

The focus of this study is, therefore, a method collecting experiences that have frightened or
startled road users and phenomena that usually appear dangerous to people (below referred to
collectively as, “frightening experiences”) and presenting the results on a map (Frightening
Location Map). This method was proposed by the International Association of Traffic and
Safety Sciences (IATSS) and is explained in its manuals D' D The IATSS proposes that
Frightening Location Maps be used to 1) identify dangerous locations and 2) increase elderly
people’s awareness of traffic safety. This study focused on the first proposal to prepare a
Frightening Location Map in order to identify dangerous locations. Additionally, the study
attempted to clarify the process leading up to a frightening experience that is one more benefit
of a Frightening Experience Map to identify the risk factors at each dangerous location with
~ reference to actual road and traffic conditions. ’

SURVEY OF FRIGHTENING EXPERIENCES OF ROAD USERS

Survey region

Tsukuba City where the survey was conducted has no railway station and maintains an orderly
road network. Motor vehicles are, therefore, used far more in Tsukuba than in other Japanese
cities. Its population is approximately 170,000 people, its area is 260 km?, its population density
is 650 people/km® (October 2001), and in 1998 its total road length was 3,194 km (because
Tsukuba incorporated an adjoining village after the survey, these values have changed a little).

Survey method

Questionnaires were distributed to respondents who filled in and returned them. Table 1 shows
the respondents to the survey and its content. The definition of frightening experience for this
study is “an experience that did not result in an accident, but very likely would have if you had
made one more mistake” and “a situation that was not really a frightening experience, but you
sensed danger or took precautions.” In order that the respondents fully understood this definition
of frightening experience and its purpose, the definition of frightening experience and examples
were printed on the questionnaire form as shown in Figure 1, and included four examples of a
completed form.

Table 1. Respondents and Survey Content

Survey period December 2001 to January 2002

Respondents Employees of Tsukuba City Hall and members of their
families

Number of respondents 123

Content of the survey Personal attributes

Frightening experience locations

- Recording each location on a blank map

Description of frightening experiences

- Using a sketched map to explain the situation and
characteristics of the place in writing

Clarification of the results

The results of the survey were tabulated and the locations of the respondents’ frightening
experiences were plotted on a map of the entire city of Tsukuba (Figure 2 is an example). Then
the locations were recorded on more detailed maps along with descriptions of the frightening
experience (Figure 3 is an example).



ANALYSIS OF THE FRIGHTENING EXPERIENCES

Frightening experience locations

Table 2 shows the number of frightening experiences reported and the number of locations
reported. The 123 respondents reported a total of 248 frightening experiences. Because some of
these locations were reported by a number of respondents, the actual number of reported
locations was only 178. These locations include many where no accident has occurred. It is,
therefore, possible to use a Frightening Location Map to efficiently identify potentially
dangerous locations.

Of all locations, 41 locations (23%) were reported by two or more respondents, and 20 were
reported by 3 or more. This suggests that potentially dangerous locations exist at points that can
be identified to some degree.

Table 2. Numbers of Experiences and Locations Reported

Respondents 123
Reported frightening experiences 248
Reported frightening locations 178
(Reported by 1 person) 137
(Reported by 2 or more people) 41
(Reported by 2 people) 21
(Reported by 3 people) 14
(Reported by 4 people) 3
(Reported by 5 people) 3

Descriptions of the frightening experiences

The causes of the frightening experiences were hypothesized with reference to the respondents’
descriptions of their frightening experiences and present road and traffic conditions. First they
were broadly categorized as road user factors (52 (22%)) and as road and traffic environment
factors (185 (78%)).

Table 3 shows the road user factors. These are categorized as “failure to confirm safety” by
drivers who change lanes without noticing motor vehicles behind them (example in Figure 4)
and “lack of awareness of traffic safety” by drivers who fail to stop before crossing intersections
or who drive through red lights (Example in Figure 5).

Table 3. Factors Causing the Frightening Experiences (Road user factors)

Failure to confirm safety
Lack of awareness of traffic safety

Table 4 shows road and traffic environment factors. These include the obstruction of visibility
by trees or a curve (Example in Figure 6), intersection related factor such as irregularly shaped
intersections, or intersections near curves (Example in Figure 7), and the cross section
component factors such as narrowness. '

Table 4. Factors Causing the Frightening Experiences (Road and traffic environment
factors)

Obstruction of visibility
Miscellaneous obstruction of visibility
Obstruction of visibility by trees
Obstruction of visibility by a curve
Obstruction of visibility by excessive speed on a downhill grade and a curve
Obstruction of visibility by a road structure



Intersections
Intersection near a curve
Irregularly shaped intersection
Intersection without a signal
Intersection close to another intersection
Intersection near a grade
Signal phase
Right-of-way at an intersection not clear
Intersection near exit of facility faced on road
Cross section component structure
Narrowness
Cars waiting to turn right (no right turn lane)
Narrow sidewalk
Short auxiliary lane
Others
Road with heavy traffic
Darkness at night
Road surface maintenance
Difficulty judging curve location and radius
Vague traffic signs

As this shows, it is possible to identify the process causing a dangerous phenomenon at a
potentially dangerous location and to clarify the factors effecting the occurrence of the
dangerous phenomenon based on descriptions of frightening experiences.

The results that are obtained are often categorized as road and traffic environment facts. This
shows that information necessary to improve road safety can be obtained efficiently using a
Frightening Location Map.

‘Precautions when using a Frightening Location Map

In parts 2., 3.1, and 3.2, the preparation, clarification, and analysis of a Frightening Location
Map were explained. These explanations have revealed precautions to be taken when using a
Frightening Location Map.

A wide variety of problems were reported by the respondents. In some cases, they reported
factors such as a lack of awareness of safety and others with little relationship to the road
structure or the traffic conditions at the location. But because (1) the survey respondents were
road users without expertise, and (2) it was a questionnaire survey, each respondent's awareness
of dangerous phenomena might differ. It is therefore, essential to judge whether or not each
location is actually dangerous based on the descriptions of each frightening experience instead
of simply identifying the locations reported by the respondents as dangerous.

The reported locations tend to be biased towards roads used by the respondents. This means that
some locations were reported by multiple respondents because they in the respondents’
neighborhoods. Therefore, it cannot be concluded that locations reported by two or more
respondents are highly dangerous and those reported by only one are not very dangerous.

As shown in the example in Figure 8, there were cases where the causal factor (in this case,
obstructed visibility) could not be identified based on the description of the experience. So the
factors shown in Table 3 and Table 4 include results of hypotheses reached with reference to
conditions at the site. The person who summarizes the results must have adequate knowledge of
roads in the survey region to make such hypotheses and enough experience and expertise to be
able to imagine the frightening experience.

To actually study measures, reports from respondents must be supplemented to increase
precision of the results and the results that are obtained must be examined to clarify the
dangerous factor in detail. To do so, the authors are now conducting a survey to confirm the
descriptions of the frightening experience reports at the locations. Parts of the results are
presented in the following part of this report.



LOCATION CONFIRMATION SURVEY

Locations surveyed

The surveys were focused on locations where it is assumed that the effects of the road structure
and traffic conditions have a big impact. From these locations, those where it was assumed that
it would be very difficult to clarify the causal factor without a survey, namely those where the
danger was a product of a number of combined factors, and other locations that were dangerous
even though they were on improved roads (bypasses, etc.), were selected. Finally 29 locations
were selected.

Survey method and description

The survey personnel examined conditions at each location from various perspectives for a
fixed period (until a large number of motor vehicles had. passed by), and when necessary,
measured the road width and the speed of the motor vehicles using the road. Based on the
results, they prepared survey results forms (sample in Figure 9) containing the items in Table S.

Table 5. Location Confirmation Survey

Results of confirming the detailed descriptions of the frightening experiences at their
locations

Impression of the road structure

Overall impression of the location -

Photographs of conditions at the location (at an intersection, photographs of the center
of the intersection taken from each road)

Photographs taken according to the description of the frightening experience

Road width (as necessary)

Speed of motor vehicles (as necessary)

Survey results

The example in Figure 9 presents the results of a survey of the location shown in Figure 8. The
results of the location confirmation survey revealed that an apartment building on the southeast
side of the intersection obstructs visibility. It also revealed details about the location: there is no
sidewalk on the south side of road A and the apartment building on the south side of the
intersection is close to road A. Based on these results, it is easy to plan measures such as
building a sidewalk on the south side of road A.

As explained above, the authors supplemented the descriptions of the frightening experiences by
performing confirmation surveys of several locations and used the results obtained to clarify the
dangerous factors and conditions. They also obtained information that was directly applied to
planning improvement measures.

Summing up

This study was undertaken to identify the locations of frightening experiences and descriptions
of the experiences obtained by a questionnaire survey and display the results on a map. In brief,
its purpose was to prepare a Frightening Location Map. And the study has shown that based on
the Frightening Location Map that was obtained; it is possible to identify potentially dangerous
locations and to clarify the process causing the dangerous phenomenon at each location. The
study also revealed the characteristics of a Frightening Location Map and precautions to be
followed when using one. '

And to confirm the descriptions of the frightening experiences, surveys were performed at their
locations. They confirmed that it is possible to use the results of such a survey to supplement the
descriptions of frightening experiences obtained from a questionnaire survey to clarify the
detailed danger factors.



This study clarified potentially dangerous locations on roads and qualitatively clarified danger
factors. But to study measures, it is essential to learn which danger factors to remove, how to
remove, then and how effective their removal will be in advance. It is not enough to simply
describe the process creating danger in written form as is done now. Therefore, a variation tree
that clearly shows the relationships between road structures or facilities and drivers or motor
vehicles in a time series will be prepared, and location surveys will be carried out to
quantitatively measure the distance that a road is visible and motor vehicle speed. A future
challenge is proposing measures for each location surveyed based on survey results and
discovering ways to build safer roads. '
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@®Definitions and examples of a frightening experience

¥ 1 Krightening experience

Definition: An experience that did not result in an accident, but very likely would have if you had made one more mistake

Example 1. While I was travelling from north to south on a certain prefectural road, I entered a slight curve to the left without
reducing my speed very much because I thought I could complete the curve easily, but it was actually a sharp curve and my
car moved into the oncoming lane. I performeéd emergency braking that made my tires squeal, frightening me. I have reduced
my speed at that curve even since that day. h :
Example 2: | was frightened while driving westward on a certain prefectural road. On a
curve to the left just after I passed a cleaning shop I almost hit a pedestrian crossing the street
in a crosswalk just around the curve.

% 2 Sensing danger

Definition: A situation that was not really a frightening experience, but you sensed danger or took precautions

Example 3: The exit from a primary school parking lot to the road is located on a curve and the road ahead is hidden by the
school gate and the curve. I move forward slowly checking the road very carefully before driving onto the road.

Example 4: When I cross a crosswalk at the corner of a department store, cars turning-right don’t stop until they have reached
the edge of the crosswalk. I am always careful to look at the faces of the drivers of both the cars turning right and those
turning left.

Figure 1. Questionnaire (Definition and Examples of Frightening Expériences)
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Figure 2. Example of a Map of the Entire City of Tsukuba (A part of the center of the city)
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While the driver was
traveling north on road
A, an approaching
motor vehicle suddenly
changed lanes near the
entrance to the facility
marked with an X. It
was a straight section
with good visibility.
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Figure 3. Example of a Detailed Map
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J‘ When, as I was traveling straight east on
road A, another car emerged from an
underground road and traveled in the same
direction, the other car suddenly changed to
the left lane (my direction), forcing me to
abruptly steer my car to the left to av01d the
other car.
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Figure 4. Example of a Report (Failure to confirm safety)
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Qg ¢] At the fork of road D and
LH road C, a car emerged
without stopping because the
visibility is good.

Figure 5. Example of a Report (Lack of awareness of traffic safety)
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intersecting road C at an east to west Q
intersection (actually the east side cross street

was not precisely opposite the west side cross =
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Figure 6. Example of a Report (Obstruction of visibility)
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If a motor vehicle turns right towards the
cast from road B, it is difficult for its driver
to see another coming from the right (east).
Motor vehicles coming from the east are
usually traveling at high speed. .

When, after driving from
north to south on road A, I
turn right to enter road B, I
cannot see oncoming cars
because of the curve and
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Figure 8. Case that CANNOT be Judged by the R}zport Alone



[Locatbn No.]

[Address]
[Road name 1] Road A
[Road nam e 2] Road B

[Road name 3]

[htersectbn name) Intersection X

[Landm arks ete.]

Reported
experence

Fork at the convergence of road A and another road coming from the south.
If amotor vehicle turns right towards the east fromroad B, it is difficult for its driver to see another coming from the right (east).
Motor vehicles coming from the east are usudly traveling at high speed.

Confim atbn + There is an apartment building on the east side of the intersection so that ifa driver does not cross the stop line (to the traffic
a

of the

phenom enon

at the
beatbn

lane on road A), his view of road A is obstructed.
* There is a curve on the east side and it is difficult to check on approaching motor vehicles because of trees and houses.

T pressbn
of the road
structure

In addition to the apartment building, because there is no sidewalk on the south side of road A and the shoulder is narrow, it is
difficult to check for motor vehicles approaching from the east on road A from the stop line on road B (there is a curve mirror). If
adriver does not advance into the intersection, his view of road A is obstructed. The view is poor because of the curve and trees
on the east side of road A, and it is difficult to turn left or right because of the high speed of the approaching motor vehicle.

Overall
in pressbn

It is an intersection near the end of a curve on a road where traffic travels at high speed. Visibility is poor because of the
apartment building located at the intersection and the houses and trees on the inside of the curve. When a motor vehicle turns to
the right or left fromroad B, if its driver does not enter the intersection, his view of road A is obstructed, and because there is a
curve near the intersection, a motor vehicle traveling west on road A appears to him to be rushing forward at high speed from the
dead angle beyond the curve, so that he has little time to take evasive action after seeing it.

Figure 9. Survey Results Form (Sample)
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