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1. Introduction

Today, the total number of traffic accident fatalities in 

the world is running at more than a million per year; the 

estimated monetary expense of the direct and indirect 

impacts of handling traffic crashes reaches into the billions 

of dollars1). According to the World Health Organization2), 

due to the rapid increase of traffic accidents in developing 

and transitioning countries, increases of both traffic injuries 

and fatalities are globally expected to increase over the next 

two decades. Specifically, the majority of road traffic 

accidents occur in low- and middle- income countries 

because of fast motorization without proper regulation of 

road safety and without sustainable land use and planning, 

while a number of high-income countries have decreased 

road traffic death rates, particularly by enacting comprehensive 

laws to deal with pertinent issues such as speeding, drunk 

driving, motorcycle protective gear, safety belts, and child 

restraint1,2).

However, as discussed by Haleem and Gan3) and as 

reported in NIH Senior Health4), the aging factor is also 

thought to be a critical element in the risk of vehicle 

occupant death or injury in traffic crashes because 

age-related problems lead to a decrease in physical abilities 

and particular health conditions might lead to more frequent 

driving errors and injury vulnerability of occupants, which 

can lead to more serious traffic accidents for the old than 

for young occupants in the same accident situations.

The aging of the population in Korea is progressing 

rapidly due to the reductions of mortality and fertility, 

and the ratio of senior citizens aged 65 or older to the 

total population more than doubled from 5.1 percent in 
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1990 to 11.8 percent in 20125,6). Furthermore, the ratio is 

expected to rise steeply to not only 15.7 percent by 2020, 

but also to 24.3 percent by 2030, implying that Korea 

will hold first place among the aged societies of the 

world7). Such a demographic transition will likely lead to 

a rapid increase in the number of senior road users and 

of the senior driving population, which will lead to more 

concern regarding a variety of factors in traffic safety8).

As studied by Liisa9) and followed up on by Preusser et 

al.10), Lyman et al.11), Li et al.12), and Daigneault et al.13), 

the association between crash severity and the age factor, 

including other driver characteristics, has been studied; in 

their findings, the traffic accident risk for senior drivers 

involved three main distinctions: 1) the 65+ age group had 

a higher traffic accident rate; 2) the accidents caused by 

drivers in the 65+ age group more frequently resulted in 

serious injuries or even deaths; and 3) accidents for this 

group were more often at-fault traffic accidents. Even though 

research models have so far successfully controlled for 

various traffic accident factors such as road conditions, 

accident information, and/or driver information, and 

provided insight regarding the effects of senior drivers being 

located in the driver seat on crash-injury severity level*, few 

studies14,15) have focused on investigating the comprehensive 

implications of senior vehicle occupants between and within 

the driver seat, front passenger seat, and rear seat. On the 

contrary, many studies regarding children’s seating positions 

in motor vehicle crashes have been performed16-19).

The increase of senior vehicle occupants at one of the 

fastest rates worldwide is of particular concern for policy 

makers and researchers in Korea; unfortunately, few studies 

beyond several that have looked at the effects of senior 

occupants on the level of accident injury severity can be 

found in the literature; hence, this study extends to an 

investigation of the association of seating position and senior 

vehicle occupant to the risk of death and serious injury in 

vehicle crashes. The estimated findings are expected to 

provide researchers and practitioners with detailed accident 

risk rates according to the locations of a senior vehicle 

occupant; these results will be used in industrial and 

government aspects to help calculate insurance costs and 

social welfare costs for motor vehicle accidents involving 

the 65+ age group, which cohort will over the next several 

decades reach an even greater proportion of the population 

as Korea rapidly ages.

2. Background

2.1. Study area
It has always ranked high among OECD member 

countries for traffic accidents; in the most recent year of 

data available, 2011, injuries and deaths from road traffic 

accidents reached their third highest level ever: 6,845 

injured persons per 1,000,000 population and 13.8 deaths 

per 100,000 population21).

Seoul Metropolitan City was chosen as the study area 

for this study, and is certainly an interesting area for 

researching the relation of senior vehicle occupant and 

seating position with crash severity because Seoul, in 

contrast to some of the other major Korean metropolises, 

has some obvious salient points, as follows: 1) Seoul is the 

capital city of Korea and has the largest population among 

the nation’s metropolises; it is the home of about one fifth 

of the total Korean population; 9,790,000 persons resided 

in the area in 2010, making it as well a city with one of 

the highest population densities in the world22,23); 2) Seoul 

has been the site of the largest number of traffic accidents 

that have occurred every year in the nation20); and 3) in 

Seoul, the road traffic accident ratio of senior occupants to 

total occupants in vehicles has rapidly increased from 3.1 

percent in 2008 to 4.9 percent in 2012- as determined via 

a manipulation of the raw data20).

Fig. 1. Seoul in Korea along with traffic accidents.
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Fig. 1 shows that Seoul is located in the northwestern 

part of Korea. It has a land area of over 605 km2, and 

consists of 25 autonomous districts23). Many residents live 

in high-rise apartments because of the small land area and 

high population density; the road system of Seoul remains 

of good quality24,25). The districts of Gangnam, Songpa, 

and Yeongdeungpo shared the top 20% of total traffic 

accidents summed from 2008 to 2012; overall, the total 

number of traffic accidents in the city decreased from 

23,620 in 2008 to 19,240 in 201226,27).

2.2. Two major acts regarding traffic accidents
As argued by Redelmeier et al.28) and Castellà and 

Pérez29), the behavior of breaking traffic rules plays a 

critical role in the increase of risk in road traffic accidents; 

it is noticeable that traffic-law enforcement and traffic 

deaths are highly negatively correlated when frequent 

motor-vehicle use is common, in such areas as urbanized 

regions. 

In Korea, largely, there are two important traffic acts 

regarding road traffic accidents. According to Ministry of 

Government Legistration30), these traffic acts are the Road 

Traffic Act and the Act on Special Cases concerning the 

Settlement of Traffic Accidents. The Road Traffic Act of 

1961 was initially designed to prevent hazardous factors 

related to traffic accidents on roads and to secure traffic 

safety. This act has been revised 73 times to make further 

regulations; the major sections of the act are as follows: 

vehicle operation, operation and maintenance of traffic 

lights and traffic safety facilities, rules of pedestrians and 

vehicles, traffic safety education, driver’s licenses, and 

traffic offenses. On the other hand, the Act on Special 

Cases concerning the Settlement of Traffic Accidents was 

enacted in 1982 and then subjected to 13 revisions, mainly 

to impose criminal punishments on drivers who had caused 

engaged in professional negligence or gross negligence; 

the act thereby encouraged fast recovery from the loss of 

life and property in traffic accidents and furthermore 

increased societal benefits for people’s lives. 

3. Methods

In this study, reported statistical traffic accident data in 

Seoul from the year 2008 to the year 2012 were used for 

the analysis; the data were extracted from the Traffic 

Accident Analysis System (TAAS), maintained by the 

Korea Road Traffic Authority (KoROAD). Independent 

and dependent variables showing missing values or data 

coded as not available were excluded from the analysis. 

The data were separately acquired from both road causality 

and injury information and accident information databases, 

including environmental and vehicle-related factors, such 

that the data had to be merged based on consistent 

variable attributes.

Moving vehicles in total traffic accidents during the 

study period represent the largest proportion (at least 75 

percent) of vehicles involved in types of collisions among 

single vehicles, moving vehicles, vehicles and objects, and 

vehicles and pedestrians; also, the study is designed to 

evaluate the association of age and seating position on 

accident severity, and so the study focused on the majority 

case, as discussed by Donmez and Liu31). In addition, 

multicollinearity between the variables was tested for 

through the variance inflation factor; the multicollinearity 

of each variable showed a value of less than 10, implying 

no significantly high correlations25).

3.1. Level of injury severity by age and seating 
position

The response variable of injury severity, which was 

classified in the raw data into such categories as minor 

injury, serious injury, or fatality, was employed for the 

analysis; minor injury was chosen as the baseline for the 

model to relatively quantify injury severity risk15). The use 

of age thresholds of 25 and 65 has been commonly 

employed in traffic accident safety research24,26,30), and thus 

this study applied the three categorized levels to classify 

vehicle occupants’ ages: 1) young - less than 25 years old; 

2) mid-age - 25 to 64; and, 3) senior - greater than or 

equal to 65 years old.

Unlike other researchers32-34), the study considered a 

broader selection of possible seating positions that is 

available the TAAS data by classifying seating positions 

such as driver seat, front passenger seat, and rear seat. 

Some studies35,36) have discussed the idea that differences 

of vehicle occupants’ physical positions in the vehicle are 

likely to lead to the risk of significant injury or death in 

crash accidents.

A total of 108,194 observations were utilized in the 

model20). Table 1 shows the proportions of vehicle occupants 
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observed across seating positions and age groups in terms 

of injury severity. Overall, the total number of senior drivers 

who were involved in traffic accidents was relatively lower 

than the number of drivers from other age groups; however, 

for the entire set of seats, the driving performance of senior 

drivers was seen to lead to a significant increase in the risk 

of fatal crash cases for the rear seat.

Injury classification consists of as follows: 1) minor 

injury means that a person in a traffic accident receives a 

minor treatment in an outpatient clinic or at the roadside 

for three weeks or less but for more than five days; 2) 

serious injury refers to injuries such as fractures, deep 

lacerations, etc. serious enough to cause the person to be 

admitted to the hospital for more than three weeks; fatality 

means an accident in which the patient dies within 30 days 

of the road traffic accident20).

3.2. Other explanatory variables
Other model covariates integral to developing the model 

were included to account for the effects of driver, accident, 

and time-related and vehicle-related information because 

similar research in the literature has shown that these factors 

could reasonably affect the incidence of traffic crashes35-38). 

A total of 28 variables from 13 factors were used for the 

four types of information; all the variables, including the 

dependent variable, were formed in mutually exclusive 

categories to encourage an understanding and estimation of 

the odds ratios derived from the model. Driver information 

included seat belt use, gender, and age; as for accident 

information, categories of road type (intersection vs. non 

intersection), road surface (wet vs. dry), road slope (downhill 

vs. non downhill), type of location (curved vs. straight road), 

and accident district (traffic accident prone area vs. non 

traffic accident prone area) were used. Two variables 

explaining time-related information were included, as 

follows: year (since 2008) and summer vacation months 

(July and August) vs. other months. As for vehicle-related 

information, type of vehicle (truck vs. passenger car, bus 

or van vs. passenger car) was employed. 

3.3. Multinomial logit model
In this study, the Multinomial logistic regression using 

the method of maximum likelihood was performed using 

the PROC LOGISTIC procedure in SAS version 9.4. The 

estimation was executed with the Newton-Raphson 

algorithm to perform bias-reducing penalized likelihood 

optimization38). Other approaches such as an ordered probit 

or ordered logit were considered for the model in the 

initial stages because of the natural characteristics of the 

data in crash injury severity accidents3). As argued by 

Washington et al.39), Savolainen and Mannering40), Yamamoto 

et al.41), and Haleem and Gan3), the Multinomial logit 

model, however, shows a couple of clear strengths 

regarding the two issues that exist with ordered probability 

models. For starters, the structural flexibility of the 

Multinomial logit model makes this model better than the 

ordered models because explanatory variables in the model 

can vary across all crash severity levels, and thus the 

model is more likely to contribute to making a consistent 

and unbiased parameter estimation. The second issue arises 

with the restriction of a variable’s effect. Ordered 

probability models tend to inherently remain models in 

which “a variable that increases the probability of the most 

(least) severity level would also decrease the likelihood of 

the least (most) severity level”3), but this problem does not 

appear in the Multinomial logit model. 

As shown in Haleem and Gan3) (originally introduced by 

McFadden42)), the Multinomial logistic model is developed 

as follows:

log
      , i = 1, 2, 3, …, I-1 (1)

Age

Seating position/Injury

Driver seat Front passenger seat Rear seat

Minor Serious Fatal Minor Serious Fatal Minor Serious Fatal

Young 1,569 (3%) 361 (3%) 9 (8%) 2,338 (16%) 473 (12%) 5 (25%) 4,765 (24%) 746 (15%) 7 (35%)

Mid-age 47,757 (93%) 12,542 (93%) 99 (86%) 11,752 (82%) 3,188 (84%) 14 (70%) 14,303 (72%) 3,902 (76%) 9 (45%)

Senior 1,945 (4%) 617 (4%) 7 (6%) 315 (2%) 166 (4%) 1 (5%) 813 (4%) 487 (9%) 4 (20%)

Table 1. Sample sizes used in analysis of age and seating position on crash severity.
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where: 

 the intercept parameter for each of the I-1 models;

 
 the I-1 vectors of slope parameters;

 the vector of predictor variables;

 the probability of being one outcome category; 

 the probability of being baseline category.

For Eq. (1) the summation of all the response categories’ 

probabilities, including that of the baseline, is satisfied with 

unity, and the number of equations derived is I-1. In the 

statistical analysis of the Multinomial regression, each of 

the response categories is compared with the baseline 

category according to the variable of interest. The odds ratio 

of the probability of selecting one response category to the 

probability of selecting the baseline category when a 

predictor variable changes from one level to another can 

be obtained through exponentiating the regression coefficient 

estimated by the linear equations above. The odds ratio 

changes from 0 and positive infinity.

For example, in a Multinomial logit model an odds ratio 

of fatality compared with minor injury against senior 

occupant vs. mid-age occupant and seatbelt yields the 

estimated regression function as follows. The predicted 

fatality probability (odds ratio) of senior vs. midage and no 

seatbelt is 1/[1+e2.52] = 0.074 or 7.4%.

Pr      (2)

 

If senior vs. midage=0.3, seatbelt=0, then predicted 

fatality probability =
××


(3)

4. Results and Discussion 

As being reviewed in section 3.3., the Multinomial logit 

model was theoretically and empirically supported to have 

two powerful strengths such as the structural flexibility and 

no restriction of variable effect compared with other 

approaches. Hence, for this study the Multinomial logistic 

regression was used to review statistical inferences 

regarding the relationship between seating position and 

senior vehicle occupant to the risk. 

The estimation results determined through the Multinomial 

logistic model are shown in Tables 2 through 4. Based on 

the p-values of the type 3 analyses of effects, overall each 

predictor variable was found to have a statistically significant 

effect on accident injury severity at the 1% significance level. 

Specifically, the parameters of most levels of the categorized 

variables (46 among a total of 56) were found to be marginally 

significant at the 10% level. A general attribute in the results 

is shown that the larger the estimated odds ratio for a 

particular variable, the higher the probability will be of having 

a more severe injury attributed to the existence of the variable. 

In the tables, the levels of injury severity are described 

as: 1 equal to serious injury and 2 equal to fatality, with 

the baseline of minor injury. The empirical results of this 

study were backed up with other research findings related 

with each variable of this study in order to identify overall 

trends to the association of senior occupants and seating 

position. 

4.1. Driver, accident, time-related, and vehicle- 
related information

The maximum likelihood estimates of the variables of 

seatbelt, gender, and age, shown in Table 2, explain that 

among driver information, no seatbelt use (OR=11.43) had 

the highest odds of serious injury relative to minor injury, 

followed by gender (OR=2.98) and age (OR=2.94 for 

young and OR=1.46 for senior). For seatbelt, holding other 

variables constant, the odds ratio of being unrestrained was 

5.5% (OR=1.055) higher compared with being restrained 

for resulting serious injury vs. minor injury; however, the 

chance of being in a fatal traffic accident was 11.3 times 

(OR=11.343) higher than that of a minor-injury causing 

traffic accident. The results also found that male drivers 

were 23.4% (OR=0.766) less likely than female drivers to 

incur a serious injury compared with a minor injury in 

traffic accidents, while the likelihood of male drivers was 

2.9 times (OR=2.984) higher than that of female drivers for 

fatality relative to minor injury. For young and senior 

drivers relative to mid-age drivers, the chances of being a 

fatality were 2.9 times (OR=2.941) and 1.4 times 

(OR=1.462) higher, respectively; however, young drivers 

were 12.8% less likely than mid-age drivers to incur a 

serious injury relative to a minor injury. As expected, the 

traffic accident severity was significantly related to seatbelt, 

gender, and age; these results are similar to the findings 

of Kim et al.6); and, Farmer et al.43).
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When a traffic accident involved a curved road 

(OR=4.585) or a wet road surface (OR=1.834), the 

probability of a fatality relative to a minor injury 

significantly increased, whereas downhill slopes and traffic 

accident prone areas showed results that were not 

significantly different from their baselines. As for 

intersection compared to non intersection, the likelihood of 

being involved in a fatal accident was 62% (OR=0.38) less 

than that of being involved in a minor-injury causing 

accident; however, the probability of a serious injury 

relative to a minor injury increased by 2.6% (OR=1.026). 

Overall, the accident information for downhill slopes 

(OR=1.102), wet surfaces (OR=1.101), curved roads 

(OR=1.19), and traffic accident prone areas (OR=1.089) 

had a critical impact on increasing the probability of an 

accident’s resulting in serious injury relative to minor 

injury. Many studies have found that a traffic accident 

involved a curved road, a wet road surface, downhill slopes, 

and traffic accident prone areas was frequently connected 

to a higher likelihood of more severe injury (Keskinen and 

Ari Katila44)).

For time-related information, the odds ratio for one 

year slightly decreased by 0.2 (OR=0.998) and 0.4 

(OR=0.996) for a serious injury vs. a minor injury and for 

a fatality vs. a minor injury, respectively, which indicates 

that the probability of incurring an injury of more serious 

severity decreased over time. In contrast, serious injury 

and fatality accidents were more likely to occur on the 

summer break in July and August relative to minor injury 

accidents (OR=1.001 and OR=1.006). Within the 

vehicle-related information, switching from a passenger 

car to a truck led to a 3.1 times (OR=3.165) higher 

probability of a fatality compared with a minor injury, 

while the likelihood of an accident resulting in a fatality 

vs. one resulting in a minor injury decreased by 44.8% 

(OR=0.552) in the case of riding a bus or van relative to 

those figures for a passenger car. However, both trucks 

(OR=1.082) and buses or vans (OR=1.117), relative to 

passenger cars, showed significant effects of increasing 

the probability of being in an accident that results in a 

serious injury vs. one that results in a minor injury. 

Several previous studies have found that time-related and 

vehicle-related information had significant influences on 

the probability of a traffic accident resulting in a more 

severe injury (Donmez and Liu31)).

Table 2. Estimation results for model covariates, excepting 1) 
the interaction of occupant's age and seating position, and; 2) 

the interaction of occupant's age and seatbelt, which are 

reported in Tables 3 and 4, respectively. (1: serious injury; 

and 2: fatality with the baseline of minor injury)

Variables
Injury 

severity Odds ratio p-Value

Driver information

Seatbelt

Unrestrained vs. Restrained 1 1.055 0.069 

Unrestrained vs. Restrained 2 11.343 <.0001

Gender

Male vs. Female 1 0.766 <.0001

Male vs. Female 2 2.984 <.0001

Age

Young occupant vs. Mid-age occupant 1 0.872 0.021 

Young occupant vs. Mid-age occupant 2 2.941 0.005 

Senior occupant vs. Mid-age occupant 1 1.261 <.0001

Senior occupant vs. Mid-age occupant 2 1.462 0.415 

Accident information

Road type

Intersection vs. Non intersection 1 1.026 0.088 

Intersection vs. Non intersection 2 0.38 <.0001

Road slope

Downhill vs. Non downhill 1 1.102 <.0001

Downhill vs. Non downhill 2 1.07 0.780 

Road surface

Wet vs. Dry 1 1.101 <.0001

Wet vs. Dry 2 1.834 0.002 

Type of location

Curved vs. Straight road 1 1.19 <.0001

Curved vs. Straight road 2 4.585 <.0001

Accident district

Traffic accident prone areas vs. Non traffic 
accident prone areas

1 1.089 <.0001

Traffic accident prone areas vs. Non traffic 
accident prone areas

2 1.287 0.184 

Time-related information

Year

Every year after 2008 1 0.998 <.0001

Every year after 2008 2 0.996 0.119 

Month

July and August vs. Other months 1 1.001 0.001 

July and August vs. Other months 2 1.006 0.019 

Vehicle-related information

Type of vehicle

Truck vs. Passenger car 1 1.082 0.037 

Truck vs. Passenger car 2 3.165 <.0001

Bus or van vs. Passenger car 1 1.117 <.0001

Bus or van vs. Passenger car 2 0.552
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4.2. Age and Seating Position
As reported in Table 3, comparisons of the interaction 

of age and seating position were provided within 1) the 

same age category and 2) the same seating position. Within 

the young occupants group, sitting in the rear seat was 

98.2% (OR=0.002) less likely than sitting in the driver seat 

to lead to a fatality vs. a minor injury; for the same crash 

severity, the odds ratio of the front passenger seat was 

61.7% (OR=0.383) lower relative to that of driver seat. In 

case of serious injury compared with minor injury, the odds 

ratio of the rear seat (OR=0.574) or the front passenger seat 

(OR=0.796) relative to that of the driver seat significantly 

decreased. 

For mid-age occupants, the odds ratio of rear seat was 

91.2% (OR=0.088) lower than that of the driver seat for 

fatality vs. minor injury, but the odds ratio of the front 

passenger seat compared with the driver seat was 61.9% 

(OR=0.381) lower. Comparisons were also made between 

serious injury and minor injury within the same age group, 

and the rear seat (OR=0.875) and front passenger seat 

(OR=0.94), relative to the driver seat showed decreased 

odds. Within each age group, the overall estimated odds 

ratios for non drivers, compared with those for drivers, 

were lower, indicating that sitting in the front and rear seats 

rather than in the driver seat lowered the probability of 

serious injury severity. This effect was in part in line with 

the results of a previous study37), which showed that the 

rear seat passenger position was related to a decrease of 

the risk of death and serious injury relative to the front seat 

passenger position. 

On the other hand, the odds ratio of serious injury vs. 

minor injury was the highest among other age groups when 

senior drivers were sitting in the front passenger seat 

relative to when they were sitting in the driver seat 

(OR=1.329), even though other seating positions were not 

significantly different from the baseline. Several possible 

reasons for senior passengers to be more injured than senior 

drivers may be hypothesized to be as follows: 1) the 

difference of safety level of protection derived from 

seatbelts and other protective measures such as air bags; 

2) the high occurrence of traffic accidents causing injuries 

rather than death in the metropolitan area; and 3) the 

fragility and vulnerability of seniors to injury in the case 

of a traffic accident.

For the same seating position, overall, the odds ratio of 

serious injury relative to minor injury for young occupants 

relative to mid-age occupants decreased (driver seat 

(OR=0.877), front passenger seat (OR=0.743), and rear seat 

(OR=0.576)); however, for the driver seat and rear seat, the 

chances of fatality vs. minor injury increased 1.9 times 

(OR=1.974) and 3.1 times (OR=3.19). The findings that 

young occupants had substantially higher risks of fatal 

traffic accidents compared to the mid-age group were in 

line with the research of Neyens and Boyle44). 

As for seating position of senior drivers relative to mid-age 

drivers, sitting in the driver seat showed a 2.2 times 

(OR=2.217) higher probability of fatality compared with 

minor injury, whereas the likelihood of such an accident 

resulting in serious injury vs. minor injury increased 1.4 times 

(OR=1.425). In the case of the front passenger seat, the 

accident severity level of fatality was not significantly 

different from the baseline for senior drivers; however, the 

odds ratio of being in a serious injury vs. that of being in 

a minor injury significantly increased (OR=2.016) for senior 

drivers. On the other hand, the odds ratio of fatality vs. 

minor injury was the highest among other interactions of 

age and seating position when senior drivers were sitting 

in the rear seat compared to when they were sitting in the 

driver seat (OR=6.751). The odds ratio of serious injury 

relative to minor injury also significantly increased 

(OR=1.962). To summarize, the likelihood of fatality or 

serious injury relative to minor injury for senior occupants 

compared with mid-age occupants significantly increased in 

all seating positions in the event of traffic accidents, which 

was also reported in Braver and Trempel17).

An interesting traffic accident trend in the nation can in 

part be observed in Table 3, where it can be seen that 

sitting in the rear seat for senior occupants vs. mid-age 

occupants had a significantly critical impact on increasing 

the probability of fatality relative to minor injury 

(OR=6.751). The most plausible reason for this is likely to 

be found in aspects of the road safety policy, and can likely 

be attributed to non-implementation of a Mandatory 

Seatbelt Law for the rear seats of vehicles in Korea until 

now; model results in Table 4 support this idea, showing 

significantly that not wearing seatbelts for the senior 

occupant group could contribute to increasing the likelihood 

of fatality. In the table, it should be noted that the 

likelihood of fatality relative to minor injury increased 26 

times (OR=26.094) for senior occupants who were not 
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Table 3. Estimation results for the interaction of age and 
seating position in traffic accidents. (1: serious injury; and 2: 

fatality with the baseline of minor injury)

Variables
Injury 

severity Odds ratio p-Value

Based on location of person in the vehicle 

Young occupant 

Front passenger seat vs. Driver seat 1 0.796 0.003 

Rear seat vs. Driver seat 1 0.574 <.0001

Front passenger seat vs. Driver seat 2 0.383 0.099 

Rear seat vs. Driver seat 2 0.002 <.0001

Mid-age occupant 

Front passenger seat vs. Driver seat 1 0.940 0.008 

Rear seat vs. Driver seat 1 0.875 <.0001

Front passenger seat vs. Driver seat 2 0.381 0.002 

Rear seat vs. Driver seat 2 0.088 <.0001

Senior occupant 

Front passenger seat vs. Driver seat 1 1.329 0.009 

Rear seat vs. Driver seat 1 1.204 0.102 

Front passenger seat vs. Driver seat 2 0.700 0.744 

Rear seat vs. Driver seat 2 0.514 0.323 

Based on age

Driver seat

Young occupant vs. Mid-age occupant 1 0.877 0.056 

Senior occupant vs. Mid-age occupant 1 1.425 <.0001

Young occupant vs. Mid-age occupant 2 1.974 0.079 

Senior occupant vs. Mid-age occupant 2 2.217 0.064 

Front passenger seat

Young occupant vs. Mid-age occupant 1 0.743 <.0001

Senior occupant vs. Mid-age occupant 1 2.016 <.0001

Young occupant vs. Mid-age occupant 2 1.985 0.192 

Senior occupant vs. Mid-age occupant 2 2.703 0.357 

Rear seat

Young occupant vs. Mid-age occupant 1 0.576 <.0001

Senior occupant vs. Mid-age occupant 1 1.962 <.0001

Young occupant vs. Mid-age occupant 2 3.190 0.038 

Senior occupant vs. Mid-age occupant 2 6.751 0.008 

Table 4. Estimation results for the interaction of age and seatbelt. 
(1: serious injury; and 2: fatality with the baseline of minor injury)

Variables Injury severity Odds ratio (OR) p-Value

Young occupant

No seatbelt vs. Seatbelt 1 1.067 0.348 

No seatbelt vs. Seatbelt 2 5.109 0.003 

Mid-age occupant

No seatbelt vs. Seatbelt 1 1.055 0.069 

No seatbelt vs. Seatbelt 2 11.342 <.0001

Senior occupant

No seatbelt vs. Seatbelt 1 1.349 0.008 

No seatbelt vs. Seatbelt 2 26.094 <.0001

wearing seatbelts relative to those who were restrained. 

This finding was in accordance with the results of a 

previous study5), which found that using seatbelts for senior 

occupants significantly reduced the likelihood of more 

severe injuries in traffic accidents. 

5. Conclusion 

Even though fatalities or serious injuries for senior 

vehicle occupants occupied a relatively low proportion 

overall of total traffic accidents in Seoul, Korea, the 

performance of this age cohort did show a significant 

increase in the risk of accident injury severity in all vehicle 

seats. This trend, along with a noticeable increase of the 

elderly population, can be expected to lead to graver issues 

over the next decades in both the quantitative and 

qualitative aspects of traffic accidents; therefore, effective 

countermeasures against the corresponding socio-economic 

costs of such accidents need to be debated by policymakers 

in a systematic and timely manner.

In this study, the Multinomial logit model was applied 

to a detailed set of road safety data obtained from TAAS; 

then, the study identified the relations of senior occupants 

and seating positions with injury severity in traffic 

accidents. In addition, in the model, many of the critical 

factors that significantly affect the probability of 

injury-involving crashes were utilized, including driver, 

accident, and time-related and vehicle-related information. 

To the best of the knowledge, only one previous study15) 

has investigated the association of seating position and 

senior vehicle occupant with the risk of death in passenger 

vehicle crashes. In their study, the driver seat and the front 

passenger seat were grouped together; however, this study 

provided further insight into the different types of seating 

positions.

Most importantly, this study recognizes that the 

probability of serious injury compared with minor injury for 

senior vehicle occupants was 1.4 times higher when those 

occupants were in the driver seat, 2.0 times higher when 

they were in the front passenger seat, and 1.9 times higher 

when they were in the rear seat, relative to a mid-age 

driver, while the likelihood of fatality increased even more, 

at 2.2 times for the driver seat, 2.7 times for the front 

passenger seat, and 6.7 times for the rear seat. In dealing 

with this issue, the government and national assembly need 
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to cooperate in preparing specific strict licensing 

requirements for senior drivers who suffer from increased 

fragility; such efforts would allow them to drive safely and 

would provide driver improvement courses to help seniors 

to learn up-to-date safety driving techniques and recent 

vehicle technologies. Also, the government, industry, and 

safety groups are encouraged to join forces to strongly carry 

out targeted campaigns for the wearing of seatbelts in all 

vehicle seats in order to enhance the safety of senior 

occupants as well as that of all occupants who are 

vulnerable to road traffic accidents. 

The following observations are appended: 1) A 

mandatory seatbelt law was enacted in 1986 for the front 

seat, but it has been still postponed in the national assembly 

for the application scope to be extended to the rear seat 

until now45); and 2) average seat belt wearing rate in 

vehicles was at 75 percent for front seat, but at only 22 

percent for rear seat in 2015 in Korea46). 

Even though the theoretical method developed here can 

be generalized, it may be difficult to generalize the 

empirical results obtained from this study because Seoul 

might be a unique study area because of its political and 

socio-cultural differences. Thus, future studies with in-depth 

analyses using data from other areas will need to be being 

carried out to supplement this study’s results.
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