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In Cambodia, motorcycle use has spread rapidly in recent years, and serious accidents involving motorcycles have
increased. Motorcycle accidents involving young people are particularly common, and there are various issues
concerning traffic safety. To understand the situation in Phnom Penh, Cambodia, we conducted a questionnaire
survey on driving attitude and behavior of motorcycle users targeted at high school and college students and a
video observation survey of motorcycle driving conditions. Based on the survey analysis results, we held a traffic
safety workshop (WS) comprising practical skills and classroom learning centered on hazard anticipation. In this
study, we conducted a statistical comparative analysis of driving behavior frequency on non-intersection inter-
vals of arterial roads before and after the WS, based on observational results from video cameras mounted on mo-
torcycles. The results showed that the WS effects were associated with a reduction in average travel speeds and
changes in driving behavior, such as frequency of lane changing. Different responses to the WS were observed
according to attributes, and thus, the relationship between the content of this kind of traffic safety WS and behav-
ioral changes needs to be clarified and a more advanced traffic safety WS program developed.

© 2018 International Association of Traffic and Safety Sciences. Production and hosting by Elsevier Ltd. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Research background and objectives

In Cambodia, the use of motorcycles has increased rapidly in recent
years, and the proportion of accidents involving motorcycles has also in-
creased. According to an OECD report, the number of traffic accident fa-
talities in 2016 was 1,852 (11.8 per 100,000 people), and 73% of these
fatalities were riders of “motorized two-wheelers.” [ 1] Motorcycle acci-
dents have accounted for more 90% of fatalities in the 15-24 age group,
and the main causes were identified as excessive speed, drink driving,
and dangerous passing. In response to these circumstances, a review
of the driving license system for motorcycles is underway, although it
was made compulsory to wear a helmet when riding a motorcycle of
49cc or above in 2007, and in 2015, it was made compulsory for motor-
cycle passengers to wear a helmet, and the law regarding traffic viola-
tions was toughened. With regard to road infrastructure, the Asian
Highway Network and other arterial roads in Cambodia are being im-
proved, and traffic signals and a control center are being introduced in
the capital city, Phnom Penh. Traffic safety education is supported by
NGOs and traffic safety is included in the compulsory education
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curriculum. However, judging from the current situation regarding acci-
dent occurrence, both the quantity and quality of this education is insuf-
ficient, and knowledge about the necessity of additional traffic safety
education and its specific effects is required.

Given the above issues concerning safe motorcycle use by young
people, we decided to carry out an International Association of Traffic
and Safety Science (IATSS) project comprising three parts described
below, to gain specific knowledge about traffic behavior and related
traffic safety education. First, we conducted a questionnaire survey on
motorcycle driving attitude and behavior targeted at high school and
college students in Phnom Penh, and ascertained the actual traffic con-
ditions through an observation survey using video cameras mounted on
motorcycles. Next, based on these results, we held a traffic safety work-
shop (WS) for the participants in the driving behavior survey. The WS
consisted of classroom learning and practical skills training. In class-
room learning, the situation regarding occurrence of traffic accidents
in Cambodia was explained, and hazard anticipation training was car-
ried out using dangerous driving scenarios selected from the results of
the video observation of driving behavior. In practical skills training,
basic driving training was given. Finally, video observation of driving
behavior was carried out for a second time to examine the effects of
the traffic safety WS.

In this study, with the aim of clarifying issues relating to fundamen-
tal driving behaviors that contribute to motorcycle traffic safety, such as
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travel speed, we compare the awareness-related questionnaire results
and the behavioral video observation results, and we conduct a compar-
ative analysis of driving behavior before and after the WS. The term
“motorcycle” in this study refers to the automatic scooters used in
Cambodia and does not include auto rickshaws.

2. Review of past research

Many studies on motorcycle traffic safety examine problems in Asia,
including analysis of risk behavior in Thailand [2,3], risk analysis of acci-
dents at intersections in Malaysia [4], and road design related to motor-
cycles in Asian countries [5], and various issues have been identified,
such as helmet use, alcohol, training, daytime running lights, driving
licenses, and risk-taking [6].

With regard to driver education, there are numerous studies on hier-
archical models of driving behavior [7,8] and their extension [9], as well
as specific assessment methods [10]. In research on motorcycle use and
the effects of education, there are studies on the relationship between
safe driving training and traffic accidents [9], the relationship between
education and traffic safety behavior [11], behavioral intention [12], ed-
ucational content and the license system [13], and educational methods
and children's developmental stage [14]. To improve traffic safety per-
formance among young people in particular, dealing with risk-taking
behavior [15] and the importance of more advanced driving skills train-
ing in addition to the conventional simple skills training have been iden-
tified [16].

At the same time, to better understand these driving behaviors, the
importance of traffic safety measures based on evidence, such as natu-
ralistic driving observation studies [17] and development of on-board
devices [18], has been identified [19].

As described above, there are various study results regarding educa-
tion of young people on motorcycle traffic safety, but information about
the current reality of motorcycle driving behavior in young people and
issues relating to traffic safety education in Cambodia is limited. This
study focused on hazard perception and driving behaviors among
young Cambodians on motorcycles and analyzed challenges pertaining
to traffic safety education based on a questionnaire survey and natural-
istic driving data. The study also focused on changes in actual driving
behavior as a result of traffic safety education, as well as changes in driv-
ing behaviors from shared information on traffic accidents, improved
ability to perceive hazards [20,21], and the opportunity to participate
in a traffic safety WS on basic driving skills training. This is a case
study of the psychological characteristics and motorcycle driving be-
haviors of young Cambodians that also takes results from previous stud-
ies into account; this study examined whether conventional knowledge
on motorcycle driving among young people in other countries also ap-
plies in Cambodia. In terms of assessing driving behaviors, motorcycle
driving depends greatly on traffic conditions, which change minute by
minute; riders repeatedly change lanes and pass between cars, unlike
when driving cars (notably when following), and there is a need for bet-
ter understanding obtained from on-board videos as naturalistic driving
data. By utilizing the fundamental theory of traffic flow associated with
traffic density, this study considered the validity of the analysis of driv-
ing behavior while also conducting a detailed analysis on changes in
driving behaviors, which may be able to provide new knowledge on
practical approaches to assessing driving behavior.

3. Research method
3.1. Overview of questionnaire survey on driving attitude/behavior

The results of a survey of 1,079 high school and college students in
Phnom Penh in 2015 were used in this study. In the analysis, those
who left questions unanswered were excluded, and only data from
557 people with motorcycle driving experience was used. The number
of respondents by attribute is shown in Table 1. The questionnaire

consisted of eight questions on individual attributes, 22 questions on
hazard recognition in one's own driving behavior, and 24 questions on
one's own driving attitude. In the 22 questions on hazard recognition
in driving behavior, four levels of response to driving items were
obtained—from “1. I don't think it's dangerous at all” to “4. I think it's
very dangerous”. In the analysis, the responses were tallied by scoring
each response for hazard recognition (“1. 1 don't think it's dangerous
at all”: -2, “2. 1 don't think it's particularly dangerous”: -1, “3. I think
it's dangerous”: 1, “4. “I think it is very dangerous”: 2).

3.2. Summary of video observations of actual driving behavior

To confirm the actual situation regarding driving behaviors included
in the questionnaire results, video cameras were installed on the motor-
cycles (50cc-125cc) of students who commute to high school or college
within the city of Phnom Penh, and an observation survey was per-
formed. In the survey, the route routinely used by the subject between
their home and school was filmed during two separate periods: one
from December 2015 to January 2016, and one at the end of July 2017
after the traffic safety WS described below. The subjects were a total
of 27 people who responded to an appeal for cooperation in the survey
through a local college. Four of these 27 people were common samples
before and after the WS. In the analysis, driving behavior was compared
by separating it into behavior when the subject had not attended the
traffic safety WS (before WS) and behavior when the subject had
attended the traffic safety WS (after WS) (Table 2).

VIRB Elite action cameras with GPS functionality were used for the
video observations. The measured viewing angle was 123°, which is
roughly the same as the angle of view of a human being (120°). Using
the video data, in addition to average interval speed in terms of non-
intersection intervals of road, the number of times the subject changed
lanes, passed a motorcycle, and was passed by a motorcycle were count-
ed as driving behaviors indicating driving conditions, and the number of
times the subject exhibited eight driving behaviors in common with the
hazard recognition questions in the questionnaire were counted. As a
result, data for 1,014 non-intersection intervals totaling 160.5 km was
extracted (Table 3). The number of subjects in the video observation
survey was small compared to the questionnaire survey, but an analysis
of key driving behaviors observed repeatedly under different route/traf-
fic conditions was performed.

3.3. Vehicle density in video analysis

Motorcycle driving behaviors depend heavily on traffic conditions,
which change minute by minute; for example, an uncongested road
means that speeding is easier. If the details of traffic conditions can be
known, driving behaviors and their associated psychological conditions
can be analyzed. Therefore, the relationship between traffic density and
driving speed was utilized from the perspective of traffic flow theory.
Vehicle density was used to describe the traffic conditions ahead of
the motorcycle instead of traffic density, which is difficult to measure
directly. Vehicle density was used as an explanatory variable in an anal-
ysis of driving frequency and speed.

Table 1
Attributes of questionnaire respondents.

Attribute Sample size

High school student Male Driving experience: Less than 1 year 39
Driving experience: More than 1 year 78
Female Driving experience: Less than 1 year 25

Driving experience: More than 1 year 117
Driving experience: Less than 1 year 43
Driving experience: More than 1 year 86
Female Driving experience: Less than 1 year 39

Driving experience: More than 1 year 130

Total 557

College student Male
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Table 2
Individual attributes of subjects fitted with cameras.
Before WS After WS Total
Date of observation ~ December 2015-January 2016 July 2017
No. of people 17 10 27%
observed
Gender 8 males/9 females 5 males/5 females 13 males/14 females

Student category
Driving experience

Motorcycle category

No. of observation
intervals

Observation time
period

Weather

9 high school students/8 college students

Less than one year: 5 people/more than one year:

12 people
50cc: 4 people/90-125cc: 13 people
584 intervals

Morning: 327 intervals/afternoon: 143
intervals/evening: 114 intervals
Clear: 429 intervals/cloudy: 155 intervals

5 high school students/5 college students

Less than one year: 0 people/more than one year:

10 people
50cc: 3 people/90-125cc: 7 people
430 intervals

Morning: 129 intervals/afternoon: 184
intervals/evening: 117 intervals
Clear: 192 intervals/cloudy: 238 intervals

14 high school students/13 college students

Less than one year: 5 people/more than one year:
22 people

50cc: 7 people/90-125cc: 20 people

1,014 intervals

Morning: 456 intervals/afternoon: 327
intervals/evening: 231 intervals
Clear: 621 intervals/cloudy: 393 intervals

2 Of this total, 4 people participated both before and after the WS

First, for motorcycle travel intervals, non-intersection intervals were
taken as the subject of analysis, and the boundary with the intersection
was taken as the extension of a straight line from the end of the corner
cut-off at the intersection. The width and length of the non-intersection
intervals were measured using Google Earth. Measurement errors may
occur in the passage times because the interval start and end positions
were reliant on visual estimates. As a rough guide, assuming that the
error in average interval passage time is 1 s from the start/end posi-
tion, the error in average non-intersection interval speed will be ap-
proximately —1.23 to 1.41 (km/h).

Next, with regard to vehicle density, vehicle area occupation ratio
around the observed vehicle (hereafter, vehicle density) was used. To
calculate this, a 9-m range in front of the motorcycle was defined
using traffic lane markings, and the number of vehicles seen inside

Table 3
Summary of video observation results.
Basic video No. of people observed 27
observation Observation time 573 min (average of 24.9 min per
data person)
Travel distance 160.5 km (average of 7.0 km per
(non-intersection person)
intervals)
No. of non-intersection 594/420 intervals (total 1,014
intervals on intervals)
arterial/non-arterial roads
Average non-intersection  0.160 km
interval distance
Average non-intersection  29.6 s
interval passage time
Observed Driving behaviors Lane changing (no. of times)
driving indicating driving Passing a motorcycle (no. of times)
behaviors  conditions Being passed by a motorcycle (no. of

Driving behaviors in
common with
questionnaire

times)

Q2 Driving motorcycle on sidewalk
for a few meters (no. of times)

Q4 Weaving between cars on a
congested road (no. of times)

Q6 Passing when cars turning
left/right ahead are stopped (no. of
times)

Q8 Turning directly in front of an
oncoming car when turning left at an
intersection (no. of times)

Q3 Driving in the wrong direction on
a one-way road (no. of times)

Q5 Driving off sooner than other cars
after waiting for a traffic light at an
intersection (no. of times)

Q10 Not paying attention to doors
opening when passing parked cars
(no. of times)

Q21 Driving closer to the car in front
when it seems as though other cars
might try to cut in (no. of times)

that range, even if only a small part of the vehicle, was counted every
five seconds according to the type of vehicle, and the space occupation
ratio of total vehicle area was found (Fig. 1). Measured values for each
type of vehicle used locally were used for the area parameters
(Table 4). Using Eq. (1), the instantaneous vehicle density was averaged
over the number of observations within the same non-intersection in-
terval and taken as a representative value for the interval. The coeffi-
cients used were a, b, ¢c: number of motorcycles, four-wheeled
vehicles, auto rickshaws and others; o, 3, 'y: area parameters; A: area
by which the total vehicle area is divided; n: number of observations
within interval.

(Z?{:l (Cyn + Bbmn + 'YCmn)) /An (1)

Excluding 136 intervals for which it was not possible to accurately
count all of the vehicles inside the angle of view owing to the effect of
camera shaking and road congestion, etc., data for a total of 878 inter-
vals was obtained from the video analysis. The number of observations
of instantaneous vehicle density found every five seconds averaged 4.86
per interval, with a standard deviation of +4.42.

Using the calculated results, when correlation coefficients of average
interval speed and average interval vehicle density according to road
conditions were compared, excluding the small number of one-way in-
tervals, correlation was highest for “intervals with median strip, and 2 or
more lanes in each direction” (Table 5), and the scatter diagram of occu-
pation ratio and speed confirmed that, as average interval vehicle den-
sity increases, average interval speed decreases (Figs. 2, . 3). Reasons
for different correlation coefficients depending on road conditions in-
clude the fact that, in addition to road conditions such as road surface,
the situation concerning crossing the centerline, reckless right/left turn-
ing, driving in the wrong direction on the road shoulder, etc. also varies

A: area by which total vehicle area is divided
Vi

Road width

©=123°

Fig. 1. Nine-meter range in front of motorcycle.
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Table 4
Area parameters.
Sample size Average vehicle  Standard
(no. of vehicles)  area (m?) deviation (m?)
Motorcycle 6 1.22 0.14
Four-wheeled vehicle 6 8.51 0.51
(including three SUVs)
Auto rickshaw 10 4.59 0.17

according to road conditions. The conditions on “intervals with median
strip, and 2 or more lanes in each direction” are such that driving behav-
ior is less affected by the road and other people, and a detailed analysis
of the 542 “intervals with median strip, and 2 or more lanes in each di-
rection” was conducted.

3.4. Summary of traffic safety WS

The traffic safety WS held at the Royal University of Phnom Penh on
July 16, 2017 consisted of two hours of classroom learning and two
hours of practical skills training. In classroom learning, after an explana-
tion of the situation regarding traffic accident occurrence in Cambodia,
hazard anticipation training was carried out using dangerous driving
scenarios selected from the results of the video observation of driving
behavior. Observed cases of near-misses were used as the dangerous
driving scenarios, for example, entering the blind spot of a four-
wheeled vehicle when weaving between cars, and another vehicle sud-
denly appearing from a blind spot. The training method took the form of
stopping the video before the dangerous driving scenario and having
the participants anticipate the potential hazards, before explaining the
actual dangerous driving scenario. In practical skills training, approxi-
mately two hours of basic skills training, such as riding a figure of
eight and braking, was given by a motorcycle instructor.

4. Analysis results
4.1. Hazard perception while driving

Table 6 shows aggregate results by question on hazard recognition
in driving behavior. The results showed that the level of hazard recogni-
tion differs depending on the item, with a difference of approximately
one point in the average values between the top items, such as “driving
under the influence of alcohol” and “driving at night without switching
lights on,” and the bottom items, such as “driving while listening to
music through headphones” and “riding a motorcycle with more than
one person on board.” Next, scoring the responses to all of the questions
and comparing the average values determined for each individual attri-
bute showed that the hazard recognition level is higher in females and
college students, while there is hardly any difference in hazard recogni-
tion level between the attributes of possessing and not possessing a
driving license (Fig. 4). Furthermore, performing a multiple regression
analysis by taking the total score for hazard recognition level as the re-
sponse variable and individual attributes as explanatory variables

Table 5
Correlation between vehicle density and average speed by traffic lane scenario.
Traffic lane scenario No. of Correlation
intervals coefficient, R
Interval without median strip, and 1 or 1.5 lanes 165 —0.27
Interval without median strip, and 2 or more lanes 126 —0.37
Interval with median strip, and 1 or 1.5 lanes in 33 —0.48
each direction
Interval with median strip, and 2 or more lanes in 542 —0.54
each direction
One-way interval 12 —0.65
All intervals 878 —043

70

60 R=-0.43

s X« n=878

40 §
30 §
20 §

10 ¥

Average Interval Speed (km/h)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Average Interval Vehicle Density

Fig. 2. Relationship between average vehicle density and average speed (all intervals).

confirmed that, although the coefficient of determination is low at
0.05 and there is large variation among individuals, there is a significant
difference between gender and student categories (Table 7). These re-
sults showed that, in regard to hazard recognition, danger tends to be
underestimated more by males than females, and more by high-
school students than college students.

A factor analysis was performed using the varimax rotation by max-
imum likelihood method, with responses to the questions as explanato-
ry variables; we found three axes of factors. The first factor was
interpreted as an axis that captured "serious offenses," as it related to se-
rious and dangerous driving behaviors such as "drinking and driving"
and "driving at night without a headlight." The second factor was
interpreted as an axis that represented "subjectively mild offenses,"
such as "riding a motorcycle with more than two people at once,"
"sometimes driving with one hand,” and "driving while listening to
music with earphones.” Such subjectively mild offenses included behav-
iors that riders did not consider to be risk factors for serious accidents.
The third factor was interpreted as an axis describing "rushing," includ-
ing "accelerating faster than other cars after waiting for a traffic signal at
an intersection” and "driving through spaces between cars on a
congested road," which reflect being in a hurry while riding. There
were no explanatory variables whose commonalities exceeded one
axis in the analysis results; thus, these three were selected as factor
axes.

A multiple regression analysis using the factor scores as explanatory
variables (Table 8) found that the coefficient of determination was
0.998; impact from individual attributes was not observed, which con-
firmed the idea that these three factors can explain nearly everything.
Comparisons among the trio of factors showed that the significance of
the factors was "serious offense,"” "subjectively mild offense,” and

70
R=-0.54
= n=542
g
=3
]
3
=9
2
=
5 X
|
£
g . X%éxxx X
> X
< X
X
0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Average Interval Vehicle Density

Fig. 3. Relationship between average vehicle density and average speed (intervals with
median strip, and 2 lanes in each direction).
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Table 6
Aggregate results for hazard recognition score in driving behavior.

175

Question no. Questionnaire item No. of responses Mean Standard deviation
Q.13 Driving under the influence of alcohol. 557 3.69 0.76
Q.14 Driving at night without switching lights on. 557 3.51 0.88
Q.8 Turning directly in front of an oncoming car when turning left at an intersection. 557 349 0.89
Q.22 Occasionally driving as fast as you can. 557 343 0.88
Q.21 Driving closer to the car in front when it seems as though other cars might try to cut in. 557 3.41 0.88
Q3 Driving in the wrong direction on a one-way road. 557 3.40 0.84
Q.6 Passing when cars turning left/right ahead are stopped. 557 3.39 0.90
Q1 Not wearing a helmet when riding a motorcycle. 557 3.34 0.87
Q.15 Driving while operating a cell phone. 557 3.27 0.86
Q7 Increasing your speed when you think you'll be late for an appointment. 557 323 0.87
Q9 Not signaling when turning right/left. 557 3.18 0.84
Q.5 Driving off sooner than other cars after waiting for a traffic light at an intersection. 557 3.10 0.93
Q.12 Acting first, and frequently putting safety checks aside. 557 3.09 0.89
Q.10 Not paying attention to sudden opening of doors when passing stationary vehicles. 557 3.04 0.91
Q.4 Weaving between cars on a congested road. 557 3.01 0.87
Q.18 Stacking bulky luggage on the rear rack of a motorcycle. 557 293 0.85
Q.20 Driving with damaged mirrors or lights. 557 293 0.92
Q.11 Not reducing speed at places where there are strong crosswinds, such as elevated bridges. 557 290 0.95
Q.2 Driving motorcycle on sidewalk for a few meters. 557 2.82 0.85
Q.19 Driving with one hand. 557 2.82 0.90
Q.16 Driving while listening to music through headphones. 557 2.68 0.90
Q.17 Riding a motorcycle with more than one person on board. 557 2.59 0.86
90
80
Maximum
£ 70
@ Standard
g Deviation Mean
g 60
)
g
—Dé % Minimum
s
Su
30 1 1
20 L— - -
Male Female High College Less than More than No driving Unofficial ~Official
school student 1 year 1 year license  driving  driving
student license  license

Fig. 4. Comparison of hazard recognition score by individual attribute.

"rushing” in descending order, and mindsets for these factors had seri-
ous influences on hazard perception.

4.2. Relationship between hazard recognition and driving behavior

Table 9 lists the hazard recognition rate for individual questions in
the questionnaire survey, and number of observations and frequency

Table 7
Multiple regression analysis taking average score per person for all questions as response
variable.

Coefficient t-value
Constant term 13.71 823"
Female dummy variable 6.04 437"
College student dummy variable 5.43 3.89"
More than one year dummy variable 0.39 0.24
Possessing official driving license —0.11 —0.05
Possessing unofficial driving license —2.53 —0.80
Coefficient of determination 0.05
Sample size 557

of driving behavior in 542 intervals on arterial roads with a median
strip and 2 lanes in each direction before and after the WS, as well as
three items indicating driving conditions—Ilane changing, passing a mo-
torcycle, and being passed by a motorcycle. Comparing hazard

Table 8
Multiple regression analysis with total scores from responses to survey questions as
response variables and individual attributes and factor scores as explanatory variables.

Coefficient t-value
Constant term 69.25 2848.59™
Female dummy —0.02 —0.63
College student dummy 0.01 0.31
Dummy for over a year 0.01 0.47
Holds an official driver's license 0.03 1.37
Holds an unofficial driver's license —0.01 —0.51
Serious offense 7.03 281.42"
Subjectively mild offense 5.87 236.25™"
Rushing level 5.46 216.62""
Coefficient of determination 0.998
Sample size 557

* Significance level 5%.
** Significance level 1%.

* Significance level 5%.
** Significance level 1%.
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Table 9

Hazard recognition rate for driving items in common with questionnaire and number of observations of corresponding driving behavior.

Items concerning driving behavior

Hazard recognition  No. of video
rate observations

Average interval frequency

Before After Before WS (267 After WS (275

WS WS intervals) intervals)
Q. 10 Not paying attention to doors opening when passing parked cars (no. of times) 71.8% 51 29 0.191 0.105
Q. 21 Driving closer to the car in front when it seems as though other cars might try to cut in 81.3% 45 25 0.169 0.091
(no. of times)

Q. 4 Weaving between cars on a congested road (no. of times) 68.4% 15 12 0.056 0.044
Q. 6 Passing when cars turning left/right ahead are stopped (no. of times) 81.0% 5 5 0.019 0.018
Q. 2 Driving motorcycle on sidewalk for a few meters (no. of times) 62.7% 3 2 0.011 0.007
Q. 8 Turning directly in front of an oncoming car when turning left at an intersection (no. of times) 82.6% 0 1 0 0.004
Q. 3 Driving in the wrong direction on a one-way road (no. of times) 80.0% 0 0 0 0

Q. 5 Driving off sooner than other cars after waiting for a traffic light at an intersection (no. of times) 71.8% 0 1 0 0.004
Lane changing (no. of times) 53 132 0.199 0.480
Passing a motorcycle (no. of times) 355 386 1.330 1.404
Being passed by a motorcycle (no. of times) 565 436  2.116 1.585

recognition rate and number of video observations, little relationship is
found between the two, and despite the high proportion of responses
stating that “Q. 10 Not paying attention to doors opening when passing
parked cars” and “Q. 21 Driving closer to the car in front when it seems
as though other cars might try to cut in” are dangerous, these driving be-
haviors were in fact observed. This result shows that assessment of haz-
ard recognition level differs between oneself and others, and there was
no consistency between hazard recognition level and actual driving be-
haviors that avoid danger. On the other hand, the results of the factor
analysis showed that much of the observed driving behavior had to do
with "rushing." Hazard perception tended to decrease slightly when of-
fensive driving behavior was observed in reality; this suggests that
"rushing” had an impact on actual driving behavior.

4.3. Comparison of driving behavior before and after WS by attribute

To examine the effect of the WS on driving behavior, the average
number of occurrences of the three driving behaviors indicating driving
conditions were compared before and after the WS according to gender
and student category. The results (Figs. 5-7) show a change before and
after the WS in the attribute groups other than female high school stu-
dents, and the average number of occurrences of “lane changing” and
“passing a motorcycle” increased greatly among the male high school
students and female college students. However, in the male college stu-
dent group, although there was little change in “lane changing,” the av-
erage number of occurrences of “passing a motorcycle” was roughly
halved. These changes are considered to be effects of the traffic safety
WS, and specifically, the skills training is thought to have had an effect
on aggressive behavior and the hazard anticipation training on defen-
sive behavior.

0.9
0.8
0.7
0.6
0.5
0.4

0.3

0.2

0.1 J I I

0.0 |

Before After WS| Before After WS| Before After WS| Before After WS
WS WS WS WS

No. of lane changes / Total no. of intervals

High school student |  College student | High school student | College student

Male Female

Fig. 5. Comparison of the average number of occurrences of lane changing in an interval by
individual attribute.

4.4. Analysis of effect of WS on driving behavior

To statistically verify the effect of the WS on driving behavior, a
Poisson regression analysis of driving behavior frequency was carried
out using a WS dummy variable, interval length, vehicle density, aver-
age interval speed, and individual attributes as explanatory variables.
The results (Table 10) show that the frequency of lane changing and
passing a motorcycle increased significantly after participating in the
WS, and the frequency of being passed by a motorcycle, not paying at-
tention to doors opening when passing parked cars (Q. 10), and driving
closer to the car in front (Q. 21) decreased significantly after participat-
ing in the WS.

Vehicle density was shown to affect specific driving behavior, such
as "passing a motorcycle" and "passing between cars on a congested
road (Q.4)." On the other hand, high average interval speed resulted in
an increase in "passing a motorcycle,” while items such as "passed by
motorcycles," "does not mind doors opening when passing a parked ve-
hicle (Q.10)," and "reduces space between cars when another vehicle
attempts to cut in (Q.21)" declined.

In terms of individual attributes, "being passed by a motorcycle" was
frequent, while "does not mind doors opening when passing a parked
vehicle (Q.10)" and "reduces space between cars when another vehicle
attempts to cut in (Q.21)" were infrequent among women. Among col-
lege students, "being passed by a motorcycle" was frequent, while
"passing between cars on a congested road (Q.4)" and "does not mind
doors opening when passing a parked vehicle (Q.10)" were infrequent.
Drivers with over a year of experience reported frequently "passing a
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Fig. 6. Comparison of the average number of occurrences of passing a motorcycle in an
interval by individual attribute.
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Fig. 7. Comparison of the average number of occurrences of being passed by a motorcycle
in an interval by individual attribute.

motorcycle” and "reducing space between cars when another vehicle
attempts to cut in (Q.21)," while "being passed by a motorcycle" was in-
frequently reported.

In light of the analysis above, assuming that the WS enabled im-
provements in both hazard perception and driving skills, "lane chang-
es," "passing a motorcycle,” and "being passed by a motorcycle"
changed due to improvements in both hazard perception and confi-
dence in driving skills, while driving behaviors such as "does not mind
doors opening when passing a parked vehicle (Q.10)" and "reducing
space between cars when another vehicle attempts to cut in (Q.21)"
changed due to improvement in hazard perception. Behaviors such as
"changing lanes," "passing a motorcycle," and "being passed by a motor-
cycle” may have been caused by multiple psychological factors; "passing
a motorcycle" and "being passed by a motorcycle” are affected by "driv-
ing experience" and are therefore due to improved confidence in driving
skills. Vehicle density, which represents traffic conditions, only affected
"passing a motorcycle" and "passing through a congestion," and these
driving behaviors are unique to road congestion that also causes rush-
ing. Providing a consistent explanation is difficult for attributes, but

Table 10
Results of analysis of driving behavior on arterial roads.
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"passing between cars on a congested road (Q.4)" and "does not mind
doors opening when passing a parked vehicle (Q.10)" were both unique
to high school students and may be due to immaturity of their driving
skills.

Next, a Poisson regression analysis was performed on the frequency
of driving behavior occurring in four individuals for whom video moni-
toring was conducted before and after WS; a WS dummy, interval
length, vehicle density, and average interval speed were used as explan-
atory variables. In the results (Table 11), WS dummy was no longer sig-
nificant (in comparison to Table 10) for "being passed by a motorcycle,”
"cautious of car doors," and "reducing space between cars," which was
due to the scarce number of samples. However, an increased impact
was observed after WS for "lane changes" and "being passed by a motor-
cycle,” similar to Table 10, and changes in driving behavior were
brought about due to improvements in both hazard perception and con-
fidence in driving skills during the WS.

4.5. Analysis of effect of WS on travel speed

To examine the effect of the WS on travel speed, a multiple regres-
sion analysis was carried out on 542 non-intersection intervals on arte-
rial roads with a median strip and 2 lanes in each direction, using
average interval speed as the response variable and vehicle density, in-
dividual attributes, etc. as explanatory variables. The results (Table 12)
show that travel speed decreased by approximately 2 km/h after the
WS. Overall, the analysis showed that, although traffic conditions are
the dominant factor in travel speed, with vehicle density having the
greatest effect on speed reduction, travel speed is high in the “male”
and “college student” attribute groups, and even considering traffic
flow, speed differences between attributes vary widely.

Next, a multiple regression analysis was performed using WS
dummy, vehicle density (Table 13), and average interval speed as re-
sponse variables for four individuals (a Total of 133 intervals) who
were monitored on video before and after the WS, with individual attri-
butes removed. The results (Table 13) showed that a significant differ-
ence was not observed for the WS dummy, while a significant
difference was observed for sign conditions, similar to Table 12.

Lane changing Passing a Being passed by a Weaving in Passing cars Attention to doors  Driving closer
motorcycle motorcycle congestion opening
Coefficient t-value Coefficient t-value Coefficient t-value Coefficient t-value Coefficient t-value Coefficient t-value Coefficient t-value

Constant —0.78 -1.16 —1.21 —3.52° 454 18.86° —2.28 —138 —0.97 —0.37 2.68 2.91° 0.67 0.71

log (Interval 0.98 939" 125 24.42° 114 25.82°  1.00 318>  1.05 2.06° 0.86 480°  1.04 6.54°
length (km))

Average vehicle 0.77 0.83 3.13 6.67° —0.56 —1.47 8.00 4.08° 0.20 0.05 —2.13 —146 2.26 1.88
density

Average interval ~ 0.02 156 0.06 1204 —0.07 —11.50" -0.01 —039 —0.04 —0.64 -0.07 —3.27° -0.06 —3.19°
speed (km/h)

Female dummy -0.38 —1.75 0.08 0.88 0.45 6.11° -0.46 —0.88 —0.04 —0.04 -0.81 —2.48" -0.66 —2.25%
variable

College student —0.13 —0.81 —0.05 —0.63 0.52 7.12° —1.10 —263> —1.36 —-191 —-0.78 —3.05° 0.03 0.12
dummy variable

More than one 0.22 0.59 0.99 4.48° —0.43 —453" 054 0.82 0.53 0.46 —0.21 —0.64 159 2.63°
year dummy
variable

90-125cc 0.21 0.63 0.30 1.82 —0.47 -5.12° 0.9 0.22 —0.14 —-0.14 -0.21 —0.50 -0.73 —1.93
motorcycle
dummy variable

WS dummy 0.88 484> 020 2.46° —0.23 —327° —052 -1.14 -0.17 —-0.23 —0.64 —2.35* -0.99 —4.18°
variable

Sample size 542 542 542 542 542 542 542

Null deviance 567.98 1885.73 2017.90 164.74 79.85 356.37 347.12

Residual deviance  417.66 931.52 1047.40 113.86 70.26 302.96 24542

@ Significance level 5%.
b Significance level 1%.
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Table 11
Results of analysis of driving behavior for 133 intervals on arterial roads.
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Lane changing Passing a Being passed by a Weaving in Passing cars Attention to doors  Driving closer
motorcycle motorcycle congestion opening
Coefficient t-value Coefficient t-value Coefficient t-value Coefficient t-value Coefficient t-value Coefficient t-value Coefficient t-value
Constant —0.80 —0.59 0.09 0.13 4.40 839" —357 —-1.15 1.20 0.27 —0.79 —043 —1.57 —0.64
log (Interval length ~ 1.08 533> 118 11.71° 127 14.65> 077 1.48 0.74 0.84 0.19 0.54 0.84 2.09°
(km))
Average vehicle —1.51 —0.71 234 215% =207 —2.31" 1033 2257 —4.20 —-0.51 -3.16 —0.97 4.04 1.09
density
Average interval 0.01 0.32 0.05 275>  —0.06 —3.74° 0.02 0.22 —0.10 —0.80 0.00 —0.01 —0.02 —0.34
speed (km/h)
WS dummy variable 1.65 3.17° 040 224 —0.19 —142 —-0.79 —-110 -1.63 —1.26 —0.60 —130 048 0.61
Sample size 133 133 133 133 133 133 133
Null deviance 167.09 392.05 514.98 54.53 22.75 92.42 68.24
Residual deviance 112.25 210.55 298.47 37.19 19.93 88.01 56.41

2 Significance level 5%.
b Significance level 1%.

5. Conclusion

This study performed an analysis of hazard perception and driving
behavior among high school and college students in Phnom Penh,
Cambodia to identify issues related to traffic safety education for motor-
cycles. First, the analysis results for hazard perception showed that
women, college students, and those with over a year of driving experi-
ence had high levels of hazard perception; these results demonstrated
that past research results also apply to young motorcycle drivers in
Cambodia. On the other hand, possession of a driver's license contribut-
ed little to differences in hazard perception, while ideas on subjectively
mild offenses significantly impacted differences in hazard perception,
which suggests that educational opportunities for knowledge and skills
when obtaining a driver's license are not sufficient. With regards to the
contents of education, this study found that subjectively mild offenses
may lead to serious accidents and also that basic rules were not under-
stood sufficiently. A factor analysis showed that "serious offenses,” “sub-
jectively mild offenses,” and "rushing" had significant impacts on
hazard perception, and mindsets regarding these factors had significant
impacts on hazard perception.

Next, an analysis of driving behavior was performed by first compar-
ing hazard perception and actual driving behaviors and then comparing
driving behavior on arterial roads before and after a traffic safety WS.
The WS focused on improving the ability to predict hazards and acquir-
ing basic driving maneuver skills through classroom lectures and on-
site training. The relationship between hazard perception and driving
behavior did not show consistency between the level of hazard percep-
tion and actual frequency of dangerous driving behavior. Many of the
observed driving behaviors were concerned with "rushing,” and such
behaviors tended to be related to slightly lower hazard perception
when actual offensive driving behaviors tended to be observed, which

Table 12
Speed analysis results for 542 intervals on arterial roads.
Coefficient t-value

Constant term 3244 22.03°
Average vehicle density —43.79 —16.02°
Female dummy variable —536 —5.80°
College student dummy variable 2.64 3.73°
More than one year dummy variable 1.03 0.99
90-125cc motorcycle dummy variable —0.72 —0.72
Morning dummy variable —0.31 —0.40
Evening dummy variable —0.47 —0.49
Clear weather dummy variable 1.53 2.10°
WS dummy variable —2.02 —2.71°
Coefficient of determination 0.39
No. of intervals 542

suggested that psychological factors for "rushing" affected hazard per-
ception and further impacted actual driving behavior.

A post-WS comparison of driving behavior on arterial roads showed
that changing lanes and passing a motorcycle increased, while driving
speed decreased. Such changes in behavior are due to an improved abil-
ity to recognize hazards and greater confidence in driving skill following
the WS. This pair of psychological factors may have different impacts on
different attribute groups and driving behaviors in various traffic situa-
tions, but it is nonetheless difficult to clearly separate these impacts
with the methods used in this study. However, if safe motorcycle driv-
ing behavior is defined as "no lane changes even when the adjacent
lane is open, the speed limit is observed, and a safe distance is main-
tained between cars," including psychological state, then the impact of
traffic knowledge and norms, ability to recognize hazards, and confi-
dence in driving skills may be determined from (1) the ability under-
stand and observe basic rules, such as places to drive, (2) the ability to
follow rules and refrain from driving in search of open spaces on the
road, (3) the ability to drive within the speed limit, even when another
vehicle is not ahead, and (4) the ability to drive safely and to avoid haz-
ards by predicting dangers. A detailed description of the state of driving,
including indicators that show traffic conditions, such as vehicle densi-
ty, is essential. Because this study was able to partially show a relation-
ship between driving conditions and driving behavior, an analysis that
focuses on changes in motorcycle driving behaviors is needed in the
future.

In this study, only four samples could be observed in terms of driving
behavior before and after the WS due to various constraints, and there is
a need to investigate a greater number of samples as well as a control
group in the future. This study also assumed driving improvement in
terms of technique and perception after the WS, and by combining
these ability improvements individually, a more effective delivery of
knowledge can be achieved through traffic safety education specific to
motorcycles.

Table 13
Results of speed analysis for four individuals (a Total of 133 intervals).
Coefficient t-value

Constant term 28.77 32.72°
Average vehicle density —37.60 —10.69°
WS dummy variable 0.19 0.21
Passing a motorcycle / km 0.18 2.95°
Being passed by a motorcycle / km —0.08 —2.23
Coefficient of determination 0.49
Number of intervals 133

2 Significance level 5%.
b Significance level 1%.

@ Significance level 5%.
b Significance level 1%.
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