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Abstract: Motorcycles have been the most popular transportation mode in Taiwan. However, 
each year over 1,000 people lost their life in motorcycle accidents. The high accident risk and 
high risk of severe injury associated with motorcycle riding have not drawn considerable 
attention until a few years ago. In order to reduce the number of injuries and fatalities in 
motorcycle accidents, traffic authorities adopted the mandatory helmet use law on June 1, 
1997. One-year motorcycle accident data were collected to analyze the injury severity and 
helmet use characteristics and also to evaluate the effectiveness of the mandatory helmet use 
law. These analyses were done by applying logit modeling approach and before-and-after 
comparisons. The estimation results of logit models uncover important relationship between 
various risk factors and injury severity and identify a broad range of factors influencing 
motorcycle helmet use. The before and after comparisons further show that effort to reduce 
motorcycle casualties by adopting mandatory helmet use law is justified. 
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1. INTRODUCTION 
 
Motorcycles have been the most popular transportation mode in Taiwan. The total number of 
motorcycles was about 2 millions in 1977, but rapidly increased to 10 millions in 1997. The 
total number of motorcycles is still increasing, but the increase rate has been slowing down 
for the past few years due to the popularity of automobiles. Motorcycles still count for 65% of 
total motor vehicles in Taiwan. Affordability and convenience are the two primary advantages 
that make motorcycles so popular in Taiwan. On the average, the costs of purchasing a 
motorcycle are only 5% of those for purchasing an automobile. Fuel and maintenance costs 
are also much lower than those of an automobile. In addition, motorcycles require a smaller 
lane and parking space, which well suits the congested traffic conditions in Taiwan urban area.  
People riding a motorcycle never have a trouble of finding a parking space. By riding in the 
mainline traffic, or on the shoulder or sidewalk, riding a motorcycle also seldom gets caught 
in traffic. Although low income people (e.g., students) are the primary group using 
motorcycles, people at all income levels are potential groups to use motorcycles as their major 
transportation means for regular commuting.  
 
Despite of the affordability and convenience advantages of motorcycles, motorcycles have 
comparatively high accident risk and high risk of severe injury. Motorcycle safety issues have 
not drawn considerable public attention until a few years ago due to the increasing conflicts 
between motorcycles and other vehicles. Unlike driving a car, riding a motorcycle does not 
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receive any good protection from the vehicle. Motorcycle riders can easily get injured or even 
killed in a slight collision with other vehicles. For example, in the one-year study period 
(between December 1996 and November 1997), 1,153 people lost their life (counted for 35% 
of total people killed in all traffic accidents) and 13,568 people were injured in motorcycle 
involved accidents. As many relatively minor accidents remain un-reported, the actual number 
of injuries and the total number of motorcycle accidents are understated. Among those people 
killed in motorcycle accidents, 73% of them had head injury. This high risk of severe injury 
associated with motorcycle riding finally pushes Taiwan traffic authorities to adopt some 
measures to reduce the motorcycle accidents and injury severity. Among those measures, the 
mandatory helmet use law was introduced on June 1, 1997. 
 
In order to provide more insight of motorcycle accident characteristics, the first objective of 
present study is to identify the risk factors that contribute to injury severity in motorcycle 
accidents. This is done by using logit modeling approach. In addition, this study also attempts 
to evaluate the effects of mandatory helmet use law on motorcycle accidents. The analysis 
includes the comparisons of the numbers of injuries and fatalities in motorcycle accidents 
before and after the mandatory helmet law was put in effect. Followed this analysis, this study 
extends the analysis by applying logit modeling approach to investigate the changes of helmet 
use characteristics for motorcycle riders. By doing so, it is hoped to provide valuable 
information to traffic authorities to make better plans in promoting motorcycle helmet use. 
This paper begins with a review of previous literature and then presents methodological 
approach. This is followed by a description of data and model estimation results of the injury 
severity in motorcycle accidents. The evaluation of effects of mandatory helmet use law on 
motorcycle accidents and analysis results of helmet use characteristics are then discussed. The 
paper concludes with a discussion of implications of findings and directions for future studies.  
 
 
2. LITERATURE REVIEW 
 
Past research on motorcycle accidents has primarily focused on the issues of the effectiveness 
of helmet on reducing head injury and injury severity (Cheniner and Even, 1987; Bachulis et 
al., 1988; Gabella et al., 1995), and identifying the groups of riders at a greater accident risk 
(Langley et al., 1994). However, many of above studies were conducted using a univariate 
approach, and focused on some risk factors, such as helmet use or riders’ age, and then tried 
to determine their relationship with injury severity. The causes leading to the injury severity 
levels are always complicated by presence of multiple factors, including rider’s characteristics 
(e.g., gender, age and use of restraint systems), environmental factors (e.g., weather 
conditions), roadway designs (e.g., curve and grade) and other factors (e.g., collision types). 
Isolating some factors for analysis and treating others as fixed does not allow one to obtain a 
complete understanding of the underlying causes of injury severity in motorcycle accidents. 
 
Weiss (1992), Shanker and Mannering (1996) and Quddus et al. (2002) made an first step in 
motorcycle injury severity analysis by using multivariate approaches. For example, Weiss 
(1992) applied an ordered probit model to study head, neck, and body injury for the 
motorcycle accidents. Shankar and Mannering (1996) employed a multinomial logit model to 
analyze single-vehicle motorcycle accident severity. Their analysis results successfully 
identified many risk factors for severe motorcycle accidents, and also showed multinomial 
logit formulation is a promising approach to evaluate the determinants of injury severity in 
motorcycle accidents. Mannering and Grodsky (1994) also employed a multinomial logit 
model to analyze the motorcyclists’ perceived accident risk. Their findings indicate that most 
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motorcyclists are generally aware of the factors that contribute to accident risk. On the other 
hand, multivariate analysis approaches have been commonly applied in automobile and truck 
accident severity analysis. One commonly used model is the logistic regression (Shibata and 
Fukuda, 1994; Al-Ghamdi, 2002; Yau, 2004). Other analysis approaches, such as ordered 
probit and logit modeling approach (O’Donnell and Conner 1996; Kockelman and Kweon, 
2002; Abdel-Aty, 2003), discriminant analysis (Shao, 1987), and nested logit model (Shankar, 
et al., 1996; Chang and Mannering, 1999) were also applied. Due to the several similarities 
between motorcycle accidents and automobile accidents, these past studies have provided 
valuable empirical insights and analysis methodologies for this study. 
 
 
3. METHODOLOGICAL APPROACH 
 
Figure 1 gives the structure describing the analysis of injury severity (in this case no injury, 
injury, and fatality) conditioned on the fact that a motorcycle accident has occurred. It should 
be noted that the injury classification is made according to the rider injury only. The 
passenger injury (if any) is not considered due to the data format, which makes it difficult to 
determine the injury severity level by considering both riders and passengers. Given these 
three discrete severity categories, a statistical model can be derived to determine the 
probability of an accident having a specific severity level by starting with the following 
probability statement, 
 

Prn(i) = Pr(Sin ≥ SIn)  ∀ I ≠ i        (1) 
 
where Prn(i) is the probability of involved motorcycle n having injury severity category i, Pr 
denotes probability, Sin is a function of attributes that determine the probability of having 
severity likelihood i for the involved motorcycle n, and I is the set of possible severity 
categories. Given these severity categories, a conditional model of injury severity is 
formulated by letting Sin define a linear function of variables that determine the severity 
likelihood such that, 
 

Sin = βiXn + εin           (2) 
 
where Xn is a vector of measurable characteristics that determine the injury severity (e.g., 
driver age, driver gender, weather conditions, collision type and so on), βi is a vector of 
statistically estimable coefficients, and εin is an error term that accounts for unobserved 
factors influencing injury severity. 
 
Given equations 1 and 2, the following can be written, 
 

Prn(i) = Pr(βiXn + εin ≥ βIXn + εIn)  ∀ I ≠ i     (3) 
or, 

Prn(i) = Pr(βiXn - βIXn ≥ εIn - εin)  ∀ I ≠ i      (4) 
 
With Equation 4, an estimable severity model can be derived by assuming a distributional 
form for the error terms. It can be shown that if εin's are assumed to be generalized extreme 
value (GEV) distributed, then the probability of an involved motorcycle rider being no injury, 
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injury or fatality is given by the standard multinomial logit model, 
 

( ) [ ] [ ]Pr exp expn i n I n
I

i  =  β X ∑ β X        (5) 

 
where all variables are as previously defined. The coefficient vector βi is estimable by 
standard maximum likelihood techniques as discussed by McFadden (1981). 
 
 

FatalityInjuryNo injury 

 
 
 
 
 

Figure 1. Logit Modeling Structure for Motrocycle Accdients 
 
 
4. DATA DESCRIPTION 
 
The primary source of accident data was National Traffic Accident Investigation Reports 
supplied by the Ministry of Transportation and Communications. The data were obtained in 
computer-ready form, which included coded information on all reported accidents that 
occurred in Taiwan area during the one-year period between December 1996 and November 
1997. Because June 1, 1997 was the day that mandatory helmet use laws was actually 
enforced, the use of this one-year data, containing 6 month records before and after the 
enforcement date, will allow for before and after analysis of the effectiveness of mandatory 
helmet use law on motorcycle accidents. The coded information for each accident contains 
important attributes describing the conditions causing the accident and resulting severity. 
Individual accident data include information on the injury severity level of each involved 
individual, time of accident (e.g., month, date, hour), involved driver (e.g., age, gender, and 
rider sobriety at the time of accident) and involved vehicle (e.g., vehicle type). Roadway data 
include information on accident location associated with the traveled roadway (e.g., 
functional classification). Weather data include the weather conditions prevailing when the 
accident occurred such as clear, rain, or fog. Pavement surface data include the pavement 
conditions at the time of accident such as wet or dry pavement. Accident-related data include 
information on the primary causes, driver/vehicle actions (e.g., passing), and collision types. 
Other important data include restraint systems used by the rider and passenger at the time of 
the accident. 
 
In this one-year accident data, accident information on a total of 18,645 involved motorcycles 
was recorded. After screening out the records with incomplete and questionable information, a 
database of 18,413 motorcycles was developed for this analysis. Of the 18,413 motorcycles, 
3,692 motorcycles were involved in no injury accidents, 13,568 motorcycles were involved in 
injury accidents, and 1,153 motorcycles were involved in fatal accidents. Table 1 provides the 
information on the injury severity distribution by some key variables, such as helmet use, 
rider characteristics, and environmental conditions. It is important to note that the number of 
no injury accidents only counts for a small proportion of motorcycle accidents (20% in this 
case). This might indicate that motorcycle accidents have much higher risk of being injured or 
even killed in the crashes. 
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Table 1. Distribution of Injury Severity by Key Variables 

Severity frequency 

Accident Conditioning Variables 
No injury 

3692   
(20.1%) 

Injury    
13568    

(73.7%) 

Fatality    
1153     

(6.3%) 

Helmet used 1203    
(16.4%) 

5758    
(78.4%) 

387     
(5.3%) Helmet 

usage Helmet not used 2369    
(22.2%) 

7545    
(70.6%) 

766     
(7.2%) 

Male rider 2761    
(21.8%) 

8951     
(70.7%) 

947     
(7.5%) 

Gender 
Female rider 852    

(15.1%) 
4576     

(81.2%) 
206     

(3.7%) 

Young rider (21 or younger) 1383    
(22.7%) 

4434     
(72.6%) 

286     
(4.7%) 

Age 
Old rider (65 or older) 70     

(7.7%) 
665     

(72.9%) 
177     

(19.4%) 

Wet 355    
(19.4%) 

1338     
(73.2%) 

134     
(7.3%) Pavement 

condition Dry 3321    
(19.4%) 

12185    
(73.8%) 

1016     
(6.2%) 

Sobriety 
condition Alcohol impaired riding 263    

(21.8%) 
938     

(77.8%) 
4      

(0.3%) 

Single-vehicle accident 172    
(15.6%) 

693     
(62.9%) 

236     
(21.4%) 

Head-on  157    
(14.8%) 

776     
(73.1%) 

129    
(12.1%) 

Sideswipe 628   
(19.0%) 

2506     
(75.8%) 

171     
(5.2%) 

Angle 1804   
(18.9%) 

7354     
(76.8%) 

409     
(4.3%) 

Collision 
type 

Rear-end 358   
(22.8%) 

1110     
(70.6%) 

104     
(6.6%) 

 
 
5. ESTIMATION RESULTS OF INJURY SEVERITY FOR MOTORCYCLE 
ACCIDENTS 
 
Multinomial logit model coefficient estimates for the three severity categories are presented in 
Table 2. The signs of all model coefficients are of plausible sign and model has good overall 
converge with ρ2 of 0.40. Turning to the specific model findings, motorcycle accidents that 
occur on the roadway with speed limit 50 km/h or higher have a greater likelihood of fatality. 
In contrast, motorcycle accidents that occur on the roadway with low speed limits (between 
30 km/h and 50 km/h in this case) are more likely to produce less severe consequence. This 
finding implies high speed limit roads potentially endanger motorcycle riders if an accident 
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occurs. Intersection indicator variable shows that if motorcycle accidents occur at an 
intersection, the likelihood of no injury and injury is significantly increased. Obstruction, an 
indicator for the accident site having obstruction (e.g., construction materials, parked vehicles 
and so on) on the road surface, suggests that the road obstruction can significantly increase 
the severity likelihood of injury and fatality. Sight distance indicator variable represents the 
accidents that occur on the roadway without sufficient sight distance. Insufficient sight 
distance might result from being blocked by other objects (e.g., trees and parked vehicles) or 
inappropriate roadway design, which often happen at curve areas. The finding shows that 
insufficient sight distance can significantly increase the risk of fatality. 
 
Rush hour and night time indicator variables show the accidents that occur during the 
morning and evening rush hours are more likely to be no injury, but the accidents that occur at 
night tend to be severe. These findings are consistent with past studies on other motor vehicle 
accidents and illustrate the relationship between injury severity and traveling speeds 
associated with time of day. Clear weather variable shows that motorcycle accidents occur in 
the clear weather condition have an increased likelihood of no injury and injury. Wet 
pavement variable also shows that motorcycle accidents occur on the wet pavement have an 
increased likelihood of no injury and injury. In addition, dark and dusk indicator variables are 
selected to investigate the effect of light condition on injury severity. The results show that 
insufficient light condition can increase the likelihood of a fatal accident for motorcycle 
riders.  
 
As for the rider characteristics, male riders are more likely to be involved in a no injury or 
fatal accident and young motorcycle riders are more likely to be involved in a no injury or 
injury accident. Old motorcycle riders are more likely to be involved in an injury and fatal 
accident and a likelihood ratio test further indicates the likelihood of a fatal accident is 
significantly higher than an injury accident. These findings might explain that motorcycle 
operation is a complex task, which requires skills, experiences and physical condition. Old 
motorcycle riders appear to have more physical limitations that can significantly increase the 
injury risk. However, inherent risk-taking tendencies, which often result in severe accidents, 
were not found among young motorcycle riders. For the effect of helmet on injury severity, 
the estimation results shows that if the rider uses a helmet, the injury likelihood is most likely 
to be injury. The results also show that the likelihood of fatality is significantly higher than no 
injury. The effectiveness of helmet use on reducing injury severity is a little less effective than 
what it is originally expected. One possible explanation for this is that helmets only provide 
good protection from head injury and hand or leg injury is still likely to occur even in a minor 
accident.  
 
Unqualified rider variable refers to the motorcycle riders who were riding without a proper 
license. The finding shows that unqualified motorcycle riders have a higher risk of being 
involved in an injury and fatal accident. This finding also explains the importance of 
motorcycle licensing scheme. Drunk driving has been the most significant contributing factor 
for severe accidents. But the estimation results only show that drunk riding can only increase 
the likelihood of no injury and injury. One possible explanation for this is that motorcycle 
operation requires good physical coordination. Drunk riders usually have troubles of handling 
a motorcycle and might simply fall off the vehicles (i.e., resulting in no injury or less severe 
injury) before they collide with other vehicles. Whether or not sobriety affects motorcycle 
riders and other vehicle drivers differently would be an interesting direction for future study. 
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Table 2. Estimation of Probabilities of Injury Severity in Motorcycle Accidents 

Variablea Estimated Coefficient (t-statistic)

Constant [I] 1.661   (24.10)

Constant [F] -1.018    (-7.95)

Roadway characteristics 
50+ km/h posted speed indicator (1 if posted speed limit was 50 
km/h or higher, 0 otherwise) [F] 

1.206 (16.18)

30 – 50 km/h posted speed indicator (1 if posted speed limit was 
between 30 km/h and 50km/h) [NI]  

0.252 (4.23)

Intersection indicator (1 if accident occurred in the intersection, 0 
otherwise) [NI, I] 

0.358 (5.01)

Obstruction indicator (1 if accident occurred on a roadway with 
obstruction, 0 otherwise) [I, F] 

0.390 (2.96)

Sight distance indicator (1 if accident occurred on a roadway 
without enough safe sight distance, 0 otherwise) [F] 

0.833 (6.49)

Temporal and Environmental Characteristics 
Rush hour indicator (1 if accident occurred in the rush hours, 0 
otherwise) [NI] 

0.147 (3.29)

Night time indicator (1 if accident occurred in night time, 0 
otherwise) [I, F] 

0.380 (5.84)

Clear weather condition indicator (1 if accident occurred in a 
clear weather condition, 0 otherwise) [NI, I] 

0.561 (6.06)

Wet pavement indicator (1 if accident occurred on a wet roadway 
surface, 0 otherwise) [NI, I] 

0.329 (2.59)

Dark indicator (1 if accident occurred when the light condition 
was dark, 0 otherwise) [F] 

0.957 (7.75)

Dusk indicator (1 if accident occurred when the light condition 
was dusk or dawn, 0 otherwise) [F] 

0.972 (10.24)

Driver and Vehicle Characteristics 

Gender indicator 1 (1 if rider was male, 0 otherwise) [NI, F] 0.509 (12.65)

Young age indicator (1 if rider is at age of 21 or younger, 0 
otherwise) [NI, I] 

0.461 (5.12)

Old age indicator 1 (1 if rider is at age of 65 or older, 0 otherwise) [I] 1.133 (8.22)

Old age indicator 2 (1 if rider is at age of 65 or older, 0 otherwise) [F] 2.160 (13.27)

Helmet wearing indicator 1 (1 if helmet was used, 0 otherwise) [I] 0.391 (10.62)

Helmet wearing indicator 2 (1 if helmet was used, 0 otherwise)[F] 0.225 (3.22)

Unqualified motorcyclist (1 if rider was riding without a proper 
riding license, 0 otherwise) [I, F] 

0.293 (5.63)

aCharacters in the brackets are variables defined for: [NI] no injury, [I] injury, [F] fatality 
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Table 2. (Continued) Estimation of Probabilities of Injury Severity in Motorcycle Accidents 

Variable Estimated Coefficient (t-statistic)

Drunk riding indicator (1 if rider had been drinking and alcohol 
breath testing was over the legal limit, 0 otherwise) [NI, I] 

3.410 (6.78)

50 – 150 cc motorcycle indicator (1 if displacement of involved 
motorcycle was between 50 cc and 150 cc, 0 otherwise) [F] 

0.252 (3.54)

Accident characteristics 
Stopped indicator (1 if accident occurred when the motorcycle 
was stopped at signal or stop sign, 0 otherwise) [NI] 

1.543 (18.98)

Passing indicator (1 if accident occurred when the motorcycle 
was passing other vehicles, 0 otherwise) [F] 

1.139 (5.76)

Crossing indicator (1 if accident occurred when the motorcycle 
was crossing a street or making U-turn, 0 otherwise) [F] 

0.804 (4.66)

Right turn indicator (1 if accident occurred when the motorcycle 
was making right turn, 0 otherwise) [NI] 

0.480 (3.79)

Speeding indicator (1 if ”exceeding the speed limit” was the 
primary cause, 0 otherwise) [I] 

0.149 (2.07)

Disobeying the traffic sign and signal (1 if ”disobeying the traffic 
sign and signal” was the primary cause, 0 otherwise) [I] 

0.245 (3.14)

Following too closely indicator (1 if ”following too closely” was 
the primary cause, 0 otherwise) [NI] 

0.378 (4.40)

Failing to slow down indicator (1 if “failing to slow down 
properly” was the primary cause, 0 otherwise) [NI, I] 

0.628 (3.74)

Failing to grant right of way indicator (1 if “failing to grant right 
of way to vehicle” was the primary cause, 0 otherwise) [NI, I] 

1.290 (5.39)

Inattention indicator (1 if “inattention” was the primary cause, 0 
otherwise) [F] 

0.242 (2.63)

Object struck indicator (1 if parked vehicle or other objects was 
struck in the accident, 0 otherwise) [F] 

1.139 (9.93)

Head-on indicator (1 if the collision type was head-on, 0 
otherwise) [F] 

0.471 (4.18)

Sideswipe indicator (1 if the collision type was same-direction or 
opposite-direction sideswipe, 0 otherwise) [I] 

0.159 (3.30)

Angle collision indicator 1 (1 if the collision type was angle 
collision, 0 otherwise) [I] 

0.181 (3.94)

Number of observations  18413

Log-likelihood at zero -20229

Log-likelihood at convergence -12073

ρ2  0.40
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In Taiwan, the maximum legal limit for motorcycle displacement is 150 cc before 2003. 
Under the Highway Traffic Safety Rules, motorcycles with displacement between 50 cc and 
150 cc are regarded as “heavy motorcycles” and motorcycles with displacement below 50 cc 
are regarded as “light motorcycles”. The motorcycle displacement variable indicates that high 
displacement motorcycles with greater acceleration performance are more likely to be 
involved in fatal accidents. Finally, turning to the estimation results of accident variables, the 
findings of most variables are in general consistent with past studies on injury severity in 
motorcycle accidents and other related studies. The variables that can significantly increase 
the likelihood of a fatal accident include the accidents occur when motorcycles are crossing 
street or passing other vehicles. Head-on and object struck are the two most dangerous 
collision types for motorcycles. But it is important to note that the effects of accident 
variables on injury severity should not be interpreted individually, because the severity 
outcome of an accident is determined by a combination of these variables. 
 
 
6. EVALUATION OF MANDATORY HELMET USE LAW IN TAIWAN 
 
The evidences on the effectiveness of motorcycle helmets to protect motorcyclists against 
severe injury, particularly head injury, are overwhelming. In order to effectively reduce the 
number of people killed and severely injured in motorcycle accidents, mandatory helmet use 
law was adapted on June 1, 1997 in Taiwan. Before the mandatory helmet use law was 
actually enforced, 3 months prior to June 1, 1997 was designated as the warning period. 
During this warning period, violators were given a warning ticket for riding without using 
helmet but no monetary fine. In addition, the government officials attempted to generate 
publicity and awareness of the new law by frequently providing information to media. Actual 
enforcement began on June 1, 1997 and violators were given a ticket for NT500 dollar (about 
15 U.S. dollar) fine. In order to quickly promote the compliance of mandatory helmet use law, 
policemen were widespread to major intersections and roadway sections to enforce this new 
law. As a result, the helmet wearing rate was significantly increased in a very short period, 
particularly in the area with intense enforcement. Although the enforcement has been 
undergoing since June 1, 1997, the effectiveness of this mandatory helmet use law have been 
not carefully evaluated. Therefore, the following analyses will focus on the evaluation of the 
effects of mandatory helmet use law on overall helmet wearing rate and on reducing 
motorcycle accident fatalities and injuries. 
 
6.1 Effectiveness of Mandatory Helmet Use Law on Motorcycle Accidents and Helmet 
Wearing Rate  
 
Figure 2 describes the number of riders involved in motorcycle accidents per month during 
the study period. Although helmets are passive safety devices which provide extra protection 
for the motorcycle riders only at collision and may not have direct effect on preventing 
accidents, the number of motorcycle riders involved in the accidents appears decreasing since 
the mandatory helmet use was enforced, especially the last three months. A t-test shows that 
the number of involved motorcycle riders per month was significantly decreased 
(p-value=0.039). An explanation for this is that better protection of riders’ head reduces injury 
severity and the accident ends up not being reported. Another possible reason is behavior 
changes (e.g., discouraging risk-taking) due to helmet use. Whether helmet use will increase 
or decrease the risk-taking behavior is beyond the scope of this study. It would be an 
interesting issue for future studies. In addition, Figure 2 also provides valuable information on 
helmet wearing rate. Because motorcycle accidents can be treated as random events and the 
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use of helmet is independent of motorcycle accident occurrence, the overall helmet wearing 
rate can be approximately estimated from a motorcycle accident database if all accidents were 
all reported. The average helmet wearing rate rapidly increased from 14.3% to 73.8% after the 
mandatory helmet use laws was enforced, but the average helmet wearing rate remains 
unchanged during the 3 month warning period. This result suggests that policeman 
enforcement is an effective way to make motorcycle riders to comply the traffic laws. 
 
6.2 Effectiveness of Mandatory Helmet Use Law on Reducing Casualties 
 
Figure 3 shows the number of fatalities per month during the study period. It appears that the 
number of fatalities per month remains unchanged. The average number of fatalities per 
month before and after the mandatory helmet use law was in effect was about 96.3 and 95.8, 
respectively. A t-test shows there is no significant difference in motorcycle fatalities before 
and after the mandatory helmet use law being put in effect. Figure 4 shows the number of 
injuries per month during the study period. The number of injuries per month appears to 
gradually decline. The average number of injuries per month before and after the mandatory 
helmet use law was in effect was about 1,263 and 998, respectively and a t-test shows the 
number of injuries was significantly reduced (p-value = 0.042). These comparison results, 
which shows wearing helmet has more significant effect on reducing motorcycle accident 
injuries than on fatalities, may imply motorcycle helmet is only able to protect riders’ life at a 
minor degree of collision. More severe collision (e.g., collided with a large truck or rolled 
over by other vehicles) will kill the motorcycle riders anyway. Although the effectiveness of 
motorcycle helmet are not as promising as expected, it is important to note that the average 
helmet wearing rate for fatal riders (53% after June 1, 1997) is far lower than the overall 
average (73.8% after June 1, 1997). 
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Figure 2. The Monthly Distribution of Involved Riders for Motorcycle Accidents 
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Figure 3. The Monthly Distribution of Fatalities for Motorcycle Accidents 
 
 

Figure 4. The Monthly Distribution of Injuries for Motorcycle Accidents 
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7
RIDERS 
 
A
helmet use law was enforced, a 73.8% average wearing rate is still far below the 
unsatisfactory level (i.e., near 100%) for the government officials. However, efforts to 
promote traffic law compliance in Taiwan have been long constrained by limited police 
enforcement resources, which have been substantially declining relative to the rapid increase 
of motor vehicles on the road. Although using camera to enforce traffic law compliance, such 
as red light running and speeding, has been commonly used in the urban area and on major 
freeways, enforcing the compliance of helmet use law requires the policemen to stop the 
violated riders on the road side. This enforcement strategy is not only labor intensive, but also 
quickly becomes ineffective when frequent violators are familiar with the police enforcement 
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plans. Therefore, enforcing helmet use law requires better strategies. More specifically, use 
less police manpower but produce better results. Under this situation, a better understanding 
of helmet use characteristics for motorcycle riders has become critical in helmet use 
enforcement program. Therefore, this study will extend the analysis to investigate the helmet 
use characteristics for motorcycle riders. 
 
The logit modeling approach specified in the previous section also can be applied to 

urning to the specific coefficient estimates shown in Table 3, it is interesting to exam the 

 addition to the rider’s characteristic variables, the policeman enforcement intensity and 

investigate helmet use characteristics for motorcycle riders. By identifying the groups of 
motorcycle riders with higher likelihood of violating this law, it would be helpful for the 
police to make effective enforcement plans. The motorcycle accident report records many 
important motorcycle riders’ characteristics which could affect their motivation of compliance 
of mandatory helmet use law. In this study, two separate models, one using the data before 
June 1, 1997 and one using the data after June1, 1997, were estimated. It is postulated that 
motorcycle riders’ helmet wearing behavior was significantly changed by the new law. This 
postulation was justified by a likelihood ratio test discussed in the next section. The 
estimation results of binary logit model using the data after June1, 1997 are given in Table 3. 
 
T
effects of motorcycle riders’ characteristics on helmet use first. The gender indicator suggests 
that male riders are more likely than female riders to ride a motorcycle without using a helmet. 
Young riders, particularly at age between 18 and 21, were found more likely than any other 
age groups to ride a motorcycle without wearing a helmet. But, old riders (65 years old or 
older) are identified to have a higher level of compliance of this mandatory helmet use law. 
These findings are in agreement with past findings indicating that male and young drivers 
have a lower level of compliance of traffic laws. Two variables of rider’s education level are 
intended to capture influence of education level on traffic law compliance. University 
education indicator shows that people with high education (university or above) are more 
likely to obey the helmet use law. In contrast, people with low education (elementary or lower) 
tend to disobey the law. These findings suggest that education level plays an important role in 
traffic law compliance. Only one occupation variable, farmer indicator, is found to have 
significant influence on the mandatory helmet use law compliance. This finding might 
indicate that the nature of farmer work reduces the use of helmet. Also, qualified riders and 
high-displacement motorcycle riders are found to be more likely to use helmets. 
 
In
strategies usually have most direct influence on the rider’s motivation for compliance of 
traffic laws. Although the information on policeman enforcement is not recorded in the 
accident records, several variables still can be made to potentially capture the effects of 
policeman enforcement. Rush hour and night time indicators can be selected to represent the 
time for policeman enforcement. During the morning and evening rush hours, more 
policemen are expected to spread out to every major intersection and roadway section. In 
contrast, during the night time the intensity of policeman patrol is relatively low to other time 
periods of the day. These two indicator variables show that motorcycle riders are more likely 
to use helmet during the rush hours, but less likely to use helmet at night. These findings are 
consistent with the effects of policeman enforcement on the compliance of helmet use law. 
Urban arterial and alley indicator variables were selected to capture the locations that the 
policemen often enforce. Alleys serve primarily as collectors between resident area and major 
arterial where the frequency of policeman patrol is comparatively low. These findings suggest 
that motorcycle riders are more likely to use helmet when they travel on urban arterials, but 
less likely to use helmet when they travel on alleys. Taipei and Southern county variables are 
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selected to evaluate the intense level that each city or county policemen put on the 
enforcement of this helmet use law. These findings are in agreement with general 
observations and indicate that riders in Taipei and two cities and three counties in the southern 
Taiwan are more likely to use helmet. Taipei, the capital city of Taiwan, has the best resources 
in labor and finance, and is considered to enforce this law most intensely and successfully. 
 
 
8. MODEL SPECIFICATION TEST 

ne concern with the study is the statistical justification for separately estimating two models, 

-2[

 
O
one using the data before June 1, 1997 and one using the data after June1, 1997. To test the 
validity of this model structure, a likelihood ratio test was conducted to test the significance of 
the difference between a constrained model (i.e., one combined model using all data) and an 
unconstrained model (two separate models, one using the data before June 1, 1997 and one 
using the data after June 1, 1997,). The likelihood ratio test statistic is, 
 

N(β) - Nb(βb) - Na(βa)]        (6) 
 

here w N(β) is the log-likelihood at convergence of the model estimated on all data, N, with a 
single coefficient vector β, Nb(βb) is the log-likelihood at convergence of the model estimated 
on the subset of the data before enforcement (b), and Na(βa) is the log-likelihood at 
convergence of the model estimated on the subset of the data after enforcement (a). This test 
statistic is χ2 distributed with the degrees of freedom equal to the sum of the number of 
estimated coefficients in two separate models minus the number of coefficients in the model 
estimated on all data. The values of N(β), Nb(βb), and Na(βa) are –11282, -3809.1 
and –3851.3, respectively. The test result indicates that there is significant difference of 
helmet wearing behavior before and after the mandatory helmet use law being enforced 
(p-value < 0.0001, χ2= 7243.2, degrees of freedom = 17). The significant difference supports 
the contention that the mandatory helmet use law had significant effect on motorcycle riders’ 
helmet use and these before and after changes should be modeled separately. 
 
 
9. IMPLICATIONS OF FINDINGS AND CONCLUSIONS 

his study collected one-year motorcycle accident data in Taiwan area and applied logit 
 
T
modeling technique to investigate the risk factors contributing to the injury severity in 
motorcycle accidents. The results demonstrate that logit modeling technique is a promising 
methodology in the injury severity analysis and thereby provides additional insight into the 
factors determining injury severity. The findings obtained here, by exploring a broad range of 
variables including characteristics of individual, environment, vehicle, accident, and others, 
provide a better understanding of underlying relationships between risk factors and injury 
severity in motorcycle accidents. The before-and-after comparisons indicated that the number 
of injuries was significantly reduced by 30%. The effort to reduce the number of casualties in 
motorcycle accidents by adopting mandatory helmet use law is justified. In addition, 
policeman enforcement can quickly and substantially promote the compliance of mandatory 
helmet use law. The findings of binary logit model not only provide valuable information for 
the police to make better enforcement strategies, but also provide valuable insight to the 
helmet use characteristics for motorcycle riders.  
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Table 3. Estimation of Probabilities of Motorcyclist Wearing Helmet 

Variableb t-statistic)Estimated Coefficient (

Constant [H] 0.113 (0.97)

Rider characteristics 
Gender indicator (1 if rider was male, 0 otherwise; specific to 0.522 (7.89)

 if rider was at age between 15 and 17 , 0.176 (2.52)

r 2 (1 if rider was at age between 18 and 21, 0.575 (5.52)

 if rider was at age of 65 or older, 0 0.972 (5.98)

ation indicator (1 if rider’s education level was 0.605 (3.63)

der’s education level was 0.308 (4.44)

was a farmer, 0 0.661 (4.12)

clist (1 if rider was riding with a proper riding 0.682 (11.02)

ycle rider indicator (1 if rider was a 0.267 (4.37)

 Characteristics

helmet not used) [NH] 

Young age indicator 1 (1
0 otherwise) [NH] 

Young age indicato
0 otherwise) [NH] 

Old age indicator (1
otherwise) [H] 

University educ
university or above, 0 otherwise) [H] 

Elementary education indicator (1 if ri
elementary or lower, 0 otherwise) [HN] 

Farmer indicator (1 if rider’s occupation 
otherwise) [NH] 

Qualified motorcy
license, 0 otherwise) [H] 

High-displacement motorc
high-displacement motorcycle rider, 0 otherwise) [H] 

Temporal and Environmental  
Rush hour indicator (1 0.400 (5.52)

ator (1 if rider was riding at night, 0 otherwise) 0.709 (8.80)

arterial indicator (1 if rider was riding on an urban 0.243 (2.52)

was riding on an alley, 0 otherwise) [NH] 0.541 (3.66)

(

 8067

 if rider was riding in the rush hours, 0 
otherwise) [H] 

Night time indic
[NH] 

Urban 
arterial, 0 otherwise) [H] 

Alley indicator (1 if rider 

Taipei indicator (1 if rider was riding in Taipei, 0 otherwise) [H] 1.940 21.15)

Southern counties indicator (1 if rider was riding in the 5 
southern counties and cities, 0 otherwise) [H] 

Number of observations 

0.437 (6.37)

Log-likelihood at zero -

rgence 

5591.6

Log-likelihood at conve -3851.3

ρ2  0.31

 haracters in the brackets are variables defined for: [NH] helmet not used, [H] helmetbC  used 
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For the safety measures to reduce the injury severity for motorcycle accidents shown from the 
logit analysis, traffic engineers need to design roadways to higher safety standards (e.g., 
providing roadway lighting or exclusive motorcycle lanes) or to consider restricting the access 
to high speed limit roadways for motorcycle riders because roadways with high speed limits, 
poor light conditions or obstructions impose higher injury risk for motorcycle riders. Frequent 
enforcement at night and dusk might also be effective to prevent severe motorcycle accidents 
because motorcycle accidents occurred at night or dusk tend to be severe due to higher speeds 
in light traffic. For the increased injury risk for the elder motorcycle riders, a physical 
check-up program accompanying to licensing scheme might be helpful to keep physically 
unqualified elder riders out of motorcycle accident risk. 
 
In terms of future studies, estimations of the logit model using the accident data consisted of 
same collision type (e.g., single motorcycle, motorcycle vs. vehicles) might be an interesting 
direction. Because the collision type can significantly affect the injury outcome of motorcycle 
accidents, modeling injury severity for motorcycle accidents for specific collision types are 
expected to provide more practical insight to the measures of traffic safety. In addition, it 
would be interesting to exam the effects of helmet use (or other safety devices) on behavior 
changes. Although there have been many studies focusing on this issue, they did not lead to a 
consistent conclusion. An in-depth examination of behavior changed by helmet use from a 
psychological prospect will lead to a better understanding of the effect of helmet use on 
motorcycle accidents. In the present study, limited information on helmet use characteristics 
in the motorcycle accident reports constrains the in-depth investigation of helmet use 
characteristics for motorcycle riders. Some important factors that can directly influence 
helmet use for a motorcycle rider are not recorded in the traffic accident report, such as 
helmet prices, trip lengths and purposes. In order to better understand the motorcycle riders’ 
helmet use behavior and attitude towards mandatory helmet use law, a study should be 
conducted to include more factors. By understanding these factors, not only policeman 
enforcement and traffic education programs can be effectively applied, but the compliance of 
mandatory helmet use law and other traffic laws can be further promoted. 
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