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Abstract: The study aims to determine significant personal and environmental variables
in predicting motorcycle accidents in the Philippines, compare the results with findings in
other countries, and propose possible government interventions. Data were gathered from
177 participants through the use of a survey in a licensing center in the largest city in Metro
Manila. Logistic regression was used to predict the likelihood of an accident from variables
considered in the model. Three variables were found to be significant predictors of motorcycle
accidents: age, driving behavior, and junction type. Younger drivers are more likely to be
involved in accidents. The significance of age was unexpected because similar models found
this to be insignificant. Driving behavior, specifically, committing violation predicts accident
likelihood. Driving at t- and y-junctions also predicts motorcycle accidents. In the Philippines,
a unique set of variables were found to predict motorcycle accidents. Although previous studies
have established the effect of these variables to accident likelihood, the combination was
unforeseen. Government agencies can focus on interventions directed at these three variables.
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1. Introduction

The increasing price of gasoline and traffic
jams on the road made the motorcycle (MC)
a popular choice of transportation in the
Philippines in recent years. The number of
registered MC’s in the Philippines doubled
from 2003 reaching a total of 3.2 million
in 2009 (Abelgas, 2010). As its popularity
increases, however, the number of accidents
related to it also exhibited an increasing trend.

In 2007, the Department of Health reported
that the mortality rate from MC accidents has
reached an alarming rate (Andrade, 2007).
Victims of accidents on the road represent
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30-86% of patients admitted for trauma in
hospitals (De Leon et al., 2005 ). In one of the
biggest public hospitals in the capital city of
the Philippines (UP-PGH), 25% of medico-
legal cases involved vehicular collisions.
The Philippine National Police (PNP) also
expressed concern regarding the increasing
trend in MC accidents indicating that in
January 2010 alone, 209 cases of accidents
have already been recorded (Abelgas, 2010).

Although accidents involving motorcycle
(MC) in the Philippines continue to increase,
only a few studies have been done to investigate
its causes and identify possible interventions
to mitigate the situation. The same situation
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is true for other developing countries in the
ASEAN region. Accident data obtained by
the government were not processed for the
purpose of statistical analysis and prediction
(Asian Development Bank, 2005a). The
National Center for Transportation Studies of
the University of the Philippines investigated
the causes of accidents in Commonwealth
Avenue in Quezon City where accidents are
likely to occur (Libres et al., 2008). The study,
however, did not seek to predict accidents
and considered all types of vehicles and was
limited to only one road as mentioned. The
only variable studied is driver characteristic
which is just one of the factors influencing
accidents. Although there have been some
studies in other countries correlating
environmental and personal variables to
accidents the methods used are descriptive in
nature. Studies done in Thailand (Stephan et
al,, 2011), Vietnam (Hsu et al., 2003 ), Taiwan
(Chang and Yeh, 2007), Malaysia (Hsu et al.,
2003), Germany (Wick et al., 1998), Denmark
(Barsi et al., 2002) and France (Moskal et
al,, 2012) only showed descriptive statistics
of the variables considered and did not seek
to determine which of them are significant
predictors of accident. Prediction models
developed in Indonesia (Indriastuti and
Sulistio, 2010), and Iran (Majdzadeh et al.,
2008) considered accident prediction but the
variables included are very limited. Haque et
al. (2012) considered roadway characteristics,
traffic control measures and environmental
variables in Singapore and their association
with MC crashes but did not take into account
their interaction with personal variables.
Other models developed in literature did not
consider accident likelihood but accident
severity (Yannis et al., 2005; Huang et al.,
2008) and fatality (Yau, 2004).

Conclusions from accident studies in other
countries especially developed ones may not
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be directly applicable to a developing country
like the Philippines due to its uniqueness
in terms of road quality, driver behavior
and safety culture. Compared to its Asian
counterparts, the Philippines has a very low
percentage of roads in good condition and
only 20% of roads are paved (World Bank,
2009). The implementation of traffic laws
is lax and road users are not disciplined.
The same trend may be observed in other
developing countries such as Indonesia and
Vietnam (Asian Development Bank, 2005a;
Asian Development Bank, 2005b; Asian
Development Bank, 2005¢). As such, MC
drivers in these countries encounter more and
unique challenges than drivers in developed
countries. Driving constraints are also distinct
for a particular country.

In Hongkong, for instance, Yau (2004)
investigated five groups of variables that
influence fatality of MC accidents, namely;
region, traffic condition, human, vehicle, and
environment. It was discovered that the day of
the week and time of the accident determine
the severity of crashes. This result may not
be comparable to the Philippines because
in Hong Kong MC drivers mainly drive on
weekends whereas in the Philippines and
other developing countries MC drivers use
the vehicle every day so it is likely that the
time of the week may not be a significant
predictor of accident.

In a related study of Yau et al. (2006) good
lighting condition at night was associated to
severe vehicle crashes, which is unexpected.
This unusual result was attributed to greater
cautiousness of drivers when streets are
unlighted especially at night. Pai and Saleh
(2008), however, had contrasting findings
in UK where unlit street lights showed
increased chance of accident severity.
These contrasting findings warrant further
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investigation on the matter. Drivers’ reaction
to environmental stimuli may differ based
on the context.

In the Philippines, accidents are documented
through the police report form that includes
environment and driver dependent variables
(Flores et al., 2011). Environmental variables
are conditions that potentially influence
the performance of the MC driver but are
uncontrollable such as street lighting, surface
conditions, and road character while personal
variables are usually driver characteristics
such as gender, age, and behavior. The Asian
Development Bank (2005a) has conducted
several studies that characterized accidents
in terms of these variables but accident
likelihood was not predicted. As such, the
reports have not identified which ones are
significant in predicting MC accidents in
similar developing countries such as Vietnam
and Indonesia.

This study aims to identify significant personal
and environmental variables in predicting
MC accidents in a developing country like
the Philippines because it is posited that

Table 1
Model Variables

significant predictors will be different from
those obtained in studies done in other
countries. The difference may be brought
about by distinct road conditions, driver
behavior, and safety culture. The outcome
of this investigation may be used by other
developing countries in improving their safety
programs and help focus government efforts
on dominant predictors of MC accidents.

2. Research Method
2.1. Variables and Measurements

In this study the dependent variable is the
occurrence of accident which is a binary
variable. The value of the variable is 1 if the
participant surveyed encountered an accident
and 0 if it is a near miss.

Several independent variables were considered
as predictors of accidents as enumerated
in Table 1. These variables were chosen
because they are related to policy making on
MC driving. Driving behavior, although not
subsumed by public policy is influenced by
it so it was likewise investigated.

Independent Variables |Variable Code|Variable settings

1. Age A Years

2. Lighting Conditions |LC

1 = Daylight; 2 = Dawn*;
3 = Night with Light; 4 = Night without Light

3. Traffic Movement |TM

1 = One-way*; 2 = Two-way

4. Road Character RC

1 = Straight; 2 = Curve*; 3 = Inclined

1 = Not at Junction; 2 = T-Junction; 3 = Intersection*

S. Junction Type JC 4 = Multiple Junction S = Y-Junction;
6 = Roundabout; 7 = Other
6. Day D 1 = Weekday*; 2 = Weekend

7. Surface Conditions |SC

1=Dry*; 2 = Wet

8. Driving Behavior  |DB

1 = Aggressive*; 2 = Ordinary Violation;
3 = Error; 4 = Lapse

*Reference category for categorical independent variables
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Age the only numerical variable in the
model is quantified in years. The remaining
variables such as lighting conditions, traffic
movement, road character, junction type, day,
surface condition, and driving behavior are
all categorical and were coded in the model.
The settings of these variables were adapted
from literature and data gathered from surveys
done in the Philippines.

Driving behavior was assessed using a modified
version of the Manchester Driver Behavior
Questionnaire (DBQ) where the final results
reveal the driving behavior as aggressive
violation, ordinary violation, error, and lapse.
Violations refer to disregard of rules. These
violations can be ordinary or aggressive with
an intention to hurt others. Errors are actions
that were not planned and related to failures
of observation and judgment while lapses
refer to failures in memory and attention
(Davey et al., 2007; Lajunen and Summala,
2003). The questions used were modified to
facilitate understanding of the participants and
translated in the local language. Only questions
applicable in the context of MC driving were
used as part of the data gathering. Questions
for driver behavior were rated according to a
frequency scale (1-lowest up to S highest).

For the other factors considered in the study,
multiple-choice questions were formulated
with the variable levels as choices. The first
question specifically asked if the participant
had been involved in a MC accident.

2.2. Participants

Motorcyclists renewing their license in the Land
Transportation Office (LTO) were recruited as
survey participants. No specific age range was
targeted; all motorcyclists encountered were
asked to answer the survey since age was also
considered in analyzing the occurrence of MC

ijtte. 176

accident. In addition, all participants have at
least three-year experience of driving because
their licenses are subject for renewal which is
done every three years. Driving experience
served as screening variable for participants and
had minimal variation among motorcyclists.
Considering the screening criteria used in the
study, only 70% of MC drivers renewing their
license is qualified. About 80% of qualified MC
drivers participated in the survey. The other
20% did not participate due to time constraints.

2.3. Procedure

A survey was conducted at the Renewal
Licensing Center of the Land Transportation
Office (LTO) where MC drivers renew their
license. All licenses subject for renewal were
checked to determine if the driver uses a MC.
Identified MC drivers were courteously asked
if they want to participate in the survey. They
were assured that their answers will be kept
confidential. Since it was desired to model
accident likelihood among MC drivers in
the Philippines using logistic regression,
data were obtained from two groups of MC
drivers: those who had accidents and without
accidents. Drivers who agreed to participate in
the survey were asked to recall a MC accident
they encountered in the past. In case they have
been involved in multiple MC accidents, they
were asked to recall the most recent one when
they answer the survey. If the participant did
not encounter any accident, they were asked
to recall a “near miss”. In this study, a non-
accident event is defined as a near miss which is
a situation when the driver almost experienced
an accident. Just like an accident, a near miss
is memorable to the driver and as such s/
he can still recall the details of the situation.
The definition of a near miss incident was
clarified to the participants before the survey. A
briefing script was used to ensure uniformity in
providing information. In case they had many
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near misses they were asked to recall the most
recent near miss experienced. Drivers who did
not have accidents or near misses were excluded
from the survey. One hundred seventy-seven
(177) drivers participated in the survey, 78 of
which experienced accidents and the other 99
experienced near-misses.

All willing participants were given a survey
form to answer. Before allowing the participant
to leave, the survey was checked to ensure that
all questions were answered properly. No time
limit was given to avoid any pressure.

2.4. Statistical Model

Logistic regression was used in predicting the
chance of accidents. It is a technique used to
predict a dependent variable on the basis of
continuous and/or categorical independents.
The general purposes of logistic regression,
which are: to determine the effect size of
the independent variables on the dependent
variable, rank the relative importance of
independents and, understand the impact of
covariate control variables (DeMaris, 1992).

Logistic regression predicts the log odds of the
dependent event. The “event” is a particular
value of y, which is the dependent variable. By
default, the event is y = 1 for binary and the
reference category is 0. The logistic regression
equation is expressed in Eq. (1) as:

8(x) =B, + B X, +BX, + ... BX, ()
where,

g(x) = the log odds of the dependent variable.
Individual predictors of the model were tested
using Wald’s test while the goodness of fit of the

model obtained was assessed using Hosmer-
Lemeshow (HL) test which follows a chi-

square distribution. Large p-value for the HL
test indicates model significance which means
the logistic model may be used to predict actual
outcomes (Hair et al., 2010). A more detailed
discussion of logistic regression may be found
in Al-Ghamdi (2002).

3. Results
3.1. Descriptive Statistics

The average age of participants is 35 years. The
youngest is 20 and the oldest is 62. There were
78 participants who encountered accidents
(A) and 99 with near misses coded as “no
accident” (NA) for a total of 177. Participants’
profile in terms of the independent variables
investigated can be seen in Table 2.

Based on gathered data, accidents were
more prevalent on weekdays and daytime.
They are also likely to happen at dry and
straight roads. Consistent with expectations,
drivers that exhibit aggressive behavior are
usually involved in accidents. The presence
of T-junctions and no-junctions contribute
more to accidents although there were more
accidents in T-junctions.

3.2. Model Development

The effects of environment and personal
variables to accidents were modeled using
logistic regression. Variables were tested for
multicollinearity but none of them were found
to be correlated. All the explanatory variables
were fitted into the model with no interactions
at first (saturated model) and then reduced to
include only variables that were found to be
significant. Based on the results of the logistic
regression, significant variables found were
age (p < 0.1), driver behavior and junction
type (p < 0.0S) while controlling for other
variables. Wald statistic was computed as it is
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Table 2
Participants’ Profile
Variables | No Accident (99) | Accident (78) | Total (177)
Road condition
Straight 33% 28% 61%
Curved 15% 12% 27%
Inclined 8% 4% 12%

Traffic movement

1 way 15% 13% 28%
2 way 41% 31% 72%
Lighting condition
Daylight 27% 24% 51%
Dawn 3% 4% 7%
Night with light 17% 9% 26%
Night without light 8% 8% 16%
Surface condition
Dry 33% 29% 62%
Wet 23% 15% 38%
Day of the week
Weekday 35% 31% 66%
Weekend 21% 14% 34%
Junction type
Not at junction 19% 16% 35%
T-junction 12% 18% 30%
Intersection 9% 3% 12%
Multiple junction 3% 2% 5%
Y-junction 2% 3% 5%
Roundabout 4% 1% 5%
Other 6% 2% 8%
Driving behavior
Aggressive 16% 16% 32%
Ordinary 6% 10% 16%
Error 8% 6% 14%
Lapse 25% 12% 37%
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the counterpart of t-test in logistic regression.
It gives the statistical significance of each
coefficient (Hair et al., 2010). Based on Wald’s
test, the coefficients of age, lapse, no-junction,
T-junction, and Y-junction are significant. The
estimated coefficients, standard error, odds ratio,
and Wald’s statistic are shown in Table 3.

Interaction between variables was explored in
this study based on literature and unique driving
situations in the Philippines. Interactions were
investigated by adding possible interaction
terms to the full model (with three significant
variables). If the interaction is significant, the
deviance of the interaction model should be
significantly large at 0.05 level. One interaction
explored after deriving the reduced model is

between age and junction type because older
drivers although well-experienced tend to have
problems perceiving approaching vehicles at
junctions (Clarke et al., 2004). This may be
attributed to a decrease of perceptive ability
brought about by age. The interaction, however,
was not found to be significant (p = 0.51) based
on the ¥ test of deviance.

The interaction between age and driving
behavior was also investigated because
younger drivers tend to exhibit risky
behavior in the Philippines as in other
countries (Chang and Yeh, 2007). The
interaction term was also found to be
insignificant (p = 0.80). Thus, all interaction
terms were not included in the final model.

Table 3
Estimated Coefficients, Standard Error, Wald Statistic and Odds Ratios of Reduced Logit Model
Variable Estimated Std Error p-value Odds Ratio Wald’s
Coeff
Age (A) -0.036 0.017 0.038 0.96 -2.118
Error (DB2) -0.496 0.54 0.359 0.61 -0.919
Lapse (DB3) -0.97 0.414 0.019 0.38 -2.343
Ordinary
violation 0.530 0.511 0.300 1.70 1.037
(DB4)
Multiple (JTZ) 1.14§ 0.887 0.197 3.14 1.291
No junction 1.361 0.604 0.024 3.90 2.253
(JT3) . . . . .
Other (JT4) 0.318 0.862 0.712 1.37 0.369
Roundabout
-0.913 1.198 0.446 0.40 -0.762
(JTs)
T-junction
1.796 0.61 0.003 6.03 2.944
(JT6)
Y-junction
1.835 0.913 0.044 6.27 2.010
(JT7)
Constant 0.182 0.818
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3.3. Logit Model

Based on the previous analysis, the logit model with the significant terms is shown in

Eq. (2) as follows:

g(x) =0.18 - 0.04(A) - 0.50(DB2) - 0.97(DB3) + 0.53(DB4) + 1.14(JT2)
+1.36(JT3) + 0.32(JT4) - 0.91(JTS) + 1.80(JT6) + 1.84(JT7) (2)

4. Discussion

This study only considered MC accidents
that occurred and reported in Quezon City,
Philippines. Three variables were found to
be significant in predicting the likelihood
of MC accidents: age, driving behavior, and
junction type. Based on the negative parameter
estimate obtained for age, younger drivers are
more likely to be involved in accident which is
consistent with majority of accident studies.
The significance of age may be attributed to
young drivers’ higher tendency for engaging in
risky behaviors such as speeding and overtaking.
The significance of age as an accident predictor
warrants further investigation. It is crucial
to know unique behavioral characteristics
of young Filipino MC drivers that influence
accident occurrence which is not observable
in other countries.

Among the variables included in this study,
age is one that is not affected by economic
and political factors related to a country. The
significance of age in the current model was
unexpected since accident prediction models
obtained in other developing countries such as
Indonesia (Indriastuti and Sulistio, 2010) and
Iran (Majdzadeh et al., 2008) considered age
as an independent variable but turned out to
be statistically insignificant. The influence of
age in previous studies was overshadowed by
other variables such as gender, behavior and
driving knowledge which were not included
as variables in the current study.
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Driving behavior was also found to be a
significant predictor of MC accidents. The
base level used in the model is aggressive
behavior and as can be seen in Table 3, lapse
is the most significantly associated with MC
accident although its odds ratio is only 0.38.
Lapse is defined as an action done related
to attention and memory failures (Lajunen
and Summala, 2003). The small odds ratio
indicate that accident is less likely to occur
if driving behavior is characterized by lapses.
Ordinary violation has the highest odds ratio
at 1.7 indicating that the odds of encountering
a MC accident due to ordinary violation are
1.7 higher than aggressive violation. Violation
has been defined by Reason et al. (1990) as
“deliberate deviations from those practices
believed necessary to maintain the safe
operation of a potentially hazardous system”.
Based on data gathered by the MMDA in 2005
and 2006 the most common cause of MC
accidents is speeding violation followed by
inattentiveness (Metro Manila Development
Authority, 2009). Literature on the use of the
Driver Behaviour Questionnaire documented
the prevalence of violations rather than errors
in the occurrence of crashes (Lajunen et al.,
2004). In Taiwan, a similar study showed that
negligence of potential risk and violation are
associated with increased accident (Chang and
Yeh, 2007) while in Indonesia disobedience
to traffic rules was not a significant accident
predictor. The foregoing comparison with
other studies suggests that violation and lapses
are important predictor of MC accidents both
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in developed and developing countries with
the exception of Indonesia.

Junction type was also found to be significant
in MC accidents in the Philippines especially
at T- and Y-junctions. This may be attributed
to the problem of not perceiving a MC
while turning at a junction especially if the
automobile driver is in a hurry. Unlike in
Malaysia (Radin et al., 1996) and Singapore
(Wu, 2000) the Philippines has no daytime
running headlight policy which aggravates
the problem of seeing MC’s during the
day. Moreover, while driving in junctions,
MC drivers need to skillfully maneuver the
vehicle. Manoeuvring requires speed and
accuracy of movement so as not to collide
with oncoming vehicles. A driver who is not
alert or inattentive tends to execute wrong
motions that can lead to accidents. Crundall
etal. (2008) found that when perception time
is limited, a driver who looked may not see
an oncoming MC from afar.

It is noteworthy that many variables were
found to be insignificant in this study such
as lighting condition, surface condition, road
character, traffic movement, and day of the week
although they figured to be significant in other
studies. Their insignificance may be explained
by the uniqueness of data obtained from the
Philippines, the methodology employed, and
the response variable in the model.

The hypothesis posited at the beginning of
the paper was partially validated by the results
obtained in the logistics regression. Since the
p-values obtained for age and junction-type are
less than 0.0S the alternative hypothesis that
these two are significant predictors of accident
likelihood is accepted. They are significant
predictors of MC accidents in this study when
they were found to be insignificant in similar
models found in other countries. Only the

effect of driving behavior was found to be
consistent with similar prediction studies
especially on violations.

The government can use the outcome of this
study to propose new laws that will improve MC
riding safety. Accidents in traffic junctions can
be minimized by improving the conspicuity of
MC drivers. Other countries have implemented
the policy of running with headlights on but
the Philippines failed to follow.

The use of speed cameras may also be
considered at junctions to discourage drivers
from speeding upon approach of the junction.
The effectiveness of this measure was confirmed
by a number of researchers in minimizing
red light violations (Chin, 1989; Lum and
Wong, 2003). The Philippine government
can install speed cameras at a number of major
intersections and gather data to evaluate its
effectiveness in solving speeding problems
and minimizing other traffic violations. If
they are proven to be effective in modifying
the behavior of drivers the government can
invest in the installation of these cameras at
all intersections especially those that have
history of high incidence of accident.

5. Conclusion

The study modeled the likelihood of MC
accidents using logistic regression. Results
showed only three significant variables: age,
driving behavior, and junction type. Unlike
results obtained in other developing countries,
age is an important factor for predicting MC
accidents in the Philippines. Younger drivers
are more likely to be involved in accidents.
Although age had been considered in previous
studies, it was not used to predict accidents.
The finding about age may be used by the
government to focus its efforts on intensively
educating young drivers about road safety
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and the importance of following rules on
the road.

Contrary to expectation, among the driving
behaviors studied in the study aggressiveness
did not contribute much to accident
probability compared to lapses. There is
a greater chance of accident at t-junctions
in particular because of the difficulty of
movement and the failure of other motorists
to notice MC drivers. Possible interactions
were explored such as age and driving
behavior, age and junction type, and driving
behavior and junction type but did not show
statistical significance. Thus, the effects of the
significant factors obtained were interpreted
independently.
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LOGIT MODEL SAOBRACAJNIH
NEZGODA SA MOTOCIKLISTIMA NA
FILIPINIMA BAZIRAN NA PSIHOFIZICKIM
KARAKTERISTIKAMA VOZACA |
FAKTORIMA OKRUZENJA

Rosemary R. Seva, Glaiza Marie T.
Flores, Maria Patricia T. Gotohio, Noel
Gabriel C. Paras

Saietak: U radu su prikazani rezultati
studije koja je imala za cilj da utvrdi znacaj
psihofizi¢kih karakteristika vozaca i faktora
okruzenja na predvidanje saobracajnih
nezgoda sa motociklistima na Filipinima, da

ijtte. 184

uporedi rezultate sa rezultatima dobijenim u
drugim drzavama, kao i da predlozi eventualne
moguce upravljatke mere. Podaci su prikupljeni
anketiranjem 177 osoba u licenciranom centru,
u najve¢em gradu u Metro Manili. Logisticka
regresija je kori$¢ena za predvidanje verovatnoce
saobracajne nezgode na osnovu promenljivih
koje su razmatrane u modelu. Utvrdeno je
da su tri promenljive imale znacajan uticaj
na predvidanje saobracajnih nezgoda sa
motociklistima: starost, ponasanje voza¢a tokom
voznje i tip raskrsnice. Utvrdeno je vece ucesce
mladih vozaca u saobracajnim nezgodama.
Znacaj starosne dobi je bio neocekivan, a s’
obzirom da sli¢ni modeli nisu ukazivali na
znacaj ove promenljive. U radu je pokazano
da ponasanje tokom voznje, konkretno,
¢injenje prekrsaja ima uticaja na nastanak
saobracajne nezgode. Voznja T i Y raskrsnicama
takode utic¢e na predvidanje saobracajnih
nezgoda sa motociklistima. Na Filipinima
je utvrden jedinstven skup promenljivih na
osnovu koga je moguce predvidati nastanak
saobracajnih nezgoda sa motociklistima. Iako
su prethodna istrazivanja ukazala na uticaj
ovih promenljivih na nastanak saobracajnih
nezgoda sa motociklistima, u radu je utvrden
znacaj kombinacije sve tri promenljive. Rezultati
istrazivanja u pogledu ove tri promenljive mogu
posluziti upravlja¢kim strukturama u cilju
usmeravanja neophodnih mera.

Kljuéne reci: saobracajna nezgoda sa
motociklistom, psihofizi¢ke karakteristike
vozaca, faktori okruzenja, logisti¢ka regresija.



