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Assessing the Safety Effects of Road Safety-Related Policies:
Preventing Drunk Driving and Deregulation of Intercity Bus Industry

Student: Yeh, ChunChih Advisor: Dr. Chang, HsinLi

Department of Transportation Technology and Management

National Chiao Tung University

Abstract

This study aims to deal two related issues about measuring the safety effects of
transport safety-related policies- the temporal effects of accident prevention policies
focused on individual drivers’ behaviors and the safety impacts of deregulation of
intercity bus industry on individual bus companies. The former is essentially
addressed on measuring the general deterrence of the policy and its temporal variation
based on the life cycle theory. The implementation of criminal sanctions for drunk
driving (CSFDD) in Taipei City is then taken as an empirical example to determine
whether the time variability of the safety effect really existed for the CSFDD. The
latter aims to determine the safety impacts of deregulation on individual transport
companies based on Reason’s organizational accident theory (1997). Causal factor

analysis techniques are employed to investigate the issues.

Life cycle theory is applied to describe the potential changing patterns of the
safety effects of the accident reduction policy. Causal factor analysis techniques with
dummy-based and time-based specifications are developed to measure the average
effects and temporal effects of the CSFDD policy. The time-based specification model
was demonstrated to be better than the dummy-based specification model in
evaluating the effect of safety policy on reducing the alcohol-related crashes here.
Excluding the influences brought about by enforcement and alcohol consumption, the

safety effect pattern over time for the CSFDD policy was explored in an observation
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period of 20 months following its implementation. We found that there existed a
temporal variation for the intervening policy. In addition, we explore the potential
fallacies in measuring the safety effects of the policy with different observational
periods. The findings of this chapter provide a set of valuable information for policy
evaluation and alert the analysts to interpret their evaluation results carefully to avoid
making an inappropriate conclusion. Also, we suggest that monitoring the effects of
the policy along with its implementation time period may be more beneficial than

evaluating the effect within some given observational time period.

Organizational accident theory proposed by Reason (1997) is applied to develop
a framework relating the safety performance to organizational and environmental
factors for a bus companies. Deregulation of intercity bus industry in Taiwan provides
an opportunity to answer the important research issue concerning whether
deregulation would bring negative impacts on safety performance. This issue is a
cross-section study to determine whether deregulation has negative impacts on
individual bus companies from a comparison of the safety performance of the bus
companies with providing intercity bus services and those without providing intercity
bus services. The results show that the new established bus companies in the era of
deregulation have indifferent safety performance with other old bus companies. The
novice operators in intercity bus services have experienced poor safety performance
than those old bus companies without providing intercity bus services. The
organizational factors and other environmental factor also appear significant effects
on the safety performance of individual bus companies. The results not only provide
authorities to identify which companies have higher accident risk, but also offer very
valuable information to design more appropriate strategies or safety regulations on

improving safety performance of bus companies. Finally, we suggest some safety
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regulation policies be conducted in conjunction with the implementation of economic
deregulation in order to pursue a better safety performance by the bus transport
industry as a whole, rather than just prevent the deterioration of the existing safety

performance.
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CHAPTER 1

Introduction

This study examines two related topics in measuring safety effects of transport
safety-related policies: the safety effects of the accident prevention policy and the
impacts of deregulation of intercity bus industry on safety performance of bus
companies. The first topic is to apply life cycle theory to determine the temporal
variation of the effect the accident prevention policy. In addition, the demonstration
concerning the potential fallacies in measuring the effects of the accident prevention
policy with different observational periods is presented in this study. The second topic
aims to apply Reason’s organizational accident theory (1997) to formulate the safety
performance models of individual bus companies relating the safety performance to
organizational and environmental factors. We will discuss motivations, objectives,
approaches, overview and contributions of the research in detail in the following

parts.

1.1 Research Motivations

Traffic accidents demand many lives and cause huge social cost every year. How
to reduce accidents effectively is a main issue concerned by the public, authorities and
researchers in many countries. Many interventions from enforcement, education, and
engineering aspects have been developed and implemented to prevent the occurrence
of accidents. Although every intervention is implemented with some safety objective,
the intervention may be do more harm than good or ineffective (Evans, 1985).
Because the resource available to improve safety is very limited, the resource devoted
in the ineffective intervention could be put to other interventions. Thus, to determine

whether one safety intervention is effective on accident reduction seems beneficial in

-1-



allocation of resources and road safety management.

Therefore, a lot of observational before-and-after studies have been conducted to
try and measure their effects on reducing the accident rate (e.g. Rogers and Schoenig,
1994; Hauer, 1997; Voas et al., 2000). Basically, the safety effect of an intervention
policy either comes out quickly following its implementation (e.g. pavement
resurfacing), or appears gradually (e.g. safety education). In addition, once the safety
effect appears, it may increase with time over some period to reach its maximum, and
then sustain this maximum effect indefinitely or decline gradually. The effect of safety
measures may vary over time due to changes in the enforcement efforts, the design of
the measures, and changes in public attention or social norms over time. Thus, the
temporal variation of the safety effect implies that each intervention policy may have
its own unique evolution process within a different context. This means that
researchers will face the problem of deciding when it is the appropriate time to

measure the safety effect of a prevention policy after its implementation.

Most of relevant studies have been undertaken to measure the average effect of
the policy or the compound effects of several influencing factors (Rogers and
Schoenig, 1994; Hauer, 1997; Voas et al., 2000; Chang and Yeh, 2003ab). However,
the temporal variation of the effect of the policy has not been measured quantitatively
in past literature. The temporal variability may bias the results of the evaluation
studies and lead to a misunderstanding of the safety effect of the policy. Thus, the first
topic in this study is conducted to measure the temporal effect of the policy on
reducing accidents. A new method based on life cycle theory is proposed to measure
the temporal effect of the policy quantitatively with controlling other influencing

factors.

The safety performance of transport companies is second topic addressed in this
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study. The issue concerning whether deregulation of transportation has brought
negative safety impacts is one of most frequent evaluated policies in organizational
level. Although deregulation is an economic policy, the research issues concerning the
safety impact of deregulation of different transport industries, including trucking,
airlines, and bus, have been received much attention in literature (e.g. Chow, 1987;
Capelle and Beilock, 1987; Jerome, 1985; Evans, 1994; White et al., 1995; White,
1995). Some studies found that no negative safety effects appeared on the whole
industry (Chow, 1987; Capelle and Beilock, 1987; Jerome, 1985; Evans, 1994; White
et al., 1995; White, 1995), but some found that deregulation might change the
behaviors of truck companies, and affect their safety performance (Chow, 1989; Corsi
and Fanara, 1989; Jovanis, 1989). The inconsistencies appeared between the impacts
of deregulation on the safety performance of individual carriers and the transport

industry as a whole.

Intercity bus transportation, which handles more than 60% of the intercity
passenger trips in recent years, is the primary mode for long distance travel in Taiwan
(MOTC, 2002). In Taiwan, under the pressure of rapid market expansion and
worldwide enterprise privatization, the entry barrier to the intercity bus market was
removed in 1995. Many new companies have joined the existing bus companies in
this deregulated market. Deregulation has resulted in some positive effects on
intercity transportation service, such as lower fares, more frequent service and new
vehicles with luxurious entertainment facilities. However, deregulation has also
brought the pressure of competition to bus companies. This could force bus
companies to reduce resources previously allocated to safety management, and
thereby posing a threat to their safety performance. Moreover, with deregulation, less

experienced companies and drivers have entered the industry. A serious question that



has arisen from deregulation is: will the higher accident risk associated with the lack
of experience of these novice companies will be offset by the implementation of new

safety management concepts and new vehicles?

Deregulation of intercity bus industry in Taiwan provides an opportunity to
explore the reasons why the inconsistencies existed in literature and determine the
effects of deregulation, organizational and environmental factors on safety

performance of individual bus companies.

1.2 Research Objectives

Since measuring the effects of road safety-related policies is an important
research issue in road safety improvement, two road safety-related topics focused on
deterring individual drivers’ behaviors and safety performance of transport companies
respectively are presented in this study. First topic addressed in this study aims to
apply life cycle theory to formulate the model in measuring the temporal effects of the
safety-related policy. The drunk driving prevention policy in Taiwan is taken as an
empirical example. In addition, because the temporal variation of the effects of the
policies may mislead the interpretation of the results, the issue concerning the
potential fallacies in measuring the effect of the policy with different observational
periods is presented and demonstrated by the same example. Second topic in this
study is undertaken to explore the safety impacts of deregulation of intercity bus
industry, and provide some policy implications to improve the safety performance of
bus companies. The framework based on Reason’s organizational accident theory
(1997) is developed to relate the organizational and environmental factors to the
safety performance of individual bus company. The deregulation of intercity bus

industry in Taiwan is taken as an empirical example to provide valuable knowledge



concerning the safety impacts of deregulation, organizational factors and
environmental factors on safety performance of individual bus companies. The
objectives of second part of this study are not only to explore whether the
deregulation brought some negative impacts on safety performance, but also to find
out some policy implications for improving safety performance of individual bus

companies.
Consequently, the main objectives of this dissertation are as follows:

(1) Applying life cycle theory to describe the potential changing patterns of the

effect of the safety policy.
(2) Modeling the temporal effects of the safety policy based on the life cycle theory.

(3) Presenting a detail comparison and discussion for the potential fallacies in

measuring the effects of the safety policy with different observational periods.

(4) Developing a framework to formulate the safety performance models of

individual bus companies by applying Reason’s organizational accident theory.

(5) Modeling the relationships between the safety performance and organizational
and environmental factors. Thus, the models could be used to measure the safety
impacts of deregulation. Furthermore, some policy recommendations may be
derived from the findings of the research to improve the safety performance of

the bus industry.

1.3 Research Approach

In order to measure the safety effects of the two kinds of transport safety policies,
this study tries to develop two different frameworks based on life cycle theory and

Reason’s organizational accident theory (1997) respectively. Life cycle theory is used
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to describe the changing pattern of the safety effects of the intervention in first topic.
Then, causal factor analysis techniques with dummy-based and time-based
specifications are developed to measure the changing safety effects of the intervention
along with its implementation time period with controlling the other influencing
factors. The implementation of criminal sanctions for drunk driving (CSFDD) in
Taipei City is then taken as an empirical example. In addition, the other important
issue about measuring the effects of the intervention with different observational time
period may arise from the existence of temporal variation of the effect. Therefore, we
demonstrate that the potential fallacies in measuring effects of the intervention with
different observational time periods by using pair-t tests, causal factor analysis
techniques with dummy based specifications, and causal factor analysis techniques

with time-based specifications.

In second topic of this study, Reason’s organizational accident theory (1997) is
applied to develop a framework describing the safety performance is determined by
organizational and environmental factors in order to determine the impact of
deregulation on individual bus companies. Deregulation of intercity bus industry in
Taiwan has been taken as an empirical example. Causal factor analysis techniques are
employed to formulate the safety performance models of individual bus companies

based on the framework proposed in this study.

1.4 Overview of Thesis

This thesis is organized as follows. Chapter 2 presents a brief literature review
regarding the evaluation studies of road safety measures. Chapter 3 presents how to
measure the effect of the drunk driving prevention policy using the life cycle theory,

and Chapter 4 addresses the potential fallacies in measuring the effects of accident



prevention policies with different observational periods. Chapter 5 proposes a

framework to formulate the safety performance models of individual bus companies

relating accident rates to organizational and environmental factors based on Reason’s

organizational accident theory (1997). Chapter 6 summarizes and concludes this

study.

1.5 Research Contributions

The main contributions of this study are summarized as follows:

(1

)

3)

4

)

Applying life cycle theory to describe the evolution process of the effect of

an accident prevention policy during its implementation period.

Development of a method based on causal factor analysis techniques to

measure the temporal variation of the effect quantitatively.

Demonstration and discussion the issue regarding the potential fallacies in
measuring the effects of accident prevention policies with different

observational periods.

Development of an integrated framework to formulate safety performance
models of individual bus companies. The models relate the safety
performance to organizational and environmental factors in order to provide
the answers for the important research issues in relevant literature: Has
deregulation policy affected the safety performance of bus industry? Had
deregulation policy influenced each individual bus operator’s behavior and

safety performance?

Assessment of the effects of the organizational an environmental factors on

the safety performance of individual bus companies. The policy
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recommendations based on the results are proposed to improve the safety

performance of bus companies.

CHAPTER 2

Literature Review

This chapter presents a short literature review on measuring the effects of safety
intervention in road safety, and relevant studies concerning the safety impacts of

deregulation.

2.1 The evaluation of accident prevention measures in literature

Most of the safety measures evaluation studies could be divided into two types,
including macro-level and micro-level. The macro level is that the studies evaluate the
effects of safety measures in deterring some types of risky behaviors, such as drunk
driving, speeding, and etc, in aggregate level, while the micro level implies that the
studies evaluate the effect of safety measures in deterring some risky behaviors in
individual level. In addition, the safety measures may have two kinds of effects
(Rogers and Schoenig, 1994; DeYoung, 1999, 2000), including specific deterrent
effects and general deterrent effects. The specific deterrence of a safety measure is
defined that the effect among the some types of offenders who experience the punitive
effects of the new laws (Rogers and Schoenig, 1994, DeYoung, 1999; McArthur and
Kraus, 1999). The general deterrence implies that the new laws or measures would
cause a general deterrent effect among the potential offenders who would be deterred
from violation by the mere threat of the new law’s punitive nature (Rogers and
Schoenig, 1994; McArthur and Kraus, 1999; DeYoung 2000). The general deterrence
of laws or measures for reducing a given risky behavior is important in the context of

reducing overall given risky behavior across the whole population of drivers.

-8-



Thus, the studies in individual level measure the specific deterrence of the
intervention primarily (McArthur and Kraus, 1999; DeYoung, 1999). The general
deterrence of the policy may be measured in the aggregate level study (Rogers and
Schoenig, 1994; DeYoung, 2000). While the specific deterrence is limited to traffic
offenders only, the general deterrence is expanded its deterrence to the potential ones.
Moreover, the specific deter effect of drunk driving measures are estimated under
10% from meta-analysis conducted by Wells-Parker et al. (1995). The general deter
effect of drunk driving measures may be estimated higher than 10% (Rogers and
Schoenig, 1994; Chang and Yeh, 2003a). However, one measure or intervention has a
specific deterrent effect doesn’t mean that has a general deterrent effect. Some
intervention has been found to have a significant specific deterrent effect, but has an
insignificant general deterrent effect (DeYoung, 1999, 2000). Rather, maximizing the
general deterrence seems more important for authorities due to the larger size of the

effect and its influencing scope.

Drunk driving problem not only resulted in many road accidents but also
imposed huge costs to one society (Miller and Blewden, 2001). Thus, drunk driving
problem is received major concerned in many countries (Rogers and Schoenig, 1994;
Gruenewald and Ponicki, 1995; Wells-Parker et al., 1995; Deshapriya and Iwase,
1996; Ruhm, 1996; Roeper and Voas, 1998; Taxman and Piquero, 1998; Peek-Asa,
1999; McArthur and Kraus, 1999; Frick et al., 2000; Miller and Blewden, 2001; Voas
and DeYoung, 2002; Chang and Yeh, 2003a). Much research on this issue has been
conducted from different fields, such as road safety (Rogers and Schoenig, 1994;
Gruenewald and Ponicki, 1995; Wells-Parker et al., 1995; Deshapriya and Iwase,
1996; Roeper and Voas, 1998; Voas et al., 2000; Voas and DeYoung, 2002;), public

health (Peek-Asa, 1999; McArthur and Kraus, 1999; Frick et al., 2000; Rehn and



Gerhard, 2001), economic (Ruhm, 1996), and criminal science (Taxman and Piquero,
1998). This problem also has been concerned in Taiwan due to opening of the

alcohol-related product market (Chang and Yeh, 2003ab).

The specific deterrence and general deterrence of different measures in
alcohol-related crashes reduction are examined very much in past literature. However,
the temporal variation of the effect of measures has been received less attention in
literature (Chang and Yeh, 2003ab). Hauer (1997) mentioned the effect of road safety
measures has temporal variation. Also, in one study concerning the effects of drunk
driving prevention measures in Taiwan (Chang and Yeh, 2003a) also indicated that

there is the temporal variation on the effect of the safety intervention.

The conventional methods employed to measure the effect of an intervention
policy regarding accident reduction can be classified into three categories. They are:
pair-t test, time series analysis, and causal factor analysis (Hauer, 1997; Lacey and
Jones, 2000; Chang and Yeh, 2003a). In the pair-t test approach, the average accident
frequencies (or accident rates) before and after implementing the intervention policy
are collected respectively, and the pair-t test is then applied to determine whether
these two average values are significantly different. Two problems are noted when
using the pair-t test to measure the safety effect. First, the accident reduction cannot
guarantee to be the result of the intervention policy for lack of comparison with
controlled counterparts. Second, if the safety effect following the implementation of a
policy is not constant over time, how long after implementation will be the right time

to measure its safety effect?

Time series analysis is another commonly used evaluation approach for
measuring the safety effect of an intervention policy. Through model estimation and

prediction, time series analysis can explore the trend of accident occurrences over
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time, and help the analysts to determine whether the intervention policy was effective
in reducing the rate of traffic accidents. However, time series analysis is argued by its
inherent drawback that it cannot discern the specific effects of individual factors
affecting the accident occurrence. Although this drawback could be somewhat
improved by applying a multivariate time series model instead of a univariate time
series model, nevertheless, the complicated technical requirements for modeling and
computing often discourage the analysts from trying to do so. Furthermore, time
series analysis involves a considerable amount of “data mining” and needs more
observational data in evaluating the safety effect (Rogers and Schoenig, 1994;
DeYoung, 2000; Rehn and Gerhard, 2001). The end-result is that the evaluation work
is unable to be conducted within a short period after the implementation of the

intervention policy.

Causal factor analysis is the most popular tool for evaluating the safety effect of
policy intervention (Miaou, 1994; Dionne et al., 1995; Agresti, 1996; Sohn, 1999; Li
et al., 2001; Chang and Yeh, 2003a). This type of regression model is usually
estimated by the least squares or maximum likelihood estimation methods (Agresti,
1996). The capability of differentiating the safety effect of policy intervention from
other factors makes the causal factor analysis model superior to other models.
However in the literature, the effect of a policy intervention is commonly formulated
by a dummy variable in the causal factor analysis models, like the linear regression or
Poisson regression models (Miaou, 1994; Chang and Yeh, 2003a). It only shows the
average safety effect of the intervening policy over the study period, and fails to see

the temporal variation of the safety effect during its evolution process.

Thus, exploring the temporal variation of road safety polices and measuring its

temporal effects quantitatively is an important research issue in the field of road
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safety.

2.2 The safety impacts of deregulation on transportation

The transportation industries, such as airlines, trucking, and bus transportation, in
developed countries have been deregulated since 1970s and 1980s (Chow, 1987;
Capelle and Beilock, 1987; Jerome, 1985; Evans, 1994; White et al., 1995; White,
1995). In addition to the economic effects of deregulation of transportation industries,
the safety impacts of deregulation had received much attention. The past literature
shows that no deterioration of safety performance was found after deregulation of the
bus and coach industries in Britain (Evans, 1994; White et al., 1995; White, 1995) as
well as deregulation of the trucking and airline industries in the United States (Chow,
1987; Capelle and Beilock, 1987; Jerome, 1985). However, some studies indicated
that the deregulation of the trucking industry was found to change the behavior of the
carriers, and influence their safety performance (Chow, 1989; Corsi and Fanara, 1989;

Jovanis, 1989).

Organizational factors, which include firm size, fleet age, fleet size, operational
mileage, type of cargo, and compliance with safety regulations, have been found to
significantly affect the carriers’ safety performance in the trucking industry (Corsi and
Fanara, 1989; Moses and Savage, 1992, 1994; Mejza, 1998; Arnold and Hartley,
2001). The associations between safety performance and company characteristics,
including the type of operation and the size of fleet, were also explored recently for

passenger motor carriers (Corsi et al., 2002).

The past literature has provided the inconsistent conclusions regarding the
impacts of deregulation on the safety performance of individual carriers and the

transport industry as a whole. Thus, to explore why the inconsistent conclusions have
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been obtained in past literature is another important issue. In addition, it is interesting
to find out which kinds of safety policy implications may improve the safety

performance of bus companies in the era of post economic deregulation.
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CHAPTER 3
Safety Effects of Drunk Driving Prevention Policy over

Time

Neglecting the time variable of the safety effect may cause the effect of the
policy to be misunderstood by researchers, and lead the relevant authorities to make
poor decisions concerning the status, enhancement or replacement, of the existing
policy. The temporal safety effect problem was mentioned by Hauer (1997); however,
little attention has been paid on measuring its effect quantitatively in past literature.
Thus, this chapter aims to explore the factors affecting the safety effect of an
intervention policy, and to determine whether the time variability of the policy effect

exists.

In the following part, the life cycle theory (Wells and Gubar, 1966; Robbins,
1990; Kolter, 1994) was applied to develop a conceptual framework of the changing
safety effect pattern brought about by the intervention policy over time. A Poisson
regression model was used to formulate the relationship between the monthly accident
frequencies and the candidate affecting factors, as well as the time following the
implementation of the intervention policy. The implementation of criminal sanctions
for drunk driving (CSFDD) in Taipei City was then taken as an empirical example to
determine whether the time variability of the safety effect really existed for the

CSFDD.

3.1 A Conceptual Framework for the Life Cycle of Safety
Policy

A life cycle refers to a growth pattern with predictable change over time. The
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CHAPTER 4
Potential Fallacies in Measuring the Effects of Drunk

Driving Prevention Policy

In previous chapter, we developed the method to measure the temporal variation
of the safety effect for the drunk driving prevention policy. The results provided
strong evidence to prove that the effects of safety measures on accident reduction vary
over time. Therefore, no matter what approaches, such as pair-t tests, causal factor
analysis with dummy, and causal factor analysis with time-based specifications, we
use to evaluate the effect of an intervention policy, we will face the same problem
about how long the observation periods before and after implementing the policy
should be used if we recognize the existence of the temporal variation of the policy

effect.

Two contradictory issues are noted when measuring the safety effect of an
intervention policy. That is, the randomness of accident occurrence requires that the
before and after observation periods should be long enough in order to measure the
safety effect of the intervention policy with sufficient statistical power. However, on
the other side, the longer the before and after observation periods are used, the more
possible the affecting factors will change. Thus, if we fail to manipulate this problem

adequately, we might make a wrong conclusion to the effect of an intervention policy.

This chapter presents how profoundly the temporal variation of the policy effect
can affect the results of measuring the safety effect of an intervention policy by using
different lengths of study periods before and after implementing the policy. The
potential fallacies of applying the pair-t test, causal factor analysis model with dummy

specification, and causal factor analysis model with time-based specification to
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CHAPTER 5
Safety Performance of Bus Companies after

Deregulation

According to literature review in safety impacts of deregulation, there is a
possibility that deregulation of the transport industry will change the organizational
and operational characteristics of individual carriers, and restructure the companies
within the industry. Deregulation is then expected to impact in different ways, positive
or negative, upon the safety performance of carriers with different characteristics, and
have an overall impact on the industry as a whole. If this assumption is true, we might
be able to shed some light on the reasons for the inconsistent conclusions regarding
the impacts of deregulation on the safety performance of individual carriers and the

transport industry as a whole.

Deregulation of the intercity bus market in Taiwan has provided the opportunity
to study the relationship between safety performance and organizational as well as
operational characteristics of individual carriers, and to review the actual effect of
deregulation on safety performance. Hence, this chapter aims to explore the
environmental and organizational factors that affect the accident risk of bus
companies, and provides valuable information to help both regulators and bus

companies to make the right decisions concerning safety management programs.

This chapter organizes as follows. A conceptual framework for the safety
performance of bus companies, based on the organizational accident theory is first
developed in 5.1. The deregulation of intercity bus service in Taiwan is introduced in
5.2, and the measurement of the variables for model formulation is prepared in 5.3.

The data collected for this study are presented in 5.4. Model estimation results are
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CHAPTER 6

Conclusion and future study

6.1 Conclusion

This study tries to handle two road safety-related policies. First topic aims to
measure the temporal effects of the accident prevention policy, and second topic is to

explore the impacts of deregulation on safety performance of bus companies.

In first part of this study, the theory of life cycle was used to describe the effect
of an intervening policy over time, and four possible safety effect patterns observed
within an observation period were introduced. An evaluation of the effect of the
“criminal sanction for drunk driving (CSFDD)” policy over time in Taipei City was
conducted as an empirical example to demonstrate the existence of temporal variation

for the effect of this preventive policy.

Poisson regression models with dummy-based and time-based specifications
were developed to provide an insight into the occurrence of alcohol-related fatal
accidents. The estimated results of the preferred dummy-based specification model
showed that both the use of alcohol and the implementation of the CSFDD policy had
significant effects on reducing the occurrence of alcohol-related fatal accidents, but
that the enforcement devotion had only a marginally significant effect. The results
indicated that the CSFDD policy reduced the expected number of alcohol-related fatal

accidents on average by 72.6% over the 20 months following its implementation.

The results of the time-based specification models indicated the quadratic
function of natural logarithm transformation of time elapsed (i.e. In (1+t”)), could

reasonably catch the safety effect pattern of the CSFDD policy over time. Thus, it
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implied the effect of the CSFDD policy appeared to be a rapid initial followed by a
slow decay. As expected, both the number of drunk driving offenders arrested, and the
yearly alcohol sales index appeared to have significant effects on the occurrence of
fatal accidents involving drunk driving. All of the four stages introduced by the life
cycle theory were observed in this empirical example, and the temporal variation for
the safety effect of the CSFDD was verified in this study. The time-based
specification model was demonstrated to be better than the dummy-based
specification model in evaluating the effect of safety policy on reducing the

alcohol-related crashes here.

In addition, the issue regarding the potential fallacies in measuring the effects of
the policies with different observational periods is also demonstrated in Chapter 4.
The aim is simply to show that the different observation periods may greatly influence
results. Applying the pair-t tests to measure the effect of the CSFDD with different
observation periods indicates that the choice of the lengths of the post-implementation
periods will determine whether the effect of the CSFDD was significant, and the
amount on reducing the number of alcohol-related fatal accidents. The results show
that the length choice for the post implementation periods seems to be more sensible
than that for the prior implementation periods in measuring the safety effect of the

CSFDD.

Causal factor analysis techniques with the dummy specification are able to
estimate the effect of road accident prevention policies with controlling other
influencing factors. However, the similar problem arose from this analysis method in
measuring the effect of the policy. The results not only show the different size of
effects for the models with different lengths of observation periods, but also show that

the length of the post implementation period is more sensible in measuring the effect
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of the CSFDD. Also, the length of the prior observation period is found to be more

important in measuring the effects of the other factors.

The results estimated from time based specification models indicate that the
models with the shorter post implementation periods may obtain the increasing
pattern of the policy effect, but the models with the longer post implementation
periods obtain the policy with the rapid initial response followed with a period of
decay. The longer post implementation period is suggested more appropriate than the
shorter post implementation periods in model estimation. All approaches used to
evaluate the effect of an intervention policy indicate that the choice of the length of
observation period will profoundly affect the results. Thus, analysts should be more
careful in interpreting their evaluation results estimated by an observation period

carefully to avoid making an inappropriate conclusion.

Although the appropriate length of observation period is not available, we
suggest that the continual monitoring of the policy effect over its evolution process
may be more beneficial for analysts in evaluation of road safety measures as well as

for authorities in road safety management.

The second part of this study aims to explore the factors affecting the safety
performance of bus companies. A conceptual framework was developed based on the
theory of organizational accidents, and environmental and organizational factors were
assumed to determine the safety performance of bus companies. The deregulation of
intercity passenger transportation in 1995 brought about the restructuring of the bus
transportation industry in Taiwan, and provided an opportunity to gain an insight into

the factors that influence the safety performance of bus companies.

All the bus companies in Taiwan were asked to provide the relevant information
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for the year 2001 through their general managers or representatives through a
questionnaire. Forty-two bus companies that replied, except for the only intercity bus
company established before deregulation, were then divided into three types of bus
companies. They were, the new bus companies, the existing bus companies that
joined the new intercity bus service, and the existing bus companies that did not join

the intercity bus service.

Although the operational and organizational characteristics among these three
types of bus companies are apparently different, nevertheless, the results of the
ANOVA show that the exposure-based accident rates among the three types of bus
companies are not significantly different. Based on this particular study result, we
might conclude that the deregulation of the intercity bus service would not deteriorate
the safety performance of the bus transport industry as a whole, and that no actions
were required to improve the safety performance. However, when we applied the
causal factor analysis models to relate the safety performance of bus companies with
their operation and organization characteristics, we found that the safety performance
was in fact affected by the characteristics of bus companies. The effects of those
influencing factors might be positive or negative. If the deregulation was implemented
with some safety regulation policies, we might have the opportunity to pursue a better
safety performance by the bus transport industry as a whole, rather than just prevent

the deterioration of the existing safety performance.

The results show that two environmental factors and five organizational factors
of bus companies significantly affected their safety performance, and that different
environmental and organizational factors impacted significantly on the occurrence of
different accidents in terms of their injury severity. While the newcomers after

deregulation did not experience a higher accident risk than the others, the novice
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operators of the intercity bus service appeared to have a higher accident risk than the

others.

All five organizational factors were found to have significant effects on the
safety performance of bus companies. Especially, the average number of traffic
convictions, excluding parking violations, the proportion of vehicles aged less than 5
years, and the capital of the bus company were the most significant to affect the
occurrence of all kinds of accidents. Although the mechanical failure rate and the
driver to non-driver staff ratio were only significant for the occurrence of PDO
accidents, they might result in more severe injury accidents in the long run according

to the theory of “the continuum of events” proposed by Hauer (1997).

Finally, in order to improve the safety performance of bus companies as a whole,
we suggest that some safety improvement policies, including vehicle regulations,
thresholds of capital, assistance for novice operators and monitoring higher risk
companies, to be conducted in conjunction with the implementation of economic

deregulation.

6.2 Future study

Although we found the temporal variation of the effect of drunk driving policy
existed in this study, the issue concerning the mechanism that results in the temporal
variation of safety effects for these intervening policies over their lives is not
investigated in this study. Thus, the more in-depth studies should be conducted in the
future on the factors affecting the temporal variation of intervening policies over their

lives.

For lack of reliable and available information about the devotion of enforcement

to the CSFDD policy, the number of drunk driving offenders arrested by police was
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used as a proxy variable to represent the enforcement devotion in this study. Some
more appropriate data for the enforcement devotion should be considered in further
studies. And, the information about the use of alcohol and the use of different types of
alcoholic products, such as liquor versus beer versus wine consumption has met with

similar problems as did the enforcement devotion.

In order to catch the possible patterns of the accident prevention polices, we
suggest that more functional forms (e.g. piecewise linear or nonlinear) about the
safety effect patterns over time should be investigated in the future studies. Although
we found the adoption of alcohol control policies may be a beneficial direction for
reducing alcohol-related accidents, the influences of the alcohol control policies on
multi-dimensions, such as economic, international relationship, social, safety, and etc.,

should be evaluated carefully before adoption of such policies.

Although organizational and environmental factors have been found to affect
safety performance of individual bus companies, the issues regarding the influences of
organizational cultural factors in safety performance has not been investigated in this

study and needs further investigation.
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Appendix A: The alcohol-related fatal crashes data

Fig. A.1 The alcohol-related fatal accidents in Taipei during the study
period( 1996.3~2000.12)*
e | s | g [ e | s | S [apeE | e | S

1 03/85 2 21 11/86 7 41 07/88 1
2 04/85 5 22 12/86 1 42 08/88 0
3 05/85 3 23 01/87 3 43 09/88 0
4 06/85 2 24 02/87 0 44 10/88 1
5 07/85 4 25 03/87 1 45 11/88 0
6 08/85 2 26 04/87 0 46 12/88 0
7 09/85 6 27 05/87 0 47 01/89 1
8 10/85 5 28 06/87 0 48 02/89 2
9 11/85 2 29 07/87 0 49 03/89 1
10 12/85 4 30 08/87 2 50 04/89 2
11 01/86 0 31 09/87 4 51 05/89 3
12 02/86 3 32 10/87 1 52 06/89 3
13 03/86 1 33 11/87 2 53 07/89 2
14 04/86 1 34 12/87 3 54 08/89 2
15 05/86 3 35 01/88 4 55 09/89 2
16 06/86 1 36 02/88 1 56 10/89 2
17 07/86 1 37 03/88 1 57 11/89 4
18 08/86 0 38 04/88 1 58 12/89 0
19 09/86 0 39** | 05/88 1

20 10/86 1 40 06/88 1

*Data source: Chang and Yeh (2003)

**CSFDD was started to implement
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Appendix B: The questionnaire for bus companies
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Appendix C: The List for Replied Bus companies

RS |l ki R
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