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Abstract

Between 1970 and 2004, there has been a 55% reduction in road fatalities per capita in countries of the Organisation for Economic Cooperation and Development (OECD). However, over the same period, motorcyclist fatalities per capita only decreased 44%. The number of motorcyclist fatalities accounted for an increasing proportion of all road users killed in Greece (+97%), Luxembourg (+25%) and the United States (+25%). Most studies have attributed the motorcycle safety problem to inexperience and unlicensed riders, riding under the influence of drugs or alcohol, bad riding behaviour and poor motorcycle maintenance. This paper analyses the effect of improvements in medical care and technology in reducing motorcyclist fatalities. Data from the International Road and Traffic Accident Database (IRTAD) and OECD health care data for 1970 to 2004 were used. A fixed effects Negative Binomial model is developed to examine the effect of improvements in medical care and technology. Three proxies of medical care and technology changes are considered. These are average length of inpatient stay in the hospital, physicians per capita and infant mortality rate. Results find that all these proxy variables are significant with the expected sign suggesting that improvements in medical care and technology have contributed to reduced motorcyclist fatalities. The results also reveal that increases in gross domestic product (GDP) per capita, motorcycles and non-motorcycle vehicles per capita are correlated with high motorcyclist fatalities. On the other hand, increases in population aged 25-64 years appears to be associated with decreases in motorcyclist fatalities.

1. Introduction


Between 1970 and 2004, there has been a 55% reduction in road fatalities per capita in countries of the Organisation for Economic Cooperation and Development (OECD). However, over the same period, motorcyclist fatalities per capita only decreased 44%. The number of motorcyclist fatalities accounted for an increasing proportion of all road users killed in Greece (+97%), Luxembourg (+25%) and the United States (+25%) (Table 1). 


Most studies have attributed the motorcycle safety problem to inexperience and unlicensed riders, riding under the influence of drugs or alcohol, bad riding behaviour and poor motorcycle maintenance. Various interventions have been implemented to reduce motorcycle-related accidents, such as compulsory helmet wearing and lowering the legal Blood Alcohol Concentration (BAC) limit. However, less attention has been paid to the effect of changes in medical care and technology. 


The purpose of this study is to estimate the effect of medical care and technology improvements in reducing motorcyclist fatalities. Physicians per capita was used as a proxy for medical care and medical technology improvements are proxied by the infant mortality rate and average inpatient stay days in hospital.  Findings indicate that medical care and technology improvements are an important factor in reducing motorcyclist fatalities. The paper is organised as follows. In the next section, prior research in this area is briefly reviewed. The data and methodology adopted in the study are discussed in sections 3 and 4. Finally, the last two sections present and discuss the results and conclusions.

2. Literature Review


This study hypothesizes that advances in medical care and technology have played a significant role in reducing motorcyclist fatalities. A number of studies have evaluated improvements in medical care and technology and have shown that fatalities from traffic related accidents could have been avoided if fast and efficient medical support were provided (Alexander, 1984; Cales, 1984; Onato, 1985; Hussain and Redmond, 1994; McDermott et al., 1996; Robert et al., 1996; Meislin et al., 1997). Approximately half of traffic-related fatalities occur mainly because of a delay in transporting patients to an emergency centre, or because of diagnostic delays or even unrecognised injuries (McDermott et al., 1996; Neuman et al., 1982).


Among recent empirical studies, Noland and Quddus (2004) study the impact of improvements in medical care and technology on traffic related fatalities. They looked at a range of statistics, including total number of deaths, serious and slight injury, average vehicle age, per capita expenditure on alcohol, GDP per capita and total length of roads, from 1979 to 1998 in Great Britain. Data on traffic fatalities and both serious and slight injuries were aggregated at the regional level based on the Standard Statistical Regions of the United Kingdom. They used the number of people awaiting treatment and the number of National Health Service (NHS) staff per capita as a proxy for improvements in medical care. Another medical related variable, the average length of stay in hospital, was used as a proxy for improvements in medical technology. Their study suggests that improvements in medical care and technology have significantly reduced traffic related fatalities. Results also suggest that the medical technology improvements seem to be more important than the changes in medical care.


In another empirical study, Noland (2003) analysed traffic mortality data from the International Road and Traffic Accident Database (IRTAD) for all industrialised countries. Three proxy variables were used to account for improvements in medical care and technology. These are the infant mortality rate, physicians per capita and the average number of days in the hospital for acute care. His analyses suggests that advances in medical care and technology is an important determinant that has lead to the reduction of traffic mortality in industrialised countries over the last 20-30 years.


Additional evidence for the medical technology and care effect was found by Antonio et al. (2001) and Avery et al. (2000). They evaluated the impact of the trauma care system on fatalities due to motor vehicle crashes. Their research findings reveal that implementation of an organised trauma care system can reduce traffic fatalities significantly. They attribute the reduction in traffic fatalities to the support provided by pre-hospital care and appropriate transportation, avoiding the aggravation of injuries and improving the time to treatment.


Several studies have reported that the relative fatality risk for motorcyclists is about 20 times higher compared to car passengers (Radin, et al., 1995; Preusser et al., 1995; Chin, 1991; Johnston, 1992). Besides the higher death rate, motorcyclists are also more likely to be injured when involved in an accident (Horswill and Helman, 2001). This is primarily because the motorcycle itself offers little protection to the riders in the event of a collision. Therefore the effect of improvements of medical care and technology, which has been found effective to reduce overall traffic fatalities in the literatures, may have less or no impact on motorcyclist fatalities. In view of this, this study analyses the effect of improvements in medical care and technology in reducing motorcyclist fatalities.

3. Data


We draw on a number of data sources to construct a country-level panel data set to use in our empirical analysis. First, we use IRTAD data on both motorcyclist fatalities and various exposure variables for 24 OECD countries from 1970 to 2004. We also use the OECD health data 2006 for medical care and technology data. This is an annual database developed by the OECD Health Policy Unit. The data were contributed by the member countries and verified by the OECD to ensure accuracy and consistency to allow accurate comparisons across healthcare systems.


Data for GDP are obtained from the Penn World Table (PWT)
 version 6.2 (Heston Alan et al., 2002). GDP is measured in 1996 US$ and is converted from local currency units using Purchasing Power Parity (PPP)
 indices, which is adjusted according to a common set of international prices. These indices reduce the effects of currency fluctuations and allow for comparison over time. Finally, annual mid-year estimates for national population are also taken from the Penn World Tables version 6.2.


We compare 24 OECD countries for the period 1970-2004. The countries examined are listed in Table 1. Not all variables were available across all observations in the data set. Hence, the number of observations used for each regression varies from model to model. Models B and  E have 530 observations. This is increased to 596 observations in Model A which omits all medical related variables. 

4. Methodology


The dependent variable, motorcyclist fatalities, has a discrete distribution and is limited to non-negative integer values. Therefore a standard ordinary least squares regression is not appropriate to model this sort of data (Jovanis and Chang, 1986; Miaou and Lum, 1993, Miaou et al., 1993). 


To overcome this problem, the Poisson model has been widely used to analyse count data where the dependent variable is discrete and defined for non-negative integers corresponding to the number of events occurring in a given interval. The Poisson model assumes that the errors follow a Poisson, instead of a normal probability distribution (Grace-Martin, 2000). However, the Poisson model has been criticized for its implicit assumption that the variance of the dependent variable is equal to its mean. It is common to find that the variance of dependent variables is greater than the mean, implying overdispersion, in count data analysis. Several factors contribute to overdispersion, including omitted variables, uncertainty in explanatory variables and correlations of dependent variables among sample units (Miaou et al., 1993; Washington et al., 2003).  In this study, we found significant evidence in each model of overdispersion. Thus, we used a Negative Binomial model, which allows for situations where there is overdispersion in a Poisson model.  


The negative binomial probability mass function (Greene, 1993), for each country i, can be expressed as,
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where Γ(.) is the gamma function, and ai is the rate of over-dispersion.


The method selected to estimate the effect of motorcyclist fatalities is the Negative Binomial fixed effects overdispersion model proposed by Hausman et al. (1984). This method has the additional benefit of accounting for heterogeneity in the data.

The model can be written as:
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The constant, ki, representing the average effect of excluded variables specific to the ith country; N represents the number of countries; Ti is the time period for an observation in the ith country. The unknown parameter vector β is estimated using the maximum likelihood of the conditional joint distribution (Greene, 1993).


The natural logarithm of the independent variables is used to minimize heteroskedasticity and also to allow easier interpretation of the relative elasticity values of the estimates. Elasticities were estimated to determine the impact of independent variables on motorcyclist fatalities. Elasticities can be interpreted as the percentage change in the average frequency of fatalities 
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due to a percent change in the independent variable.


Because the sample covers 1970-2004, it is necessary to control for time in the model. We do so by including year dummy variables for all years, except for the reference year of 2004. Therefore, the estimated parameters of the year dummy variables compare to year 2004. We would expect a positive impact on motorcyclist fatalities before year 2004 due to a downward trend in motorcyclist fatalities in OECD countries between year 1970 and 2004. With these time dummy variables, we control for unmeasured effects, which may affect the number of motorcyclist fatalities in OECD countries.


As part of the model construction steps, the variance inflation factor (VIF)  was examined for all of the explanatory variables included in the study to assess the potential problems with multicolinearity. VIF calculates the impact upon the variance of the explanatory variable resulting from the correlations among the regressors. The VIF of a given explanatory variable is, 
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where R2i is the square of the multiple correlation coefficient from the regression of the ith explanatory variable on all the other explanatory variables in the model. As R2i close to 1, there is a strong linear relationship among the explanatory variables, and the VIF for the ith coefficient approaches infinity. The variable is multicolinear if the VIF value is above the cut-off value 5 (Judge et al., 1982).

5. Results


Table 3 and 4 present the results from a Negative Binomial fixed effects overdispersion model using motorcyclist fatalities as the dependent variable.  The independent variables included in the analysis are GDP per capita, alcohol consumption per capita, motorcycle and non-motorcycle per 1,000 population, population aged 15-24 years, aged 25-64 years and aged 65 years or over, average inpatient stay days, physicians per capita and infant mortality rate. Of primary interest are the variables related to medical care and technology improvements. The risk of multicolinearity between variables has been checked through the VIF. Following the calculation of VIFs, we find that GDP per capita and year trend variable are greater than 5 (Table 2), indicating that multicolinearity may exist  in our dataset. 


The first model (Model A) contains no proxies for medical technology and care improvements. These are added in Models B, C, D and E. Due to colinearity with infant mortality rate (r=-0.72), GDP per capita is excluded from Models B and C. All models have logarithmic independent variables to minimize heteroskedasticity and also allow interpretation of the coefficients, directly, as elasticities. In Table 3, the year variable (time trend) is included in the models as a regressor to capture all omitted trending variables. One difficulty with doing this is that some variables were strongly correlated with the time trend. To correct for that, all models in Table 4 includes year dummy variables (less one) to control for potential differences between years. 


The primary hypothesis of this study is that advances in medical care and technology have played a significant role in reducing motorcyclist fatalities. The first proxy for medical care and technology used in the analysis is the average inpatient stay days in hospital. This variable measures improvement in medical technology. Table 5 shows that all the countries have decreased the average inpatient stay days in hospital, except Australia. In addition, there is also substantial variation amongst the countries in the database, suggesting that this variable may be a good proxy for medical technology improvements. Models B, D and E (Table 4) estimation results show that this variable is positively correlated with motorcyclist fatalities. This means that the improvement in medical technology that reduces average inpatient stay days reduce motorcyclist fatalities significantly. This is in line with the finding reported in Noland and Quddus (2004). They found that lower average inpatient stay days in the hospital are associated with lower traffic fatalities.


Together with the average inpatient stay days in hospital, infant mortality rate is one of the most common indicators of medical technology. In most OECD member countries, there have been a sharp decreases in the infant mortality rate (Table 5).  Infant mortality rate and GDP per capita have a high correlation (r=-0.72). This implies that multicolinearity may exist in model E. However, when GDP per capita is removed from the Model (Model B) infant mortality rate becomes significant. The regression results for Model B in Table 4 show that the marginal impact of infant mortality rates on motorcyclist fatalities is positive and significant. The positive sign indicates that lower infant mortality rate is associated with lower motorcyclist fatalities. 


The variable physicians per capita acts as a proxy for medical care. As expected, this variable is positive and significant at the 10% level or better in Models B, C, D and E, indicating that increases in the ratio of per capita physicians would have a significant impact in reducing motorcyclist fatalities. Physicians per capita variable is most significant  in Model C (Table 4) reports a negative elasticity  indicating that increases in physicians per capita would be expected to reduce motorcyclist fatalities. Estimates of physicians per capita in Models B, D and E (Table 4) are also negative though somewhat smaller in magnitude. These results are consistent with a study by Noland (2003), which found a significant negative relationship between physicians per capita and total traffic fatalities in OECD countries. 


Inclusion of the year variable as a time trend variable (Table 3) results in some problems with multicolinearity, especially with GDP per capita (r = 0.81), 25-64 age group (r = 0.7) and infant mortality rate (r = -0.66). However, the time trend shows some interesting results in Table 3. The time trend variable is most significant in Model A indicating that some unmeasured effect is causing a downward trend in motorcyclist fatalities over time. This model does not include medical-related variables.  Introducing medical-related variables, in Models B, C, D and E, reduces the statistical significance of the time trend variables. This variable scores the lowest significant level in Model B, which has all medical-related variables. This suggests that these medical-related variables are explaining much of the unexplained reduction in motorcyclist fatalities over time.


All estimated coefficients of the time dummy variables before year 2001 in Model A and before 1998 in Models D and E (Table 4) are positive and statistically significant, indicating that in each of these years there were some unmeasured variables that increased the number of  motorcyclist fatalities. However, the impact of the unmeasured variables is decreasing and becomes insignificant  after year 2000 in Model A and 1997 in Models D and E. 


In general, most of the remaining coefficient estimates and signs correspond to a priori expectations. In addition to medical care and technology improvement, the two proxies for mobility, motorcycle and non-motorcycle vehicles per 1,000 population are positively correlated with the total number of motorcyclist fatalities (Table 4). Higher levels of motorcycles and non-motorcycle vehicles per 1,000 population are associated with higher motorcyclist fatalities, and the estimated effect is significant at the 5 percent level. 


As expected, GDP per capita, as a proxy for individual income, has a positive effect on motorcyclist fatalities. The effect of increased GDP per capita is ambiguous and can have both positive and negative effects on road safety (Scuffham and Langley, 2002; Fuchs, 1974). On the one hand government expenditure on roadways may increase the quality of roads facilitating travel over longer distances, and hence, increase exposure to a crash. On the other hand, wealthier road users seek to avoid riskier activities by choosing or changing to safer transport modes.


Finally, the percent of population aged 15-24 and ≥ 65 were not correlated with motorcyclist fatalities. However, growth in population aged 25-65 appears to reduce motorcyclist fatalities. Alcohol consumption per capita carried a positive coefficient in Models A and B in Table 4, but the coefficient was insignificantly different from zero.


Generally the results show that the improvements in medical care and technology have lead to a reduction in motorcycle fatalities. To evaluate the relative magnitude of the effect of medical care and technology improvements, we estimated the change in fatalities using elasticities from the fixed effects Negative Binomial model in Table 4. These are calculated by aggregating for the 24 countries in the sample. Table 6 show how 1970 motorcycle fatalities would have changed by applying the elaticities estimated by the models to the 2004 levels of the variables. The age variable, percent of  the population aged 25-64 years,  with an elasticity of -4.291 has the largest elasticity, accounting for a reduction of -652 fatalities. Among the medical proxy variables, the change in infant mortality rate has the largest impact on motorcycle fatalities, accounting for a reduction of 111 fatalities. The other two proxies used to measure medical care and technology improvements, average inpatient stay days in hospital and physicians per capita, have smaller impacts on motorcycle fatalities. The effects of changes in average inpatient stay days in hospital has lead to about 91 fewer fatalities, while physicians per capita changes has accounted for about 50 fewer fatalities.   
6. Conclusions


The results of this paper add to the growing body of empirical evidence on the contribution of medical care and technology improvements to reduce traffic related fatalities. Evidence presented in this paper, based on international panel data of motorcyclist fatalities, indicates that advances in medical care and technology are associated with reduced motorcyclist fatalities in OECD countries. The three medical proxy variables used were physicians per capita, which represents the level of medical care, average inpatient stay days in hospital and infant mortality rate, representing changes in medical technology. 


To summarize other findings, a comparison of the estimates for the different specifications reveals that the estimate of GDP per capita is always statistically significant and very robust with respect to specification. Also, motorcycles per 1,000 population is robust as long as they are included. The results reveal that increases in motorcycles and non-motorcycle vehicles per 1,000 population seem to increase motorcyclist fatalities. The results indicate that increased population aged 25-64 years may lower motorcyclist fatalities. Finally, alcohol, population aged 15-24, aged ≥ 65 and  consumption per capita does not appear to have a significant effect on motorcyclist fatalities. 


There are, however, limits to this analysis warranting further research. A more complete database including data from developed and developing countries and information on helmet laws and specific medical knowledge linked to the type of injuries associated with motorcycle crashes could produce a very interesting study. However, considering the data available, this study offers a useful glance into an area of motorcycle safety, which has yet to be understood fully.
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Table 1: Percent change in motorcyclist fatalities per 10,000 population by country

	Country
	Fatalities per 10,000 population 1970
	Fatalities per 10,000 population 2004
	Percent change

	Australia
	0.302
	0.134
	-67.45

	Austria
	0.505
	0.174
	-65.58

	Belgium
	0.350
	0.222
	-36.50

	Canada
	0.093
	0.062
	-33.06

	Denmark
	0.398
	0.127
	-67.95

	Finland
	0.289
	0.065
	-77.51

	France
	0.632
	0.201
	-68.14

	Germany
	0.199
	0.119
	-40.31

	Greece
	0.232
	0.457
	97.15

	Hungary
	0.381
	0.093
	-75.64

	Italy
	0.398
	0.254
	-36.21

	Japan
	0.282
	0.103
	-63.59

	South Korea
	0.405
	0.240
	-40.70

	Luxembourg
	0.192
	0.240
	25.02

	Netherlands
	0.479
	0.093
	-80.59

	New Zealand
	0.153
	0.085
	-44.11

	Norway
	0.115
	0.094
	-18.70

	Poland
	0.290
	0.060
	-79.24

	Portugal
	0.431
	0.289
	-32.87

	Spain
	0.209
	0.178
	-14.50

	Sweden
	0.200
	0.082
	-58.96

	Switzerland
	0.483
	0.170
	-64.85

	United Kingdom
	0.139
	0.102
	-26.47

	United States
	0.109
	0.136
	25.03

	All
	0.255
	0.144
	-43.61


Table 2: Variance Inflation Factor values

	Variable
	Variance Inflation Factor

	GDP per capita
	8.15

	Year
	5.58

	Percent of  the population aged 25-64 years
	3.63

	Percent of  the population aged 15-24 years
	3.60

	Non-motorcycle vehicles per thousand population
	3.45

	Infant mortality rate
	2.79

	Average inpatient stay days in hospital
	2.76

	Percent of  the population aged 65 years or over
	2.26

	Physicians per capita
	1.91

	Motorcycles per thousand population
	1.81

	Alcohol consumption per capita
	1.31


Table 3: Fixed-effect Negative Binomial model with year trend variables
	
	Dependent variable (motorcyclist fatalities)

	
	Model A
	Model B
	Model C
	Model D
	Model E

	
	Coefficient
	Z-statistic
	Coefficient
	Z-statistic
	Coefficient
	Z-statistic
	Coefficient
	Z-statistic
	Coefficient
	Z-statistic

	ln(percent of  the population aged 15-24 years)
	-0.516
	-3.24**
	0.191
	1.25
	0.078
	0.47
	-0.14
	-0.87
	-0.048
	-0.29

	ln(percent of  the population aged 25-64 years)
	-3.000
	-5.98**
	-4.131
	-6.94**
	-2.196
	-4.16**
	-3.981
	-6.61**
	-4.023
	-6.78**

	ln(percent of  the population aged 65 years or over)
	-0.008
	-0.06
	-0.252
	-1.77*
	0.072
	0.53
	-0.202
	-1.42
	-0.198
	-1.38

	ln(GDP per capita)
	0.684
	7.29**
	-
	-
	-
	-
	0.582
	5.75**
	0.474
	4.17**

	ln(alcohol consumption per capita)
	-0.153
	-1.75*
	-0.112
	-1.16
	-0.056
	-0.61
	-0.294
	-3.20**
	-0.220
	-2.24**

	ln(motorcycles per thousand population)
	0.416
	11.86**
	0.387
	9.64**
	0.47
	12.36**
	0.445
	12.49**
	0.404
	10.13**

	ln(non-motorcycle vehicles per  thousand population )
	0.113
	2.11**
	0.136
	2.24**
	0.428
	7.77**
	0.154
	2.64**
	0.104
	1.76*

	ln(average inpatient stay days in hospital)
	-
	-
	0.516
	5.27**
	-
	-
	0.27
	2.59**
	0.308
	2.93**

	ln(physicians per capita)
	-
	-
	-0.423
	-4.57**
	-0.524
	-5.71**
	-0.515
	-5.38**
	-0.506
	-5.28**

	ln(Infant mortality rate )
	-
	-
	0.534
	4.62**
	-
	-
	-
	-
	-0.268
	-2.10**

	Year
	-0.059
	-10.07**
	-0.005
	-0.68
	-0.013
	-2.96**
	-0.024
	-2.62**
	-0.027
	-2.92**

	Constant
	126.09
	11.33**
	27.642
	1.95*
	34.248
	4.14**
	60.7
	3.52**
	67.174
	3.92**

	N
	596
	
	530
	
	572
	
	533
	
	530
	

	Log likelihood
	-3292.4
	
	-2898.8
	
	-3141.9
	
	-2913.5
	
	-2889.9
	

	Groups (number of countries)
	24
	
	24
	
	24
	
	24
	
	24
	


** - Significant at 5% level

* - Significant at 10% level

Table 4: Fixed-effect Negative Binomial model with year dummy variables

	
	Dependent variable (motorcyclist fatalities)

	
	Model A
	Model B
	Model C
	Model D
	Model E

	
	Coefficient
	Z-statistic
	Coefficient
	Z-statistic
	Coefficient
	Z-statistic
	Coefficient
	Z-statistic
	Coefficient
	Z-statistic

	Ln(percent of  the population aged 15-24 years)
	-0.157
	-0.95
	0.116
	0.71
	-0.234
	-1.42
	0.131
	0.81
	0.159
	0.97

	Ln(percent of  the population aged 25-64 years)
	-1.72
	-3.63**
	-4.291
	-7.68**
	-2.916
	-5.35**
	-3.214
	-6.11**
	-3.306
	-6.26**

	Ln(percent of  the population aged 65 years or over)
	0.207
	1.56
	0.275
	1.62
	0.056
	0.41
	-0.129
	-0.86
	-0.134
	-0.87

	ln(GDP per capita)
	1.996
	14.48**
	-
	-
	-
	-
	1.941
	12.38**
	1.829
	9.82**

	ln(alcohol consumption per capita)
	0.011
	0.13
	0.095
	0.92
	-0.029
	-0.31
	-0.178
	-1.34
	-0.137
	-1.41

	ln(motorcycles per thousand population)
	0.349
	10.73**
	0.38
	9.49**
	0.513
	13.84**
	0.335
	10.07**
	0.316
	8.79**

	ln(non-motorcycle vehicles per  thousand population )
	-0.017
	-0.41
	0.169
	2.93**
	0.451
	7.87**
	0.0185
	0.40
	0.007
	0.16

	ln(average inpatient stay days in hospital)
	-
	-
	0.598
	4.97**
	-
	-
	0.352
	3.47**
	0.371
	3.55**

	ln(physicians per capita)
	-
	-
	-0.327
	-3.53**
	-0.519
	-5.67**
	-0.238
	-3.02**
	-0.245
	-3.07**

	ln(Infant mortality rate)
	-
	-
	0.731
	6.10**
	-
	-
	-
	-
	-0.149
	-1.25

	Constant
	-11.986
	-4.55**
	17.778
	7.11**
	10.645
	4.18**
	-5.38
	-1.82*
	-3.691
	-1.12

	Year 1970
	4.491
	15.71**
	0.441
	1.65*
	0.400
	2.11**
	3.491
	8.95**
	3.424
	8.61**

	Year 1971
	4.445
	16.00**
	0.518
	1.95*
	0.512
	2.69**
	3.531
	9.13**
	3.463
	8.77**

	Year 1972
	4.273
	15.71**
	0.427
	1.73*
	0.450
	2.44**
	3.396
	9.12**
	3.336
	8.79**


** - Significant at 5% level

* - Significant at 10% level

	
	Dependent variable (motorcyclist fatalities)

	
	Model A
	Model B
	Model C
	Model D
	Model E

	
	Coefficient
	Z-statistic
	Coefficient
	Z-statistic
	Coefficient
	Z-statistic
	Coefficient
	Z-statistic
	Coefficient
	Z-statistic

	Year 1973
	3.996
	15.39**
	0.427
	1.73*
	0.373
	2.11**
	3.174
	8.96**
	3.116
	8.64**

	Year 1974
	3.773
	15.29**
	0.387
	1.59
	0.366
	2.11**
	2.973
	8.76**
	2.921
	8.46**

	Year 1975
	3.562
	14.91**
	0.256
	1.09
	0.240
	1.41
	2.745
	8.36**
	2.695
	8.07**

	Year 1976
	3.361
	14.68**
	0.171
	0.75
	0.218
	1.31
	2.537
	8.08**
	2.487
	7.78**

	Year 1977
	3.206
	14.61**
	0.157
	0.71
	0.216
	1.32
	2.425
	8.01**
	2.375
	7.70**

	Year 1978
	3.016
	14.49**
	0.15
	0.70
	0.236
	1.46
	2.279
	7.91**
	2.231
	7.59**

	Year 1979
	2.741
	14.11**
	0.076
	0.37
	0.178
	1.13
	2.016
	7.43**
	1.974
	7.15**

	Year 1980
	2.574
	14.26**
	0.125
	0.62
	0.253
	1.65
	1.872
	7.36**
	1.837
	7.11**

	Year 1981
	2.404
	14.04**
	0.097
	0.49
	0.247
	1.64
	1.725
	7.09**
	1.692
	6.85**

	Year 1982
	2.260
	13.69**
	0.066
	0.34
	0.212
	1.42
	1.603
	6.89**
	1.571
	6.65**

	Year 1983
	2.169
	13.66**
	0.103
	0.55
	0.243
	1.65
	1.550
	6.93**
	1.521
	6.71**

	Year 1984
	2.042
	13.48**
	0.098
	0.55
	0.268
	1.86
	1.454
	6.84**
	1.43
	6.64**

	Year 1985
	1.901
	13.06**
	0.086
	0.49
	0.266
	1.86
	1.339
	6.56**
	1.316
	6.36**

	Year 1986
	1.773
	12.61**
	0.079
	0.47
	0.240
	1.7
	1.242
	6.37**
	1.221
	6.18**

	Year 1987
	1.619
	12.00**
	0.112
	0.68
	0.227
	1.63
	1.124
	6.08**
	1.107
	5.93**

	Year 1988
	1.482
	11.55**
	0.149
	0.93
	0.253
	1.82
	1.011
	5.82**
	0.995
	5.68**

	Year 1989
	1.389
	11.45**
	0.168
	1.08
	0.303
	2.2**
	0.913
	5.59**
	0.902
	5.48**


Table 4 (Continued)

	
	Dependent variable (motorcyclist fatalities)

	
	Model A
	Model B
	Model C
	Model D
	Model E

	
	Coefficient
	Z-statistic
	Coefficient
	Z-statistic
	Coefficient
	Z-statistic
	Coefficient
	Z-statistic
	Coefficient
	Z-statistic

	Year 1990
	1.236
	10.69**
	0.137
	0.89
	0.315
	2.34**
	0.803
	5.19**
	0.795
	5.12**

	Year 1991
	1.101
	9.75**
	0.098
	0.67
	0.256
	1.91
	0.717
	4.84**
	0.708
	4.74**

	Year 1992
	0.955
	8.51**
	0.013
	0.09
	0.141
	1.04
	0.600
	4.28**
	0.597
	4.25**

	Year 1993
	0.913
	8.10**
	0.006
	0.00
	0.097
	0.71
	0.550
	3.95**
	0.538
	3.84**

	Year 1994
	0.789
	7.15**
	-0.017
	-0.13
	0.077
	0.57
	0.475
	3.6**
	0.463
	3.49**

	Year 1995
	0.661
	6.10**
	-0.103
	-0.76
	0.041
	0.3
	0.378
	2.97**
	0.381
	2.99**

	Year 1996
	0.532
	4.94**
	-0.072
	-0.54
	-0.014
	-0.1
	0.281
	2.27**
	0.26
	2.08**

	Year 1997
	0.481
	4.55**
	-0.095
	-0.71
	0.017
	0.13
	0.286
	2.41**
	0.268
	2.22**

	Year 1998
	0.361
	3.35**
	-0.134
	-0.98
	-0.044
	-0.32
	0.206
	1.74
	0.187
	1.56

	Year 1999
	0.294
	2.60**
	-0.068
	-0.52
	-0.072
	-0.51
	0.173
	1.42
	0.15
	1.23

	Year 2000
	0.252
	2.42**
	-0.065
	-0.49
	-0.011
	-0.08
	0.162
	1.42
	0.148
	1.29

	Year 2001
	0.138
	1.31
	-0.096
	-0.72
	-0.037
	-0.27
	0.093
	0.82
	0.083
	0.72

	Year 2002
	0.103
	1.00
	-0.096
	-0.73
	-0.036
	-0.27
	0.059
	0.52
	0.044
	0.39

	Year 2003
	0.040
	0.38
	-0.095
	-0.71
	-0.031
	-0.23
	0.004
	0.03
	-0.007
	-0.07

	N
	596
	
	530
	
	572
	
	533
	
	530
	

	Log likelihood
	-3218.3
	
	-2868.3
	
	-3117
	
	-2846.4
	
	-2823.9
	

	Groups (number of countries)
	24
	
	24
	
	24
	
	24
	
	24
	


Table 4 (Continued)

	Country
	Infant mortality per 1000 births in 1970
	Infant mortality per 1000 births in 2004
	Percent change
	Physicians per capita in 1970
	Physicians per capita in 2004
	Percent change
	In patient care days in 1970
	In patient care days in 2004
	Percent change

	Australia
	17.9
	4.7
	-73.74
	1.2
	2.6 (2003)
	116.67
	17.3 (1985)
	17.3
	0.00

	Austria
	25.9
	4.5
	-82.63
	1.4
	3.5
	150.00
	22.2
	7.8 (2003)
	-64.86

	Belgium
	21.1
	4.3
	-79.62
	1.5 (1971)
	4
	166.67
	20.7 (1977)
	7.3 (2003)
	-64.73

	Canada
	18.8
	5.3 (2003)
	-71.81
	1.5
	2.1
	40.00
	11.5
	8.7 (1999)
	-24.35

	Denmark
	14.2
	4.4
	-69.01
	1.4
	3
	114.29
	18.1
	5.2
	-71.27

	Finland
	13.2
	3.3
	-75.00
	0.9
	3.6
	300.00
	24.4
	10
	-59.02

	France
	18.2
	3.9
	-78.57
	1.2
	3.4
	183.33
	26.1
	13.4
	-48.66

	Germany
	22.5
	4.1
	-81.78
	1.3
	3.4
	161.54
	23.7
	10.4
	-56.12

	Greece
	29.6
	4.1
	-86.15
	1.6
	4.9
	206.25
	15
	8.4 (2000)
	-44.00

	Hungary
	35.9
	6.6
	-81.62
	2
	3.3
	65.00
	15.4
	8.2
	-46.75

	Italy
	29
	4.1
	-85.86
	1.1
	6.3
	472.73
	19.1
	7.7 (2003)
	-59.69

	Japan
	13.1
	2.8
	-78.63
	1.1
	2
	81.82
	55.3
	36.3
	-34.36

	Korea
	45
	5.3 (2002)
	-88.22
	0.5 (1980)
	1.6
	220.00
	14 (1971)
	13.5 (2003)
	-3.57

	Luxembourg
	17.6
	4.9
	-72.16
	1.1
	2.8
	154.55
	27
	15.3 (1996)
	-43.33

	Netherlands
	13.2
	4.8
	-63.64
	1.2
	3.6
	200.00
	38.2
	32.5 (1996)
	-14.92

	New Zealand
	17.1
	6.2 (2003)
	-63.74
	1.1
	2.2 (2003)
	100.00
	15.8
	6.9 (2003)
	-56.33

	Norway
	13.8
	3.4
	-75.36
	1.4
	3.5
	150.00
	21
	8.2
	-60.95

	Poland
	37.5
	7
	-81.33
	1.4
	2.3
	64.29
	16
	7.9
	-50.63

	Portugal
	55.8
	4.1
	-92.65
	0.9
	3.4
	277.78
	23.8
	8.9
	-62.61

	Spain
	30.2
	3.6
	-88.08
	1.3
	3.4
	161.54
	18 (1972)
	8.7 (2003)
	-51.67

	Sweden
	11.7
	3.1
	-73.50
	1.3
	3.3 (2003)
	153.85
	27.2
	6
	-77.94

	Switzerland
	15.4
	4.3
	-72.08
	1.5
	3.8
	153.33
	26
	11.9
	-54.23

	United Kingdom
	18.6
	5.3
	-71.51
	0.9
	2.3
	155.56
	25.7
	7.2
	-71.98

	United States
	20.9
	6.9
	-66.99
	1.6
	2.4
	50.00
	14.9
	6.5
	-56.38


Table 5: Percent change in medical care and technology variables by country

Table 6: Estimated change in motorcycle fatalities between 1970 and 2004 (results from model 4-B)

	
	Fatality elasticity
	Change in 1970 fatalities with 2004 values of each variable

	Percent of  the population aged 15-24 years
	a
	a

	Percent of  the population aged 25-64 years
	-4.291
	-652

	Percent of  the population aged 65 years or over
	a
	a

	GDP per capita
	a
	a

	Alcohol consumption per capita
	a
	a

	Motorcycles per thousand population
	0.38
	58

	Non-motorcycle vehicles per  thousand population
	0.169
	26

	Average inpatient stay days in hospital
	0.598
	-91

	Physicians per capita
	-0.327
	-50

	Infant mortality rate
	0.731
	-111


a Not significant at 90% level   

* Corresponding author.  Tel.: +44-20-7594-6086; fax: +44-20-7594-6102; Email address: thlaw@ic.ac.uk.





� The PWT version 6.2 is produced by The Center for International Comparisons at the Univerisity of Pennsylvania. The table contains about 30 national accounts economic time series variables covering about 167 countries over some or all the years 1950-2004.


� The PPP doctrine asserts that the exchange rate between two countries is determined by the two countries’ relative price levels, and therefore prices in a common currency should be identical across countries.
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