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Abstract:  The purpose of this study is to propose a method to estimate of human cost in 
monetary terms for slight casualties and serious casualties consisting as a result of traffic 
accidents. In order to estimate the value, a questionnaire survey of  “standard gamble (SG)” 
questions was created based on previous study. The questionnaire was also carried out using 
WEB technology and visual presentations to foster respondents understanding of the concept 
of risk, or of the reality of the condition of their supposed injury, and decision making. The 
human cost of non-fatal accidents using the above analyses is compared with the results of a 
conventional text based method, and also is compared with the results of the previous studies 
done in other countries.  
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1. INDRODUCTION 
 
In recent years, safety and comfort of road users have became important factors in 
improvement of the road environment. In order to improve the safety of road facilities or 
traffic management efficiently and economically, Cost Benefit Analysis9ÔCBA9Õ is adopted in 
most countries. This estimates benefit as a reduction of social cost of traffic accidents in 
monetary terms using the value of human life. Therefore, accurate estimation of the value of 
life is a key issue for making the safety policy appropriate to both people’s needs and 
economic efficiency. In most highly motorized countries, official estimates of road accident 
costs have been evaluated (Trawen, et. al 2002). Such economic valuations mainly consider 
the value of statistical life (VOSL) using a willingness-to-pay approach. 
 
In this approach, costs should reflect the amount that road users are willing to pay for a 
reduced risk of accidents (Elvik,1995). In Japan, official estimates of road accident cost are 
based on the so-called human-capital approach, where the cost to society of fatality consists 
of the net present value of production that is lost because of the fatality. These approaches 
have a tendency to under-estimate the value of life, and are said to be inconsistent with the 
theoretical principles of the CBA. 
 
In the present, the aim of road safety projects has not only been directly related to the 
reduction of fatalities, but also to decrease the total amount of social loss by illuminating the 



  

seriousness of injury in accidents, especially in the planning or design of traffic calming 
measures or Intelligent Transport Systems (ITS) for safety purposes. Human cost of non-fatal 
accidents is an important factor and should be estimated appropriately in the cost benefit 
analysis of such safety schemes. 
 
The purpose of this paper is to propose a new method to estimate of the human cost in 
monetary terms for slight casualties and serious casualties as a result of traffic accidents. In 
order to estimate this value, a questionnaire was made combing the Contingent Value (CV) 
method and Standard Gamble (SG) method. These surveys are used to estimate the statistical 
value of a life, and the perceived ratios to human cost of various kinds of casualties. 
 
The questionnaire includes three parts. The first is regarding the attributes of respondents to 
something such as experience of traffic accident. The second consists of the “standard gamble 
(SG)” questions. These questions are created in order to investigate the perceived ratio of 
non-fatal human cost to the fatal human cost. The third part is made up of questions using the 
contingent valuation (CV) method for the estimation of statistical value of life. 
 
The questionnaire was made available on the internet using WEB technology; HTML, 
JavaScript, to foster responders understanding of the concept of risk, or of the reality of the 
condition of their assumed injury, and decisions making. The human cost of non-fatal 
accidents using the above analyses is compared with the results of a conventional text based 
questionnaire method. 
 
2. EVALUATION OF SOCIAL COST OF  TRAFFIC ACCIDENTS USING VOSL 
 
2.1 Cost-elements for traffic accidents 
 
The cost of a traffic accident is composed of direct-cost, lost productive capacity and human 
cost. (Jean et. al 1993) Direct-cost includes cost of first aid, ambulance, and medical cost, 
costs of administration for insurance companies, police and court due to the accident, and 
property damages to the vehicles, roads and buildings, as well as money lost due to traffic 
congestion caused by accidents. 
 
Lost productive capacity means the value of future production of a person lost in a fatal traffic 
accident. Gross lost production is often estimated as present value of total income loss for the 
deceased person and social security contribution. Net lost production refers to the present 
value of gross lost production minus the present value of the individuals’ consumption lost. 
Usually, the former is used. 
 
Human cost means the value of grief and pain caused to the family of the victims of a traffic 
accident not considering the economic loss. In the case of post-estimation method of human 
cost, it is evaluated referring to the cases of consolation money for fatal accidents. On the 
other hand, the pre-estimation method evaluates human cost by observing amount of 
willingness-to-pay when people get a reduction of risk of fatal accidents. Pre-estimation is 
said to be more appropriate to use as a socially beneficial factor in CBA for traffic safety 
projects, because CBA aims at obtaining information for social decisions of the future. 
 
2.2 Value of statistical life 
 
VOSL is estimated as follows; if willingness-to-pay of a person in case of risk reduction of 



  

1/X for fatality is Y, the value of statistical life of the person would be X*Y. The sum of 
VOSL for a regional population means benefit from the safety investment, if it will reduce the 
risk of 1/X annually for fatal accidents.  
 
VOSL is measured by CV survey, in which testers are supposed to purchase a virtual facility 
which will realize risk reduction of 1/X annually for fatality when they purchase it. VOSL has 
been measured under different assumptions in official estimates of other countries. Although, 
in some countries it is regarded as the total of human cost and lost consumption, and mainly 
regarded as pure human cost which does not include any economic loss, but only money term 
evaluation of pain or solace. The CV survey is also formed under these assumptions. This 
study adopted the later assumption. 
 
2.3 Measuring cost of non-fatal injuries 
 
In the present day, traffic safety projects should aim to reduce not only fatal accidents, but 
also lower the severity of injury and reduce risk perceptions of users for improving their 
satisfaction with road conditions.  It is essential to evaluate appropriately the cost of 
non-fatal accidents, in case of cost benefit analysis for such projects. 
  
CV survey methods are used to measure the human cost by WTP for non-fatal accidents. In 
such surveys, respondents are requested to answer whether they would or would not buy 
virtual facility to reduce the risk at particular level of severity to the stated value of 
probability. An example question is as follow: “How much would you pay for a piece of 
equipment which will decrease the risk of slight casualty to below 1/100 for one year ? ” 
 
There, however, are some problems with this kind of survey method as follow: 
1) It is difficult for respondents to grasp reality of stated injury situations. 
2) It is difficult for respondents to understand the concept of the risk and clearly reality of risk 
reduction. 
 
According to the above example, respondents will think it difficult to understand conditions 
of  “slight casualty” or a clear understanding of “decrease the risk of 1/100”. If the 
questionnaire was conducted face-to-face with respondents, it may be easier to fully explain 
the meaning of questions, but this would neither be time or cost effective. 
 
2.4 Purpose of the present study 
 
The purpose of this study is to propose a new method to estimate of the human cost in 
monetary terms for slight casualties and serious casualties resulting from traffic accidents. 
The following methods are adopted to solve the before mentioned problems. 
 
1) In order to make it easy to evaluate the inconvenience of non-fatal injury at various levels 
of severity compared with fatality, the SG method is introduced, and compared from 
viewpoints of response of testers and reliability of value of non-fatal human cost.  
2) In order to assist respondents to be aware of the reality of injury situations and understand 
the concept of risk and have reality of reduction of risk. Visual presentations and a dialogue 
system using WEB technologies such as HTML, JAVA script and CGI method are made use 
of.   
 
 



  

3.1 Formation of the questionnaire survey. 
 
The questionnaire survey includes the following three sections described below and presented 
in Figure.1.  
1) The first section is related to attributes of respondents such as, age sex, job, annual 

income, experience of traffic accident of themselves and acquaintances.  
2) The second section consists of SG questions. Respondents are to assume that they   

incurred an injury due to a traffic accident, and are informed of their present situation and   
prognosis. Respondents were then asked to suppose that a new medical treatment is 
available which, if successful, would return them to normal health but if unsuccessful 
would result in a specified health state that would usually be regarded as being worse than 
a condition associated with normal treatment. Essentially, the standard gamble questions 
sought to determine the probability of failure of the new treatment at which respondents 
regarded the decision as to whether or not to have the treatment as being most “finely” 
balanced.  

3) The third section is made up of questions using the CV method for estimation of statistical 
value of life. 

 
 Questionnaire Survey 
 Section One Questions asking about respondent’s 

occupation and previous road 
accident experience. 

Section Two Standard gamble questions 
Section Three Contingent valuation questions 

related to risk reduction. 
 

Figure.1 Outline of Questionnaire Survey 
 

3.2 Severity of injury 
 
The author adopted the categories of injury severity as follows according to the survey carried 
Out by TRL in U.K. (M. Jones-lee 1993) 
 
1) Dead: killed by the accident. 
2) Serious casualties (severe permanent disability): this means to be in hospital several 
weeks, possibly several months due to head injures resulting in severe permanent brain 
damage, after hospital, mental and physical abilities greatly reduced permanently. 
3) Serious casualties (mild permanent disability): this means staying in hospital 1-4 weeks 
in moderate to severe pain; after hospital, some pain gradually reducing, but may recur when 
taking part in some activities; some permanent restrictions to leisure and possibly some work 
activities. 
4) Serious casualties (no permanent disability): this means staying in hospital 1-4 weeks in 
moderate to severe pain; after hospital, some pain/discomfort, gradually reducing; some 
restrictions to work and leisure activities, steadily improving, after 1-3 years, return to normal 
with no permanent disability. 
5) Slight casualties: this means in hospital 2-7 days in slight to moderate pain; after hospital, 
some pain/discomfort for several weeks; some restrictions to work and/or leisure activities for 
several weeks/months; after 3-4 months, return to normal with no permanent disability. 
6) Healthy: healthy with no physical problems.    
 



  

3.3 Standard gamble questions 
 
Standard gamble questions are formed as follows 
1) Situation Respondent is assumed to have an Injury of severity “A” caused by road 
accident.��                                                                                
2) Suggestion The failure probability of the treatment is “X”. If it succeeds it comes to the 
severity of “B”, if it fails, it comes to the severity of “C”. 
3) Selection For each X from 0% to 99%, respondent is required to answer “Yes”, ”No”, 
“Don’t know”.  
4) Value estimation If the patient thinks it indifferent whether he accepts the treatment or not, 
when the failure probability is X, his/her evaluation for the human cost of injury of severity 
level “A” rates X against the human cost of fatality. 
 
3.4 Contingent value questions 
 
Contingent value questions are formed as follows 
1) Situation Suppose the probability of risk which will have a value less than injury severity 
of “A” is called 1/X for a year. 
2) Suggestion Suppose that a facility which can decease 1/x of the risk cost’s Y yen for one 
year. Y would range from 1000-1000,000 Yen. 
3) Selection For each cost, respondent is required to answer whether they would buy it or not. 
 
3.5 Visual presentation in questionnaire survey. 
 
The questionnaire was implemented on internet by WEB technology in order to support 
responders understanding of the concept of risk, or of the reality of the condition of their 
assumed injury, and making decisions. A questionnaire is composed by HTML, JavaScript, 
CGI WEB technique, which aims to visually present risk concept and the severity of injury. 
The author examined the validity of this technique by comparing understanding of the 
questionnaire with visual effects and with only text explanation.  
 
1) Display for the concept of risk   
In order to facilitate respondent understanding the risk on accident, SG used at every risk the 
drawing will be showed in animation, shown as Figure 2. 
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Figure.2 Animation image for recognizing the risk concept 
 
In case of CV survey, in order to allow respondents to understand the risk of accident, the 
drawing is shown as lottery imagination which expresses the probability of success. Using 
this drawing, the respondent will understand of the probability of drawing is lower than the 
right one. 
 

3 seconds 1 second 
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Figure.3 Representation of Risk Concept 
 

2) Display for severity of injury and questionnaire format   
In order to understand, the condition of different kinds of injury, pictures expressing severity 
of injury are shown by pictures. Figure4 and Figure 5 show the questionnaire format on the 
WEB. These WEB pages have been created using several different techniques so as to reduce 
number of clicks necessary or error of selections.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3) Comparing method of visual and normal versions 
For comparison of the two presentation methods, the questionnaire with visual effects (know 

Image of risk of 1/100   
Imagine the risk of 1/200 

Figure 4 Standard gambling questions with visual presentation 

Figure 5 Contingent value questions with visual presentation 



  

here as “visual version”), and with text only explanation (know as normal version) are formed, 
and these 2 types of questions are taken for each of the testers in sequence, but the order of 2 
types are selected at random.  
 
3.6 Attributes of respondents 
 
The number of samples analyzed on this study is 54. Figures 6,7 and8 show respondents’ 
attributes. The respondents consist of City Government officers, businessmen, university 
students and housewives. According to the age distribution of samples, young people infer 
20s and teens make up half of total respondents. There seems to be no large bias with regard 
to distribution of sex, marital status, and income. 20% of respondents’ income is from 4 
million yen to 6 million yen. And over 80% of respondents have drivers’ licenses. As shown 
in Figure 8, over 20% of respondents have experienced accidents. In addition over 50% of 
respondents’ acquaintances have experienced accidents, and 25% of these acquaintances were 
killed in the accidents. 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 Distribution of respondents’ personal and household attributes 

Figure 7 Distribution of respondents’ job, income, driving mileage  
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4 Results from questionnaire analysis 
 
4.1 Estimated value of statistical life for differ ent attributes 
Figure 9 shows the estimated value of statistical life for different attributes. These values are 
calculated by using the normal CV method for fatal risk reduction. VOSL is estimated to be 
higher for old persons, higher income group, smaller mileage group, person who has no 
accident experience or no acquaintance with accident experience than the other groups of 
attributes. These tendencies are consistent with almost reasonable according to the previous 
survey. (T Carthy et. al,1999 ) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8 Distribution of respondents’ experience of traffic accidents  
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Figure 9 Estimate VOSL for different attributes  
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4.2 Comparison of SG and CV questions 
 
Figure 10 shows the average ratio of non-fatal accident’s human costs to fatal human cost 
calculated by the SG method and CV method. If this average ratio, shown in the vertical axis, 
is 1, then human cost of injury of this category is the same as that of human cost of fatality. 
The horizontal axis shows the categories of injury seriousness, permanent disability, mild 
permanent disability, no permanent disability serious injury, slight injury as mentioned in 
previously 3.2.  
 
As shown in the diagrams 10 for both SG and CV, the level of injury be comes lower, human 
cost be comes smaller, and it can be said these are reliable estimations. But in case of the CV 
method, average ratios for serious casualties (severe permanent disability) and serious 
casualties (mild permanent disability) are larger than 1, which is unreliable estimation. It 
seems to be due to the fact that questions of willing-to-pay are independent for each injury 
level in CV methods, although SG questions can directly obtain ratios between two levels of 
severity of injuries.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.3 Comparison of visual version and normal version questions  
 
Figure 11 shows the standard deviation of the ratio of non-fatal accident’s human costs to 
fatal human cost calculated by visual and normal version of SG questions. Because the 
standard deviation shown in the vertical axis can be regarded as instability of the indices, 
results of questionnaire can be said to be more reliable if deviation value is smaller. 
According to these results, questions with visual effect are more reliable than questions with 
only texts.  
 
 

Figure 10 Average ratios of non-fatal human costs by SG and CV questions  
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4.4 Responders’ evaluation 
 
Figures 12 and 13 show responders’ evaluation with regard to easiness to understand  
questions comparing normal and visual questions. Among people who answered the questions 
for the first time ( Figure 12), ratio of “very easy” is larger in the visual version questions than 
normal version, although ratio of ‘very difficult’ is also larger in the visual version.  
Among people who answered the questions for the second time(Figure 13), visual version 
questions are highly clearly more appraised than the normal version. Therefore, it is clear that 
the visual version questionnaire is easer to understand than the version of only in words. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11 Standard deviation of ratios 
for non-fatal human costs by visual and normal versions 
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Figure 12 Responders evaluation of visual and normal version questions 
(First Questionnaire Survey) 



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.2 Estimated human cost of non-fatal injury in different countries 
 
Figure 14 shows a comparison between official values of UK’s previous study 
(Jones-Lee,1993) in the ratio of non-fatal human costs to fatal human cost that of Japan and 
from this study. Ratios of non-fatal human costs obtained in this study shown by the upper 
line are larger than ones from the UK study. They are also larger than the official values for 
cost benefit analysis for road investment appraisal of the Japanese Government (JRI,1998) as 
shown by the middle line. 
 
Therefore, it can be said that decrease of seriousness of traffic accidents and increasing users’ 
satisfaction for roads, by employing traffic calming, or ITS for safety purposes and so on 
would realize a large benefit on social cost, than presently thought in Japan. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14 Comparison of official values of countries and results of this study  
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Figure 13 Respondents evaluation for visual and normal version questions 
(Second Questionnaire Survey) 
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5. Conclusion 
 
1. According to comparative analysis on estimated ratios of non-fatal human cost to fatal 

cost it was found that the SG question is superior to the CV method.  
 
2. From the results of stability and respondents evaluations, it can be concluded that visual 

effects used by employing WEB techniques were effective. 
 
 
In future research, the authors would like to expand samples of the questionnaire survey and 
analysis to estimate appropriate VOSL and human cost for non-fatal injuries. Comparative 
study in Asian countries would also be important in order to promote safety projects fitting 
the needs of the countries.   
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