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ABSTRACT 

This dissertation expands upon the Master's Thesis written by this author. It begins with 
an in-depth literature review of applicable social theories. These set the context for 
studying the phenomena of speeding, automobile collisions, drivers ' perceptions of risk 
and their own skill, and the method by which the criminal justice system, through the 
police services, attempts to manage road safety. Following the development of several 
social theories, this dissertation reviews the more pragmatic and scientific literature. 
This review examines surveys and experiments in situ. The two reviews present a solid 
theoretical and practical base from which this dissertation launches into an exploration 
of traffic collision data. The data is organized within a Geographic Information System 
(GIS) framework The data is scrutinized using several exploratory data analysis (EDA) 
techniques then logistic regression is utilized to search for multivariate relationships. 
Time series analysis is applied to traffic flow data so that a weekly average of time flow 
may be used to examine collisions in a temporal fashion. Breaking apart the data into 
this time series then arranging it spatially in the GIS allows the researcher to display and 
examine traffic collisions in the spatial and temporal dimensions. This presents a unique 
view of the risk characteristics presented at intersections and interchanges throughout 
the city. Furthermore, the citywide holistic approach to investigating collision data 
across the entire roadwork also adds to the understanding of collision occurrence. A 
methodology for determining hazardous locations is developed and refined so that 
selected sites can be scrutinized in greater detail. Suggestions are offered for continued 
research into this area. 
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1 CHAPTER 1 

INTRODUCTION 

1.1 INTRODUCTION 

"Carnage", "Death and Destruction", "Slaughter", all these rhetorical terms and more 

have been used to describe the consequences of automobile collisions. The tremendous 

loss of life and limb resulting from vehicular mishaps is endemic to all modem western 

nations that rely heavily on the automobile as a means of transportation. Federal agencies 

are charged with regulating the safety aspects of highway and automobile construction, 

laws have been passed to compel drivers to engage in safer driving habits, police 

surveillance has benefited from improved technology, all with the goal of making our 

roadways a safer environment. Yet, with all these combined resources and activities, 

people still die, people are still injured, and vehicles continue to be involved in accidents. 

We know a great deal about how to design safer roads and cars, and we know what 

driving behaviour will ensure our safety, yet people still drive recklessly, roads could be 

made safer, and cars are still overpowered. Thus, there is still a clear need to understand 

further the nature of automobile collisions and their causes. 

With so many disciplines engaged in researching this phenomenon, there is tremendous 

diversity in approaches. However, much of this research relies on secondary information 
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that is gathered after the event. This is due to the randomness of collisions as well as the 

obvious moral and ethical problems associated with allowing collisions to occur in order 

to observe them. Experiments have to be carefully designed to be unobtrusive and not be 

a cause of accidents themselves. In order to perform experiments, a great deal of 

cooperation between governing bodies and the researcher is required which adds further 

complexity to the task. Furthermore, much of the data collected is in the form of police 

reports that depend upon witnesses and statements from those involved in the collision. 

As eliminai and civil charges may be laid as a result, it is common for people to be 

guarded in supplying the police with information. It is often argued that these interviews 

do not occur until days after the collision occurs, as once was the experience of the 

author. The more severe the collision the greater the reliability of the police report. 

Fatalities are investigated thoroughly and responded to immediately as are injury 

accidents. It is the property damage only (PDO) accidents that receive less attention. 

Therefore, this information must be used with caution. 

This dissertation looks into the relationship between speeding and collisions, the spatial 

distribution of collisions and the temporal distribution of collisions. As such, a number of 

techniques were utilized with the results brought together to create a holistic view of 

collision occurrence within the City of Calgary, Alberta, Canada. Calgary is a modern 

city with a hierarchical road system connected to large suburban communities that feed 

into the system from a network of collector roads. The City had a population of 

approximately 750,000 over the course of this study. Vehicle occupancy was an average 

of 1.4 in 1991 with modal splits of 78.2% private transport for journey to work and 
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95.6% for non-work trips (Kenworthy and Laube, 1991). It is a highly mobile city with a 

high rate of automobile ownership. This made Calgary an excellent choice for analysis. 

Much of the previous research into speeding behaviour, and traffic accidents, has been 

confined to rural roads, specifically highways. This is because a greater percentage of 

these collisions result in fatalities, approximately 70% (Crowson, 2002). Higher speed 

limits make speeding even more of a concern as the rates of speed can reach 150 

kilometers per hour or greater. These speeds obviously are of great concern as the energy 

released during a collision at this speed is extremely high. Furthermore, the relationship 

between velocity and energy is exponential resulting in slight increases in speed causing 

much greater amounts of energy. 

Research into speeding often takes the form of determining ways to influence driving 

behaviour so that people will drive more slowly and adhere to the posted limits. This 

research fails to take into account the fact that rates of speed may not be the primary 

causative factor behind collisions; it is an unproved a priori assumption. 

Most traffic studies are limited to a single location, or a group of locations. In the case of 

identified hazardous locations, engineers exam the site in order to determine remedial 

action, but research rarely takes a holistic approach. It has been suggested that successful 

remedial action in one location, lowering the collision rate at that site, may cause another 

location to experience increased collision rates (Knowles et al, 1997). This migration 

theory is merely a hypothesis and has not been explored in detail, however it does fit 
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within the context of Wilde's Risk Homeostasis Theory (Wilde 1982a, 1982b, 1982c, 

1986). While this paper will not be able to delve into the migration theory hypothesis, its 

methodology will set the stage for future research that could determine the validity of this 

hypothesis. 

1.2 OBJECTIVES 

This dissertation will focus on speed related traffic collisions occurring at intersections 

and interchanges. It will attempt to uncover the complexity of these events and determine 

if speed combines with other variables to create situations where risk is increased. The 

technique of logistic regression will be used as most of the data is categorical in nature. If 

this is so, then statistical techniques will be used to quantify the relationships. 

Also, as the temporal dimension is largely ignored in the literature, a methodology will be 

created to allow the exploration of this important variable. Interpretation of these results 

should provide information as to the type of journey and other social considerations. The 

technique of spatial autocorrelation will be applied to the temporal data in a unique 

fashion to aid in interpretation. This paper will also illustrate the utility of GIS as a 

framework within which organization and analysis of traffic safety research is facilitated. 

1.3 ORGANIZATION 

There is a large body of research on traffic collisions and this thesis cannot delve into all 

topics. However, in order to develop an adequate background, the Uterature review 

portion has been divided into two chapters, the first dealing with theoretical and social 
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issues, the second reviews papers resulting from experiments, surveys, and other forms of 

pragmatic research. These chapters set the stage for the following methodological 

chapters. This thesis will make use of a number of technologies and some procedures are 

used to prepare data for subsequent use. Each chapter will be introduced here with a brief 

outline of their contents in the following sections. 

1.3.1 CHAPTER 2 

As stated earlier, this chapter deals with the many theoretical perspectives that can help to 

understand the issues surrounding traffic collisions. It begins by examining deviance, 

how society defines deviant behaviour, how people respond to such activities, and how 

people respond to being labeled deviant. As speeding is illegal, and many traffic safety 

experts are attempting to affect people's driving habits by declaring speeding as 

dangerous and deviant, these definitions are important. What is of greater importance is 

how an activity becomes labeled as deviant and what social groups have the power to 

create these definitions. The definition of dangerous driving behaviour is usually 

considered that of the safety expert as are the posted speed limits, but these may be at 

odds with the average driver's perception. The concept of deviance is examined from 

many sociological viewpoints. 

The chapter then moves into an exploration of deterrence theory. This theory deals with 

ways in which the deviant act is dealt with, usually in the form of punishment and, or, 

coercion. Deterrence provides the foundation for much of the criminal justice system in 

Western countries and is the paradigm under which the police services operate. However, 
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deterrence has come under much criticism as being ineffectual, therefore causing critics 

to seek an alternative methodology. 

Risk is the last major topic discussed, and it presents the most modem approach to 

collision reduction. Risk management has been studied recently as many people engage 

in activities in ways that are designed to reduce risk. There are some social issues 

associated with risk management as it attempts to influence or restrict people from 

engaging in risk taking behaviour. This can be seen as paternalistic and restrictive, even 

an encroachment into people's civil rights. 

1.3.2 CHAPTER 3 

This chapter reviews papers based on experimentation. These experiments test the 

efficacy of different intervention strategies at particular locations, physical design change 

before and after studies, photo-radar studies, and surveys of drivers. Intervention 

strategies can range anywhere from the placement of warning signs, information signs 

(high accident location), feedback signs (signs with built in radar to display the current 

driver's actual speed), to police surveillance (overt and covert). Photo radar has been 

implemented in many jurisdictions and studies have been undertaken that compare 

accident rates before and after the placement of photo radar. Surveys have been used to 

gather information regarding drivers' perceptions. A very common survey examines how 

individuals rate their driving skills and behaviours against other drivers or other groups of 

drivers. In most instances, the respondents claim that their driving is above average. 
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1.3.3 CHAPTER 4 

This chapter marks the shiñ in approach from Uterature review to a scientific method of 

inquiry. Having a large multivariate dataset, the data must be examined closely and 

rigorously tested for anomalies and errors. The data is categorized and rejected if it 

proves too error prone or redundant. The data is then tested for bi-variate relationships by 

way of preparation for further research and hypothesis development. Lastly, visual 

examination of several maps lent further insight to the research. Several hypotheses were 

proposed based on these results. 

1.3.4 CHAPTER 5 

This chapter again changes focus as it deals with the preparation of the temporal data. A 

large and rich data set of traffic flows recorded at several locations around the City of 

Calgary needed a great deal of work in order to be useful for further research. This 

chapter details this process, culminating with the creation of a single proportional time 

series, expressed as percentages that could be applied to any location in the City. As the 

collision data has the time of each collision occurrence, it was now possible to combine 

these datasets to provide a temporal sequence suitable for examination. This time series is 

an aggregated weekly average of four-hour time intervals. Once constructed, the time 

series was tested to ensure its reliability and its usefulness for further study. 

1.3.5 CHAPTER 6 

This chapter takes the data from Chapter Four and examines it using the multivariate, 

categorical technique of logistic regression. This procedure allows the researcher to 
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search for multiple levels of interactions amongst the data. With several variables, it is 

possible that one variable not only relates to several other variables, but it may only 

correspond with another variable in the presence of a third variable. This can be extended 

to a complex set of multiple inter-relationships between variables. Logistic regression 

seeks for these relationships amongst categorical data. Several tests are employed to aid 

in the interpretation and to prove the reliability of the results. 

1.3.6 CHAPTER 7 

This chapter begins with a spatial exploration of the data for the entire city of Calgary. 

The technique of spatial autocorrelation was used to discover 'global' patterns in the data. 

By global, it is meant that the data for the entire area is examined simultaneously, the 

result being a value (Moran's I) that hes along an index ranging from -1 to +1. The 

lowest value indicates the presence of a uniform distribution of the data, 0 indicates a 

random pattern, and +1 indicates a clustered partem. The temporal data is combined with 

the collision data to create 42 individual instances of collisions distributed across the 

City, each one restricted to a four-hour time segment. Collision frequencies and collision 

rates were assembled into the temporal framework. The forty-two Moran's I values were 

then arranged in a time series and studied for a temporal pattern. 

This data, now arranged spatially and temporally, was displayed in a series of maps for 

visual examination and comparison. Using a methodology similar to that suggested by 

Ezra Hauer (1996), both dataseis were used to determine hazardous sites most likely to 

respond positively to police intervention. 
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1.4 GJS 

No one chapter deals specifically with the aspect of GIS as a methodology. Much of the 

approach taken here follows a previous work (Arthur, 1996). This project could not have 

been accomplished without the many procedures for handling, manipulating and 

displaying large databases. While many other software programs were used, including 

spreadsheets, database, and statistical programs; the organizing framework was always 

within the GIS. 

It has been stated that GIS need not be used for such a project, that the aforementioned 

software packages are adequate for the task, but that is simply not true. Buffering 

routines, spatial joins, all were necessary, and many other routines. Furthermore, while 

some operations might have been performed elsewhere, they could not have been 

completed so easily and this project probably would never have been finished, nor would 

so many maps have been so easily created. 

Therefore, GIS is implicitly used throughout this thesis, although there is no one chapter 

that explicitly discusses its methodology. It is the "right tool for the right job," and one of 

the objectives of this thesis is to illustrate just how effective GIS is for such research. 

1.5 CONCLUSION 

The problem of automobile collisions is manifold, there are many factors to consider and 

this thesis cannot explore each and every one, let alone come up with a solution to all of 
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them. Some factors are inherent in the design of roads and cars, while others relate to 

behavioural habits of drivers. This puzzle is comprised of many pieces with many 

researchers working to find more information and solutions. This thesis reviews much of 

the salient literature and embarks on a research program unique to traffic safety studies. It 

shines some light on the problem, but like most research, it finishes by asking more 

questions and pointing the way for further research. 

1.6 CHAPTER SUMMARY 

This chapter introduces the topic of the research and provides a brief overview of the 

scope of traffic safety research. It explained the layout of this thesis and discussed each 

chapter in turn, summarizing the contents and goals of each. It has set the context for 

each chapter, explaining their contributions and discussing the methodology to be used. It 

also discussed the role of GIS in making this project possible. 
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2 Chapter 2 

THEORY: 

Deviance. Deterrence, and Risk in Driver Behaviour 

2.1 INTRODUCTION 

In the past, researchers in the disciplines of engineering, psychology, and medicine have 

performed most of the studies of traffic collisions. These researchers have concentrated 

on road and vehicle design, on cognition, motor skills and interface design, and effects 

suffered by the human body during collisions. Much of this research, after review, 

appears disjointed, with little or no underlying theory. The only common thread is the 

reliance on empirical, quantitative research (Rothe, 1994) as described in Chapter Three. 

Such research does not explore the social context of driving. 

More recently, in the field of psychology, a number of risk theories have been developed 

that are similar in construction, utilizing the same variables and predicting how the 

individual motorist makes decisions concerning the operation of the vehicle. These newer 

theories are comprehensive and do take into account the social context as part of the 

decision-making matrix of the individual drivers and they show how the social context 
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influences the driver's perceptions. However, the social milieu is taken for granted and 

there is no investigation of the construction of the social sphere. 

Using an inductive approach, the present research will first review the various relevant 

sociological theories. There is a large body of work emanating from the area of 

criminology and the wider perspective of deviance. These theories attempt to understand 

four main points: How do we define deviance; who has the power to define deviance; 

why do people engage in deviant acts; and how does being labeled deviant affect future 

actions of the individual (Sacco, 1992). This will constitute the first section of this 

chapter. Deviance is a very diverse field with many competing concepts, each will be 

discussed in turn followed by an explanation of how these concepts may assist in the 

understanding of driver behavior as well as traffic law. Not only are there a variety of 

concepts, but each one can be interpreted within the framework of larger social theories 

and ideologies such as Marxism, pragmatism, social interaction, and phenomenology. 

Growing out of these studies came the theory of deterrence. Deterrence is extremely 

influential as it underlies the whole criminal justice system and its reliance on 

enforcement and punishment. As agents of the court and constrained by prevailing laws, 

police services have adopted this technique prima facie. Of course, it fits neatly with the 

tools and resources that police forces have at their disposal, but one may argue that as the 

laws developed around deterrence, then the outcome was preordained. 
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Risk theories will be reviewed last as they are more comprehensive, incorporating some 

of the above concepts. As their focus is on the individual decision making process of the 

driver, they are not as explanatory, in a sociological perspective, as the previous theories. 

However, driving is inherently a social act, requiring a high level of cooperation and trust 

from all drivers. As the roads are governed by social institutions, the social setting 

impacts the individual while the individual in turn helps to recreate the social milieu. 

Thus the importance of social theory when informal rules are examined. 

2.2 DEVIANCE 

Before attempting to explain the responses to, and sanctions against deviant behavior, it 

is necessary to come to an understanding as to what constitutes a deviant act. This is not 

as evident as it might seem at first. A number of criteria may be used in fabricating a 

definition, all of which appear to fail due to logical inconsistencies. A brief review of 

these definitions with their associated criticisms follows. 

2.2.1 DEFINING DEVIANCE 

Perhaps the easiest way to define a deviant act is statistically, as its name implies, it is 

some type of act that is "not normal" (Deutschman, 1994; Sacco, 1992). It deviates from 

the norm and thus is stigmatized. There are a number of problems with this simplistic 

definition. Many people engage in acts that are illegal or considered deviant within the 

framework of this definition, yet would not consider themselves "deviant". Speeding is 

one such behavior that many people engage in. It has been suggested that upwards of 

80% of the motorists exceed the posted speed limits (William, 1996; Rothengatter, 1991; 
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Elvik, 1999). This also illustrates another difficulty with this description in that it is 

vague. How much must one stray from the mean until one is considered deviant? Lastly, 

while this characterization may still be used, flawed as it is, it offers little in the way of 

explanation. It cannot be used to predict future occurrences of deviance, nor can it aid in 

determining what type of individual might act in such a way. Another problem with this 

description is that it defines deviance as a statistically rare behavior, in other words, 

different but not necessarily deviant (Deutschmann, 1994). 

Another simple way to define a deviant act is to state that it is any lawbreaking activity 

(Deutschman, 1994; Sacco, 1992). Reductionistic in nature, this definition also offers 

little in the way of explanation or prediction. Furthermore, it ignores the possibility of 

changes in the law over time. The legal code is one that is constantly evolving and 

changing to suit the social atmosphere of the time. Thus, what was once legal may 

become illegal and vice versa. Many have purposefully committed illegal acts as a 

challenge to the system, often resulting in changes to the penal code. Time tends to cast 

these people in a heroic light as crusaders, certainly not deviants. Rothengatter (1997; 61) 

illustrates the fallacy of using the law as a defining reference: 

"Hence, traffic law should not be used as a surrogate for normative, 
reference behavior: it is unspecified (the driver should show due care); it 
disregards the capabilities and limitations of the driver (the driver should 
at all times anticipate all events); and it is downright unrealistic (the 
driver should at all times maintain a distance that allows him to come to a 
full stop). Traffic law serves primarily to allocate blame when an accident 
occurs, and only secondarily to prevent accidents. Lawyers cannot define 
normative behavior any more than behavioral statistics can without a 
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reference model. As a consequence, the notion of violation in legal terms 
is not satisfactory. " 

A more satisfactory characterization of deviant behavior is that type of activity that harms 

the self or another. This then requires intervention and sanctions in order to protect all 

involved. Many deviant, or illegal acts, do not pose a hazard to the participants. 

Prostitution can be viewed as deviant, and certainly is illegal in some jurisdictions, but 

some may see it as a form of business transaction. This activity has been legalized in 

some countries and in many others is allowed through the discretion of police agencies. 

Deutschmann explains four versions of the concept of deviance as harmful: physical, 

functional, ontological, and normative. 

The first version of deviance as harmful is the 'physical argument' which has already 

been presented. The deviant act can cause physical harm to others, victims, property, or 

self. The problem here is that not all deviant acts are harmful and nor are all harmful acts 

defined as deviant. There are many exceptions in law that allow violence to be visited 

upon other given special circumstances. Also, as in white collar crime, many acts that 

injure large groups of people go unpunished by the criminal system (Sacco, 1992). Quite 

often though, the extent of potential harm is constructed by those who wish to exert some 

form of influence over it. Exaggerated claims of danger are often presented, such as many 

relevant to this study including the slogan that "Speed Kills". Presented in such a 

definitive way, this is certainly an overstatement. 
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The 'functional argument', the second version of deviance as harmful, makes claims that 

somehow the deviant act will undermine the social structure. The concern being that if 

the act is allowed to continue unconstrained, it will cause the social system to unravel. 

Thus, from the driving perspective, if all motorists did not follow the rules of the road 

then chaos would ensue and the system would be unworkable. While this is possible, the 

assumption underlining this argument is that the rules and social controls are correct and 

above reproach in the first place. This is, of course, not necessarily true. This definition 

supports the status quo by putting a negative value on any attempt to change the existing 

social structure. Many such changes have been beneficial even though the change was 

considered deviant at the time. A good example would be the civil rights movement of 

the 1960s in the United States. 

The third version of deviance as harmful is the 'ontological argument'. It is defined by 

Deutschmann such that: "People who do not help to maintain the expectations that make 

the society work threaten us with a frightening sense of chaos" (Deutschmann; 1994,17). 

The threat is not a physical or functional threat, rather it threatens how people frame 

reality. The wearing of long hair by hippies in the 1960s was seen as a challenge to the 

way in which men were meant to present themselves. It defied conventions of appearance 

that helped others determine the gender of the individual. Many times one could overhear 

the comment by those opposed to the new fashion stating that the male resembled a 

female, or that they could not tell the two apart. This opinion went in concert with the 

fashion of both genders wearing similar clothes, jeans and T-shirts. This attack on 

conventions that aid in the construction of reality can engender extremely emotional 
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responses. Furthermore, many new ideas do not elicit negative responses or are seen as 

threatening. This description of deviance fails in that it cannot adequately explain all 

deviant behavior. 

Lastly, the 'normative violation argument* is similar to the statistical deviance argument 

in that deviance is defined by straying from social standards. As with statistical rarity, not 

all violations of standards are seen as deviant, nor does a deviant violate all standards of 

society. Only a few norms may be violated, as with speeding motorists. While their 

driving behaviour may be described as deviant by some, the rest of their actions, 

employment, dress, consumerism, are well within society's expectations. Not all laws, 

religious and moral codes are common values of all members of a society, especially in 

the heterogeneous Canadian population. If the norm cannot be defined unambiguously 

then it follows that violations of norms cannot be effectively characterized either 

(Deutschmann, 1994). Rothengatter (1997; 60jdiscusses this very problem: 

"This notion of normative performance is, or at least should be, a key 
concept in traffic psychology. It defines errors, it defines violations, and it 
is an essential prerequisite for formulating the objectives of all measures 
aimed at improving driving performance, and in particular, training. 
Nonetheless, it receives very little attention. ... Ifwe want to consider 
accident occurrence in planned or unplanned deviation from the 
normative behavior, in other words, violations and errors, it is essential 
that driver's reference performance is defined in detail. At present, it is 
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The previous argument illustrates the difficulty in defining deviant behavior and leaves us 

wondering then what exactly is deviance. We have laws against certain behaviors and we 

all know that some acts are considered unacceptable to society so there must be some 

way to define these activities. As a society we subjugate individual rights to that of the 

collective at a social and financial cost in order to protect all from the effects of deviant 

behavior. That leaves us with one last way of identifying deviant that is effective in that it 

is inclusive, non-judgmental, and allows for past, present and future forms of deviant 

behavior. This definition does not attempt to describe the act itself but instead its focus is 

upon the social processes surrounding deviance. 

"The common element lies not in behavior patterns in which these 
individuals are engaged, but in the relationship that links these patterns of 
action to systems of social control. All of these behaviors are defined 
(more or less widely) in society as disvalued and are responded to on the 
basis of such a definition. Thus, it is through our knowledge of and 
experience with social control that we are able to recognize the deviant. " 

(Sacco; 1992,3) 

Therefore, the deviant act is defined by society's response to the behavior instead of in 

terms of the act itself. This reaction can be strong or weak allowing us to judge or 

quantify the severity of deviance. Furthermore, the response may be formal, mvoking the 

criminal justice system, or informal epitomized by shunning or other visual and vocal 

displays of displeasure. 

In the case of speeding behavior, we can narrow our focus down to two definitions based 

upon the formal and informal reaction to such activity. The formal définition allows us to 

rely on the highway traffic act which characterizes speeding technically as operating a 
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motor vehicle in excess of the posted speed limit or at a speed unsafe for ambient 

conditions. The response ranges anywhere from fines to a summons for those traveling at 

a high rate of speed. This is then described as dangerous driving and can involve the 

revoking of the driving licence, heavy fines, and possibly incarceration. The second way 

to describe this behavior is informally. The standards are usually slightly different from 

the official definition. The response is usually in the form of honking horns or vulgar 

gestures. However, reactions have escalated to activities that fall under the term 'road 

rage' and can be very aggressive and dangerous in nature. 

While these two definitions are reminiscent of the variance from norm argument, the 

present research will accept them as the common way in which society defines and 

responds to motorists traveling at an unacceptable rate of speed. This can of course apply 

to those driving too slowly as well, the stereotypical 'little old lady' or 'Sunday' driver. 

That the two definitions are incongruent is apparent by the variety of speeds chosen by 

individual motorists. There are many who disagree with posted speed limits and are angry 

when they receive a speeding ticket, often characterizing such policing activity as merely 

a way to raise funds. Terms such as 'cash cow', 'speed trap' and 'fishing hole' are 

descriptive of this viewpoint. 

As inadequate as these definitions of speeding are (as stated above) they will form the 

starting point for this research. The obvious question that follows is that ' i f these 

definitions are incongruent, why is the government imposing a seemingly arbitrary 

standard?" This leads us into the next phase of sociological study concerning deviance 
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which, in the author's opinion, is of greatest interest, and this is the question as to who 

has the power to define society's norms and determine the reaction to acts now defined as 

deviant? The corollary to this question is one that asks why those with the ability to have 

certain acts defined as deviant do so? 

2.2.2 SOCIAL CONTROL 

This area of sociological research delves deeper into understanding how deviance is 

constructed. Issues studied cover the process of how deviance is defined, who is allowed 

to make these characterizations and why. Interaction between those groups whose 

activities are labeled deviant and the institutions of social control is also explored. Thus 

the power to define deviance becomes a variable in itself. It is possible to chronicle the 

resistance of groups labeled as deviant and the counter-attacks they make. Organized Gay 

Pride parades are such an attempt by a stigmatized group to have their conduct accepted 

as normal by society. As far as speeding goes, many attempt to argue against the 

seemingly arbitrary nature of fines. Specialized legal defense compames engage in 

defending speeding infractions, including photo-radar tickets. Groups petition to have 

speed limits changed, and the action of the many drivers engaged in speeding can be 

construed as a challenge to the prevailing laws. Many public policies are accepted 

without inquiring into the rationale behind them making them a permanent part of the 

social landscape. It is important to search for options to the prevailing control policies 

lest we run the risk of believing that they are the only possible solutions. By doing so we 

neglect to search for options even though many may exist and some may be more 
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effective (Sacco, 1992). This dissertation is such a search, by examining the role of 

speeding in accident causation it may be possible to discover alternative policies. 

Social control research delves into the reaction by society at large, or groups charged 

with enforcing norms, and as such requires three conditions in addition to the deviant act. 

First, observéis) are required. Individual(s) who believe the act to be deviant must claim 

that an individual has indeed performed such an act. At this stage, it is not important how 

the observer gains knowledge of the deviant act as much as the fact that the deviance is 

brought to light. Next there must be cultural standards that define this act as deviant or 

illegal, and lastly, the evidence must be applied in such a fashion that it characterizes the 

act and the actor as deviant (Deutschman, 1994). 

The context in which the act is performed is also relevant to the application of the deviant 

label. In the case of speeding, there appears to be more social leeway when an individual 

speeds on a highway, if traffic is not heavy, than when speeding through a residential 

area or school zone. The speeding motorist in this situation is usually condemned 

regardless of level of traffic, or if children are present; this seemingly elevates the 

contravention of the rule to a higher status than the risk the act may actually pose. 

The author experienced such a response once while driving through a school zone that 

was located in the western edge of Calgary's downtown core. I had not seen the sign 

indicating the presence of the school zone and had continued driving at the 50 km/h limit. 

I was pulled over by a traffic policeman with a car mounted radar gun who proceeded to 



22 

chastise me for the act. He went as far as to suggest that I did not care if I killed a child. 

Thus what was a human error of concentrating on lane changing or something else, and 

missing the sign, was transformed to reckless endangerment of young children. He was 

trying to make me feel like some kind of sociopath that wanted to injure or kill a child. 

Of course my reaction was denial of such a label, and angry at being characterized as 

such. The reprimand did stick in my mind however as this occurred about twenty years 

ago. As an aside, this illustrates the effectiveness of immediate and personal interaction 

with authority figures following a transgression, a point I shall return to when examining 

deterrence theory. 

The office of the observer is also important as it can determine the intensity of the 

reaction (Kelly, 1996). Again, returning to traffic violations, the individual citizen 

motorist upon witnessing another motorist acting in an unsafe manner may merely 

express disgust, honk a hom, yell, or gesture at the offender, but this is generally the 

extent of the reaction. However, if the observer is a police officer the reaction may be 

much different. The discretion allowed the officer can cause the response to vary widely. 

It is possible that the act may be ignored, or the officer may apprehend the individual and 

issue a summons. Even at this point, discretion affords the officer a wide range of 

possibilities. A stem warning or rebuke may be given without the issuing of a summons, 

or if a summons is issued the amount of fine levied may be adjusted. The recorded speed 

and subsequent fine may be lowered if the officer wishes to do so, or if the reaction is 

intransigent, the maximum possible fine can be levied. Furthermore, the officer can 
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inspect the vehicle and search for other violations such as defective headlights and issue 

more tickets. 

The resulting ambiguity on the part of observers, both formal and informal, suggests that 

the application of traffic law, which is much less ambiguous as in the case of speed 

limits, is negotiated. Knowing this, the motorist may regard the posted speed limit as a 

guide, or suggestion, not necessarily as a requirement. 

2.2.2.1 The Functional Argument 

The basis behind this interpretation of deviance is that it serves to promote existing power 

institutions within society, aids in defining social conduct, and protects the status quo. 

Two main viewpoints are presented, that of classical Weberian sociology and that of 

Marxist criticism. While Weber tends to focus on bureaucratic power groups, Marx takes 

the stance that the functions supported are resultant of capitalistic forces which define the 

social relationships in society. 

Weber would state that deviance must be examined in the social context whereby certain 

groups are able to exert power and influence over others. This social control is a limited 

resource for which various groups vie. The area of interest then is how are certain groups 

able to obtain an excessive amount of power while other groups are not. Furthermore, 

what are the effects of such influence, how do they enhance the position of the dominant 

group? (Sacco, 1992). 
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Some functions that deviance may serve in society are scapegoating, supplying a safety 

valve, and protecting vested interests. Scapegoats have been seen to exist in many periods 

of human history and across many cultures. There appears to be a social need to find a 

group that can be blamed for existing negative social conditions. The safety valve aspect 

allows for a release from the constraints of modem social rules (Deutschman, 1994). In 

the context of speeding, we can see that there is an attempt to blame this singular act as 

one of the major causes of accidents resulting in injury or death. This simplifies the 

problem and allows society to focus on one particular group, absolving all others from 

complicity. As a safety valve, a certain amount of leeway is allowed, depending on 

context, within the application of driving regulations. Many will agree that the excitement 

to be had from engaging in riskier driving releases tension. Some police programs place 

drivers, especially younger males, in race cars on a track in order to let them "get it out of 

their system," hoping that the cathartic effect will remove the need for such behavior on 

the public roadways. 

Perhaps one of the most important functions served by deviance is that of protecting 

vested interests. Some institutions rely on deviance for their very existence, most notably, 

the criminal justice system (Deutschman, 1994). Budgets for institutions directly engaged 

in social control may be increased to cover control over new areas of deviance (Becker, 

1963). This can also spill over to the modification of statistics depending on the 

exigencies of the time. Crime rates may be inflated at times when police services are 

asking for budget increases and deflated when making claims of policing effectiveness 

for the purpose of public relations. In addition, it has been claimed that supposed 
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increases in crime rates do not reflect increases in crime but merely increases in the 

reporting of crime resulting from increased police resources (Koenig, 1996). 

An argument can be made that defining deviance sets borders for social action. It is a 

"line in the sand" over which proper social members do not cross. This line is not 

immutable however, the boundary changes as society changes, reflecting society and the 

power structures within it. For instance, our modem Western society enjoys many 

personal freedoms whereas a society based upon stricter moral codes, such as monks, 

lives under greater constraints reflecting their society. Even though this monastery is seen 

as peopled by those of high moral character there still exists definitions of deviance 

within that environment. These definitions perhaps appear trivial to the outside society, 

but may carry severe penalties within the group. 

Marxists will focus on the class conflict rising from the capitalistic economic system and 

the formation of institutions of social control that support this economic structure (Sacco, 

1992). Reiman (1996) characterizes deviance as supporting the dominant groups in 

society by focusing on the individual transgression and distmgmshing society as neutral 

or warranted in its reaction. He continues to state that: 

"This means that when we call an act a crime we are also making an 
implicit judgment about the conditions in response to which it took 
place. When we call an act a crime, we are saying that the conditions in 
which it occurs are not themselves criminal or deadly or oppressive or so 
unjust as to make an extreme response reasonable or justified, that is, to 
make such a response non-criminal" 

(Reiman, 1996: 150, emphasis in original) 
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Thus society is absolved of the charge of injustice. However, Reiman's argument 

expands upon this by stating that the characterization also acquits society of any 

complicity in the crime. The claim is that certain members of society benefit from the 

existence of the crime, that our society has features that give rise to conditions that 

generate the crime. Those that benefit from such conditions are not implicated, as 

criminal law places the blame on the perpetrator of the crime and deflects its gaze from 

these groups. 

Observations arising from this argument see the existing system as supporting car and 

road manufacturers, engineers, law makers and law enforcement agencies as part of the 

problem, not removed from it. Furthermore, this viewpoint places the individual squarely 

within these competing structures, aiding in understanding why this form of deviance 

arises. Automobile companies manufacture cars that are consistently overpowered for the 

task of transportation. Most vehicles can easily exceed posted limits anywhere within 

continental North America, yet there appears to be little backlash against such a practice. 

Furthermore, speed and handling characteristics of vehicles are used for product 

differentiation, a common practice for oligopolistic enterprises. This is most evident 

when viewing automobile advertisements. These glorify qualities that if used result in the 

breaking of laws. Obviously, one must wonder why this is allowed to exist. The argument 

appears to be adopted from the anti-gun control slogan "Guns don't kill people, people 

kill people". Thus the gun, or car in this case, is absolved from complicity, with the 

blame placed firmly on the shoulders of those individuals who commit the crimes. 
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These discussions set the context in which deviance is created, what purpose deviance 

serves in society, and what forces influence the actions of individuals. Given the fact that 

for whatever reason an act is considered deviant, this deviance is well known to all in the 

society (in fact it must be to be effective). Then it may be asked: why does anyone 

engage in such acts? The consequences of deviating are by necessity well known, 

whether as formal punishments or informal sanctions. Therefore it appears bewildering 

that some would risk these penalties for whatever gain may be made from the deviant act. 

This leads us to the last major area of exploration into deviance, that of why does 

someone commit an illegal or deviant act? 

2.2.3 WHY DEVIATE? 

The search for the answer to this question has probably the longest and richest tradition in 

the field of criminology. It began with witch hunts and persecutions of those considered 

to be suffering from demonic possession. This reflects the power of the church to not 

only define, but to persecute and punish deviance. By the 1700s, Lombroso was 

describing deviance as atavistic behavior. This led to the belief that physical features 

should be common to all deviants which in turn led to all sorts of measurements of 

physical anatomy to look for common elements. The culmination of this work saw the 

development of phrenology, the measurement of bumps and valleys in the skull. Each 

imperfection was associated with certain traits allowing the expert to predict character 

traits of the individual under study (Deutschman, 1996). 
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While this first attempt to define the deviant through positivist methods proved 

academically barren, the attitude that deviants possess some characteristic which makes 

them what they are remains with us. There are many attempts to diagnose illnesses and 

conditions that may give rise to criminal behavior. This has important consequences for 

how the transgressor is treated, as those deemed to be suffering from some malady that 

may explain the behavior, are often absolved of guilt in the act. They are seen as 

incapable of forming mens rea, or intent. Social control is still exerted, but in a more 

benign form. The individual is expected to be subjected to diagnoses and to undergo 

whatever process is deemed appropriate for correction of the illness. This is imposed 

upon individuals whether they wish it or not. By doing so, they receive the pardon of 

society. Ifthe individual cannot prove such circumstances and is deemed responsible for 

their actions, then they are prosecuted within the criminal justice system (Deutschman, 

1996; Albert, 1989; Stoll, 1968). Friedson explains this concept as follows: 

"It makes a great and real difference whether the cause of deviant 
behavior is seen to lie in deliberate choice rather than in accident, 
inheritance, infection or witchcraft. When the individual is believed to be 
responsible for his deviance some form of punishment is likely to be 
involved in the way others respond to it. When he is believed not to be 
responsible, permissive treatment or instruction is used in his 
management. " 

(Friedson, 1972; 7, in Sacco, 1994) 

It is to these people that we turn our attention, and the various theories that attempt to 

explain their behavior. As with deviance theory in general, there are many explanations, 

some that may appear contradictory and others that are similar in nature. In reviewing 
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these topics, it becomes apparent that each theory applies to particular individuals and 

situations. 

2.2.3.1 Social Strain 

This theory, as developed by Robert Merton, refers to the presence of goals in society and 

the differences in availability of resources that people require to attain those goals. The 

strain between wanting to attain these goals and the inability to do so explains the deviant 

act. Merton created a typology of five groups according to this theory. 

Table 2.1: Merton's Adaptation Types 

Modes of Institutionalized Adaptation Cultural Goals Means 

1. Conformity + + 

2. Innovation + -

3. RituaUsm - + 

4. Retreatism - -

5. RebeUion +/- +/-

Source: Adapted from Robert K. Merton. (1968). Sodai Theory and Social Structure. New York: Free Press. 
Note: Plus (+) signs Indicates acceptance of common socially accepted goals or means whereas a negative sign (-) Indicates 

rejection. 

Conformity and Innovation are the two types that offer explanation for the topic of 

speeding drivers. Conformity refers to those who accept the goals of society and abide by 

the rules. Most often the people represented by this category have the means at their 

disposal to achieve their goals, or at least partially. The Innovators are those who also 

desire the same goals as dictated by society but they lack the means to gain them. 
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Therefore, they find alternate ways, such as cheating, stealing, etc. This argument is 

relevant to the magnitude of the goal that an individual hopes for. This explains white-

collar crime where we see many who are already wealthy by society's standards using 

their power and position in dishonest or criminal ways to increase their already 

prodigious wealth. 

As for the act of speeding, the interpretation would apply to the resources of time 

required to reach goals. Employees are pressured to devote more time to work related 

tasks as commerce and industry restructures and downsizes. Conversely, there is an 

increased expectation that people will be able to engage in recreational activities as 

shown by the growth of this industry. These two goals are at odds with each other in that 

they both demand time which is a limited resource. Therefore, individuals may attempt to 

"steal" time from one task to add to another. Driving, while necessary, may be viewed as 

a trivial task and thus is a candidate for reducing the resources devoted to it. The best way 

to accomplish this is to speed. Another example is the rapid increase in cell phone usage 

while driving which has led to this practice being banned in many jurisdictions, England 

and New York, for example. Individuals may also place themselves in stressful situations 

by spending more time on one task and making themselves late for their next 

appointment. Very often this reason is used to explain speeding. A franchisee pizza chain 

once advertised that the customer would receive their pizza in twenty minutes or else it 

was free. The onus fell on the delivery drivers who bore the brunt of failure by having to 

pay for the late pizza. The result was dangerous and fast driving that caused a series of 

accidents. This practice has now been eliminated. 
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Another innovation that can increase the resource of time is through multi-tasking 

facilitated by technology. Now the individual may participate in two activities 

simultaneously, such as driving and communicating with the office or clients with the cell 

phone. Deemed to interfere with the concentration required to drive safely, laws 

restricting this activity have been instituted (Riedelmeir and Tibshirani, 1997). Great 

Britain has banned the use of cell phones by drivers while the vehicle is in motion, New 

York State has also done so, but with the stipulation restricting hand-held phones and 

allowing hands-free units. 

Setting speed is a complex decision making process which involves a number of 

considerations. Thus we can recognize that the act of speeding may be only a momentary 

impulse, or it can occur over most of the duration of the trip. Summala (1997; 43) 

discusses the various considerations a driver will review in the following excerpt: 

"Speed and time control directly determine mobility, the basic issue and 
one of basic high-level goals in transportation. Increased speed provided 
by motor vehicles and high standard roads enlarges the area we can reach 
within a reasonable time. Trip decisions are largely based on time and 
convenience factors. Secondly, speed works as a major long-term and 
temporary motivational aim of driving. Trip decisions set the approximate 
desired or target speed level, together with driving costs and speed limits. 
Target speed level largely determines lower-level goals such as 
overtaking, and maintaining speed is suggested to be a strong momentary 
goal in the same view as any continuing activity which is going well. " 

(emphasis in original) 
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High-level decisions are the pre-trip considerations of routing and planning the overall 

trip while low-level decisions are those made while en-route. These low-level decisions 

involve setting speed or perhaps changing the route due to a traffic jam (Summala, 1997). 

2.2.3.2 Differential Association or Learning Theory. 

Criminal behavior is viewed not as something innate, but learned through contact with 

others who accept the deviant behavior and are able to pass the attitudes and methods on 

to other individuals. Used often to explain delinquent behavior amongst juveniles, young 

people are seen as normal and their association with a "bad crowd" explains how they 

became involved in illegal activities. Many young people Ieam to drive through parental 

instruction and example. Unfortunately, many bad habits are learned in this process, of 

which speeding appears to be one. Peter Rothe discusses this topic in depth in his book 

Beyond Traffic Safety (1994). 

This approach has been criticized due to its emphasis on the undue influence of others on 

a person's decision making while simultaneously depreciating the ability of the 

individual to act in accordance with her or his own principles. The person must be 

predisposed to the deviant act or else they would be able to resist the external pressure to 

deviate. Thus Sutherland and Cressey (1978) stressed the fact that merely learning the 

mechanics and skills necessary to participate in a deviant act is not enough. The person 

must also Ieam the attitudes, drives, motives, and rationalizations that make the act 

acceptable (Sacco, 1992). 
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2.2.3.3 SocialInteraction 

Based on the works of Mead and others, social interaction theories concentrate on the 

interpretation of behavior and the construction of the social world. These constructs then 

aid the individual in deterrnining proper conduct. Communication, verbal or non-verbal, 

is of importance as people observe the behavior of others and place meaning to it. Thus 

by interacting with the world around them, people learn to act based upon the meanings 

they derive from reality. Quite often the concept of the "looking-glass self' is used to 

describe this process. Individuals have an image of how they appear to others and how 

others judge them. Out of this, people develop a sense of pride or shame that then 

becomes internalized as a guide to how they act (Deutschman, 1994). Deviance, as it is 

defined by society, evolves and changes, reflecting the changes in society that occur over 

time. 

A distinction is made between primary deviance which is transitory and often goes 

unnoticed and secondary deviance which is of a more long-term nature and is noticed by 

others. Generally, interaction theorists pay attention to secondary deviance and the 

stigma it produces (Deutschman, 1994). Speeding would fall into the category of primary 

deviance and as such would not be of interest to this method. However, as the individual 

is constructing meaning from the actions of others, it is possible to apply this concept. 

Other motorists, some of whom obey speed limits while others do not, surround and 

influence the individual driver. Seeing many break the rules of the road with impunity, 

and more importantly, without causing a collision, may cause one to change driving 
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habits in accordance with what they perceive. Furthermore, when driving along a high 

speed road in the inside, or so-called 'fast lane', and maintaining the speed limit, a 

motorist often occurs the ire of others who will gesture and honk horns as they pass. 

This issue is the focus of Contagion Theory (Connolly and Abers, 1993). Every 

individual has a different degree of willingness to speed which ranges from zero, those 

who never speed, to 100% for those who constantly drive fast. The causal factor for 

Contagion Theory is the number of other motorists engaged in speeding. If only a few 

motorists are speeding, a person may not be persuaded to increase speed, but when a 

large amount of the traffic stream is speeding then the motorist will follow suit. Each 

person will have a threshold that once past will induce a change in behavior. The 

behavior is due not only to the amount of external influence, but also to the individual's 

propensity to speed. These levels will vary between individuals and situations, creating a 

multitude of combinations. This, coupled with the variability of traffic flows, makes 

Contagion Theory difficult to test in real life situations. 

2.2.3.4 Phenomenology 

Similar in tenor to social interactionism, the phenomenological approach looks at how 

people construct meaning. How we perceive ourselves as well as how we perceive the 

world determines how we interact with others. Quite often the deviant wishes to construct 

a particular social identity so that the world will perceive him or her as such. Thus an 

individual can project a rough tough image. As for the motorist, the driver may wish to 
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present an image of a daring, risk taking person, but skilled in driving. They can attempt 

to craft an image of the race car driver, a very macho figure. 

It has been noted that many accidents involving young drivers, especially males, include 

many passengers. Young males are pressured by their friends to be 'cool' and to 'drive 

like a man, not a whuss' (Rothe, 1994). The new graduated licensing programs restrict 

the number of passengers that may be driven by a newly licensed driver, recognizing this 

potential for dangerous driving behaviour. 

2.2.3.5 SocialBonding 

This theory, developed in part by Hirschi (Kelly, 1996), comprises four separate 

elements: attachment, commitment, belief, and involvement. The strength of each of 

these elements in a person's life will determine the degree of conformity, or bonding, to 

social rules. 

Attachment refers to the presence of significant others. Having strong family and peer 

group ties will would tend to cause conformity. Reference others are those whom we 

respect as role models. The authority of these institutions (family, church, and school) 

along with their strength will also induce conformity. The constant presence of police 

cars and the pervasiveness of the law lend a high degree of strength to that institution, 

however, by contrast, the abuse of radar traps and the seemingly arbitrary nature of speed 

limits undermines the authority of the police. 
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Commitment is the stake that an individual has in society. The more wealth, the more 

secure and prestigious the job the less someone wishes to risk losing them resulting from 

deviant action. University degrees represent a strong investment in society as does home 

ownership, marriage and having children. Furthermore, these represent accepted goals in 

society, indicating the acceptance of social norms. It often has struck me that if engaging 

in speeding will result in serious injury or death, why is that not enough of a deterrent? 

Will a fine somehow alter the matrix of commitment in such a fashion as to influence 

driving behavior? Of course, the answer lies in how the individual perceives the 

probability of being involved in a severe collision or of being caught for speeding. 

The above factors indicate that the person has a strong belief in the current social values. 

Those with strong beliefs accept the authority of police and acknowledge the weight of 

the law. Those lacking in these values rationalize their beliefs stating that police are 

oppressors and see evading the law as an acceptable, skillful, and witty act. Hirschi 

claimed that all people in society share the same basic beliefs, the difference is in how 

much they conform to or neglect them (Deutschmans 1994, Sacco 1992). 

Perhaps this degree of conformity can be seen as breaking some laws but not others. 

Speeding is generally viewed as a minor crime as shown by the response of a voluntary 

fine instead of a prison sentence. Thus an individual may disregard speed limits while 

still con forming to other laws. 
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The last factor, involvement, deals with how much time and effort individuals spend 

pursuing conventional goals. Working takes up a great deal of time as does raising 

children. Students are engaged in their work a great deal of the time. When recreational 

activities are added the amount of time Ien is minimal. It is this residual time that can be 

used to engage in deviant acts (Deutschman 1994, Sacco 1992). The old adage "Idol 

hands are the Devil's playthings", sums up this component. 

Hirschi felt that exposure to strain is common to all as is the ability to deviate. The 

difference between conformists and deviants is the effectiveness of social barriers that 

inhibit people from deviation. These bonds are not seen as causing deviant behavior, but 

rather as making it possible. The question of why people engage in deviant activities is 

now turned around to ask why don't people deviate? (Sacco, 1992). 

2.2.3.6 LowSelf-Esteem 

Gottfriedson and Hirschi (1990) expanded upon the social bonding theme to develop their 

theory based on the principal of self-gratification and low self-control. Several 

assumptions underly this theory: 

• The act must provide immediate gratification. The criminal is not interested in 

deferred gratification, such as obtaining a university degree. 

• The act should be relatively easy to perform. 

• There should be an element of risk to make the act thrilling. Conventional 

activities are seen as dull and boring, while the deviant acts are exciting. 
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• These activities have little or no long term benefits. 

• Little or no planning is required to perform these acts. It does not entail academic 

or cognitive skills. 

• While the acts may result in pain or suffering for the victim, the self-centered 

attitude of the deviant renders the actor incapable of empathy. 

(Deutschman, 1994). 

Deviants are those who have evolved with little self-control. Thus, they believe that if 

they want something, they should have it immediately and with little cost or effort. This 

theory also states that these individuals will engage in a range of crimes, all 

representative of low self-control and desire for immediate gratification. Alcohol and 

drug abuse, theft, petty crimes are all the hallmark of such an individual (Gottfriedson 

and Hirschi, 1990). It would, of course, be reasonable to expect these individuals to have 

poor driving habits. 

However, if we look at the degree of self-control possessed by all, this factor may 

certainly be situational with a great degree of variance. As the act of speeding is not 

considered by most as criminal, individual self-control may be overridden by 

conventional people as well. 

2.2.3.7 ConflictTheory 

As its name implies, conflict theory deals with the conflict between different groups of 

society. The exertion of power by one group over another is the explanatory variable. 
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Thus deviants are not lacking in self-control nor are they perverse, rather they are people 

trying to get ahead in Ufe despite the inequalities existent in society. The competition 

over unequal resources creates winners and losers with the winners attempting to 

maintain the system such that it continues to work for them. Deviants, as explained by 

this theory, are those who wish to change the system so that they may achieve their goals. 

The change may be wrought within (liberal) or outside (radical) the system. As groups 

struggle over society's resources, the abiUty to define deviance is seen as a powerful tool 

for control. 

This argument is more relevant in exploring the laws and regulations governing the usage 

of roadways than it is in explaining why people speed. Defining speeding as a dangerous 

anti-social activity justifies the activities of the police. As long as there are speeders, 

police services can validate budget increases and the use of surveillant technology such 

as photo radar. Making claims in defense of photo radar some would say: "If you didn't 

speed, you wouldn't get the ticket". This, of course, deflects any criticism of the setting 

of the speed Umit or the placement of police intervention. The criticism leveled at 

placement of police intervention devices generally revolves around what are called speed 

traps. These may be located at the bottom of a hill, where the speed limit suddenly 

changes to a lower value, or locations where drivers are known to speed even though 

collisions do not occur there. 

Hauer (1990) also criticizes the engineering guidelines as not having enough empirical 

research supporting them. Ifan accident occurs, the government can be held liable if the 
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road is deemed to be at fault or not constructed according to the proper guidelines. As 

Hauer explains, the vertical curvature of a road must conform to a certain radii so that the 

driver may see an object of specific height in the road (four inches). As cars evolved in 

design, they generally were built lower to the ground. As a result, the distance to observe 

the aforementioned object decreased. The height of the object was adjusted and made 

higher (six inches desirable, fifteen inches allowable), which allowed roads to remain as 

they were. Subsequently, the 'desirable' has been dropped and fifteen inches is now the 

mie (Hauer, 1990). This saved governments millions of dollars in re-grading roads and 

also protected them from civil suits as the roads once again conformed to regulations. It 

was never asked what the chances or consequences were of not seeing objects of four or 

six inches in the first place. 

Furthermore, the task of monitoring road safety falls upon those with the greatest vested 

interest, the designers of the roads and the police who patrol them. It hardly seems 

reasonable that these two groups would severely criticize their activities as contributing 

to collisions. This gives a great deal of power and control to a small group of individuals. 

As mentioned earlier, automobile manufacturers may also be exerting undue influence 

over government agencies through lobby groups. It is easier, and cheaper, to promote the 

idea of the reckless driver rather than an indifferent industry manufacturing and selling 

dangerous machines. 
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2.2.3.8 MarxistTheory 

Conflict and functional theory owe much to the work of Marx and Engels. However, the 

Marxist viewpoint focuses directly on the prevailing mode of production and the resulting 

relationships (Cloke, Philo, Sadler, 1991; Harvey, 1992). The law has been criticized as 

supporting the wealthy class and photo radar is no exception. It can be viewed as a user 

fee, as long as one has the ability to pay you can continue to speed indefinitely. Of 

course, lower income groups are hit much harder by the fines than are the wealthy. 

If the criminal justice system is viewed as an institution supportive of the capitalist class 

then the activities of the police become suspect. The ubiquitous presence of patrolling 

police acts as a warning to all citizens that they are being watched, reminding them that 

they can exert power over them. Thus the roadways become an intersection where the 

average individual comes in contact with the government in its punitive role. It defines a 

boundary which serves its ontologica! purpose of supporting the status quo. 

2.2.4 SPEED IN THE SOCIAL CONTEXT 

The speed at which we travel and communicate has been steadily increasing facilitated by 

technological advances. This emphasis on constantly making our technologies faster is 

firmly rooted in the goals of society. This is not to state that there is a form of 

technological determinism such that the social value of speed results from or is produced 

by these advances. That would imply a separation of technology from society, which is 

not the case as the desire for increased rapidity supports the creation of faster 

technologies. 
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"No technology can come into being without its socialization; and this 
socialization is an ongoing process throughout the circuits linking 
technological production, distribution, and usage. " 

(Crang, Crang, and May, 1999; 2) 

This concept is similar to Giddens' structuration theory whereby objects cannot be 

separated form their social context as it is this very context which determines their nature 

as they, in turn, aid in reconstituting society (Cloke, Philo and Sadler, 1991). Thus as 

speed evolves, which is the result of social and economic desires, society itself is 

transformed accordingly. Ifwe consider speed to be a structure of society, the following 

two statements regarding dualities can be seen to apply: 

"1. to recognize the duality of structure: that is, the manner in which 
structures enable behavior, but behavior can potentially influence and 
reconstitute structure; and 

2. to recognize the duality of structure and agency: that is, to transcend 
the dualism of deterministic views of structure and voluntaristic views of 
agency. " 

(Cloke, Philo, and Sadler, 1991; 98) 

Transportation has seen a constant history of increasing speed. The sailing ships bringing 

tea from China needed to be fast as the first ship at dock in London would command the 

best price for its produce and would be guaranteed to sell its entire cargo. Thus speed and 

competition went hand-in-hand, with the spoils going to the winner (the fastest). Speed is 

glorified through races: people, dogs, horse, car, boat, plane, and just about anything else 

that moves. Computers are rated by their clock speed in mega hertz with the fastest being 

the best. 
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Speed is relative to the society that defines it, "The speed of transporting oneself was a 

direct reflection on the social speed at the time" (Rothe, 1994; 134). Koshi (cited in 

Rothe) states that as the social pace increases in speed this permeates the society causing 

a need for many other things to keep pace. Technology draws upon this sentiment and 

increases the speed of many devices. The automobile is an example of this to the point 

that speed is an intrinsic value that helps to sell the vehicle (Rothe, 1994). 

2.2.5 DEVIANCE SUMMARY 

The purpose of this section is to illustrate the complex nature of defining speeding and 

accepting the laws as they exist. There may be many reasons for their existence that do 

not necessarily relate to creating a safe environment. Also, it is important to set the 

phenomenon squarely within the social context, an area that has seen little discussion. 

Kelly succinctly sums up the need for understanding the surrounding social conditions 

that give rise to deviance: 

"One fact that should be apparent now is that as long as failure, criminal, 
and deviant values, and traditions exist, we will obtain outcomes 
commensurate with these phenomena. Correlatively>, getting tough on 
crime and delinquency, for example, will not begin to get the job done, 
primarily because ... those normative structures, conditions, and 
environments that guarantee the continued production of perceived 
deviation will remain virtually unchanged. " 

(Kelly, 1996,646) 

Several important points have come out of this discussion that require further 

investigation. 
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• Speed limits can be contentious. 

• Policing of speeding behavior can appear to be arbitrary. 

• Speed is a socially desirable property. 

• Placing all the blame on the driver deflects criticism from other components of 

the road system. 

• There is no unambiguous definition of what constitutes 'normal' driving. 

• People rationalize their behavior, rarely accepting hard and fast rules for all 

situations. 

• There are many strong motivational forces in place which encourage activities 

such as speeding. 

• Training and licensing appear inadequate to develop appropriate attitudes. 

Not all of these topics can be investigated within the scope of this dissertation, 

nevertheless they do inform the research. The focus will now shift to the concepts 

underpinning traffic law and to the police perspective. 

2.3 DETERRENCE THEORY 

One of the major theories to develop out of criminological research is deterrence theory. 

This theory provides the philosophical foundation for the criminal-justice system, 

especially in regards to traffic law and therefore it is important to this discussion. 
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2.3.1 INTRODUCTION 

In 1764, Cesare Beccaria wrote Dei delitti e della pene (On Crimes and Punishment), 

outhmng the basic tenets of deterrence theory. He explained that punishments should be 

applied to deter criminal acts. The punishment should be just enough to deter an 

individual from committing a particular crime. Thus when a person is weighing out the 

consequences and the rewards of a crime, the punishment for that act will be just enough 

to make the cost of getting caught a little more than the reward. He suggested that prisons 

were one such way of measuring out the right amount of punishment (Deutschman 1994). 

2.3.2 BACKGROUND 

Five central tenets underpin classical deterrence theory. They are as follows: 

1. "People are hedonistic. They seek pleasure (gain) and avoid pain 
(harm). 

2. People have free will. They choose whether to commit offences or 
conform to rules in solving their problems or meeting their needs. 

3. Society is a form of social contract whereby each individual gives 
up some of his or her right to hedonistic pleasure in order to 
partake of the greater good provided by the social order. 

4. Punishment is justified as a means of transforming the hedonistic 
calculus so that the performance of duty is more rewarding than 
following the criminal path. In classical utilitarian terms, the 
solution for all kinds of crime was to make the punishment 
sufficiently severe and predictable enough to change the 
calculation so that conformity would be preferred over crime. 
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5. Reform of the secular world is worth while and appropriate since 
the chief goal in life is not to achieve salvation, but rather to allow 
the greatest good for the greatest number. Armageddon is not 
imminent: abuses, injustice, and oppression are the chief evils to 
be fought against." 

(Deutschman, 1994; 98-99) 

Beccaria also stated that there are three main principles of punishment: the efficacy of 

deterrence relied on certainty, celerity (speed), and severity. Combine these factors and a 

fourth criterion emerges, exemplarity, warning those who might offend by example. 

These principles are the cornerstone of traffic law and policing. The setting of speed 

limits as a boundary makes policing this activity quite easy. All that is needed is a fair 

way to determine the speed of a vehicle and an officer to witness it. However, there is a 

certain amount of discretion available to the officer, including those operating photo-

radars. Officers using radar guns and pulling the offending motorist over may decide not 

to issue a ticket, issue one for less than the actual speed recorded by the radar (reducing 

the cost of the fine) or not only meting out the maximum fine possible, but also 

examining the driver and vehicle for further infractions. The discretion allowed to photo 

radar operators is that of setting the speed required to trip the camera. There is usually a 

tolerance limit depending on the speed limit at the specific location. 

These flexible rules are quickly learned by the public but can be subject to change with or 

without public notice. If a number of severe accidents occur over a short time period, the 

police force may come under pressure to "do something about it." A zero tolerance policy 



47 

may be put into effect, or conversely, if there is a public outcry against a large amount of 

ticketing there may be a reduction in surveillance. 

In a perverse fashion, the problem of crime may be exacerbated by those charged with 

controlling it. During times of increased enforcement the outcome might be a greater 

number of recorded offences with no real increase in the crime rate (Silverman, Teevan 

and Sacco, 1996). 

It is important to learn the "theories of the office" as Kelly names them. Attitudes are 

ingrained during training sessions at police academies and on-the-job training (Kelly, 

1996). Many police officers whom I have spoken with view the situation as simply "don't 

do the crime if you can't afford the time." Added to this matrix are the official and 

unofficial stances of the police service. While the policy may be such that safety is the 

primary goal of the traffic cop, the necessity to fulfill monthly quotas may transform this 

doctrine to something different. 

"We need to examine how the theory of the office actually becomes 
translated into action; is there a direct correspondence between an 
agency's official perspective and its actual working ideology? Answering 
these questions requires an ongoing examination of how social-control 
agencies go about processing clients. " 

(Kelly, 1992; 299) 

This last statement of Kelly's can certainly be viewed as controversial when we look at 

the shift away from personal contact to technological surveillent devices. 
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2.3.3 TYPES OF DETERRENCE 

There are five different types of deterrence defined by their impact on individuals and 

how they are implemented. Even though their impacts are targeted at either the individual 

or at a group, the same strategy fulfills this purpose. This strategy is the utilization of 

patrol cars, radar and lately a greater reliance on photo radar to apprehend and ticket 

offending drivers. 

Absolute deterrence relies on imposing penalties that are so severe that no person would 

hazard the chance of being caught. This strategy, obviously, would engender a public 

outcry that would overthrow the government. It would be hypocritical to inflict a 

punishment that is more harmful than the consequences that they are meant to prevent. 

This type of deterrence therefore is of no interest to this dissertation. 

Cross deterrence occurs when penalties for one form of crime deter an individual from 

committing other offences. The presence of highway patrol cars deter various kinds of 

traffic violations, not just speeding. 

Relative deterrence relies on increasing police patrols to achieve a lower level of crime. 

This addresses the component of certainty. Photo radar is directed at this factor. As more 

units are deployed and their mobile capability utilized, the risk of apprehension is 

perceived as higher. 
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Specific deterrence is such that it affects the individual. It is the amount of deterrence that 

is generated from the punishment a person receives. This supposes that the admonished 

person will not wish to receive the same punishment. Specific deterrence is one of the 

more important types that the criminal justice system relies on. It is ingrained into most 

individuals in Canadian society as our culture relies on rewards for right action and 

punishments for wrong, whether applied formally or informally. 

General deterrence speaks to the exemplary nature of deterrence. Ifthe general public is 

aware of the consequences of criminal action then they will not risk the chance of 

apprehension and punishment. This requires not just the presence of a criminal code but 

the willingness of social institutions to impose them. (Deutschman, 1994; Sacco, 1992; 

Kelly, 1996). 

2.3.4 CRITICISMS OF DETERRENCE 

The most obvious critique is that if deterrence is effective, then why is there still crime? 

Beccaria contends that certainty is more effective than severity. This refers to the actual 

rate of detection and punishment as well as the perception amongst all individuals that 

certainty is increased. In order to work though, the public must be aware of the increase 

which is not always the case (Deutschman, 1992; Kelly, 1996). 

In the case of fines only, as occurs with photo radar, the punishment may appear more 

severe to lower income families whereas it may form no deterrence at all to wealthy 
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individuals. This reliance on pecuniary punishment cuts across class lines and takes on 

the appearance of inequality. This apparent abuse of the system has the ability to foment 

dissent and undermine the authority of the system. 

General deterrence is the most contentious of all. First, it is not known to be effective. 

Secondly, the public must be aware of the implementation of the penalty on an individual 

and this is generally not the case. Is it just to punish one person to deter others from 

possibly committing a crime? The injustice of this approach is obvious (Deutschman, 

1992; Sacco, 1996, Rothe, 1994). Deterrence assumes that all individuals are equally 

aware of all possible punishments and will respond in exactly the same way. This does 

not seem feasible given the wide variety of motorists on the roadways. 

In the case of photo radar, we see a change in the three components of deterrence. 

Severity has actually decreased as there is no worry about receiving demerit points on the 

driver's licence that can result in suspension of the licence or increased insurance 

premiums. Celerity has decreased by a large amount, from the immediate delivery of a 

ticket by a uniformed officer to the receipt in the mail of a ticket one to two weeks after 

the fact. By that time, many people cannot remember the particulars of the incident and 

so cannot mount an effective defence. Furthermore, the cost of taking time off work and 

going downtown to plead the case in a court of law is prohibitive for many, therefore they 

just pay the fine anyway while possibly maintaining their innocence. Supposedly surety 

has increased due to the mobile and surreptitious manner in which photo radar is 
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employed. However, the large amount of people still speeding appears to indicate that the 

perception of apprehension is still reasonably low. 

Deterrence relies on the commission of criminal acts to be effective. Ifsomeone does not 

commit a crime, there is no specific or general deterrent consequence. This paradox does 

not appear to promote safety as it is stating that we must allow some to speed to prove 

that punishment will result. 

2.3.6 SUMMARY OF DETERRENCE 

The hypothesis that punishment will deter deviant or criminal acts appears logical on the 

surface. After all, it is the basis of most child-rearing practices in Canada whereby the 

child is informed that certain acts will result in the restriction of activities, the removal of 

something desired (T.V.), or a spanking. Thus from a very early age we are socialized 

into accepting this doctrine. Many times we hear the public outcry over crime calling for 

more severe penalties, and yet research indicates that this is not effective. As logical as 

the theory is itself the criticisms are compelling enough to discredit deterrence theory 

entirely. Below is a brief review of some of the main points: 

• Deterrence theory underpins traffic law and policing. 

• People will act according to their desires unless deterred. 

• Punishment must exceed the perceived rewards of a criminal act. 

• Certainty and celerity of punishment are more effective than severity. 

• General (exemplary) deterrence is not proven to work and is unjust. 
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• Ifdeterrence works then why do people still speed? 

• If speeding truly risks life and limb, will the risk of a ticket really increase the 

cost? 

• Breaking the law is necessary to put deterrence into action. 

With the persuasive arguments against deterrence it appears as if a new tactic should be 

found and the old one scrapped. In my opinion, that would be a dangerous option. 

Deterrence does work, but not for all individuals nor in all circumstances. As much as 

there are a great many speeders on the roads, there are also many who obey the rules of 

the road and drive cautiously. We may state that deterrence works to a point. What needs 

to be discovered is how to augment deterrence, how to reach those that deterrence does 

not affect and alter their behavior. With that in mind, risk theories will now be 

investigated in order to determine the way individuals assess the amount of risk they wish 

to accept and how they form perceptions of risk with regards to the task of driving. 

2.4 RISK 

The study of risk spans many disciplines: geography, psychology, sociology, economics, 

and anthropology. Geographers have long investigated risk, especially that of 

environmental hazards (S lo vie, 1987). Repetitive hazards such as earthquakes, floods, 

volcanic eruptions, as well as severe weather in the form of hurricanes and tornadoes 

have proven to be the traditional area of social geography's exploration of risk. Two main 

areas were studied, perception of risk and adaptation to risk. Recently the focus has 
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shifted to the risk posed by technology in the form of nuclear generating plants or toxic 

waste sites for example (Slovic, 1987). 

The sociological perspective will be discussed first, followed by psychological theories of 

risk. The sociological approach deals with the way in which society views risk, how 

different groups develop various views, and with the institutions charged with managing 

risk (Ericson and Haggerty, 1997). Quite often the perceptions of risk between the 

average driver and the traffic safety expert is at variance. Recent explorations of the 

discourse of risk illustrate how different groups attempt to have their opinions become 

the official version (Ericson and Haggerty, 1997). The police services, road designers, 

government and insurance companies are all institutions that wish to create a definition of 

traffic safety. Psychological theories attempt to unravel the various considerations 

individuals utilize to evaluate what level of risk is acceptable, what type of risk an 

activity presents, and the individual's ability to cope with the situation. Research has 

delved into how different groups of drivers evaluate their skills as well as those of their 

peers and those belonging to other groups. The general consensus is that the majority of 

motorists are of the opinion that their skills are above average while those of others are 

below average (DeJoy, 1992; Delhomme, 1991; Glendon, Dorn, Davi es, Matthews, and 

Taylor 1996; Guppy, 1993; Hemenway and Solnick, 1993; Holland, 1993; Mannering, 

1993). As driving is a self-paced task (Summala, 1997), the individual's perception of 

their own skill will determine the level of risk that they will be willing to accept (Jackson 

et al, 1971). This has important ramifications in the delivery of information to drivers 
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through educational campaigns. As the individual perception of risk is developed within 

the prevailing social customs it is appropriate to discuss this concept first. 

2.4.1 THE RISK SOCIETY 

Risk is defined as probable dangers that may threaten hfe, limb, or property (Ericson and 

Haggerty, 1997). These hazards are external and range from natural disasters, dangers 

posed by technological advances, or menacing activities by humans. Institutions are 

charged with managing risk and providing security. These activities require knowledge 

based on the collection of data and statistical analysis. Furthermore, this knowledge must 

be communicated so that rules are adhered to and support technologies are accepted 

(Ericson and Haggerty, 1997). Photo radar required a change in legislation so that the 

owner of a vehicle could be charged with its misuse whether or not the owner was 

operating it at the time. Laws regulating the delivery of a summons required that it must 

be handed to the offender by a police officer. In response to the tremendous number of 

photo-radar generated traffic tickets, laws were changed to allow the summonses to be 

mailed. These changes which support photo-radar technology, increasing its efficacy, 

appeared to have spawned the use of other equipment such as the red light camera, and 

video cameras monitoring public spaces. The latter are wired to computer terminals that 

contain programs to analyze facial features and then match them to databases of known, 

wanted criminals. The need for the collection and analysis of data through surveillance 

and its relevance to the risk society is explained by Ericson and Haggerty in their book 

Policing the Risk Society (1997, p. 6): 
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"Risk society operates within a negative logic that focuses on fear and the 
social distribution of 'bads' more than on progress and the social 
distribution of goods ' [characteristic of the industrial society]. Collective 
fear and foreboding underpin the value system of an unsafe society, 
perpetuate insecurity, and feed incessant demands for more knowledge of 
risk Fear ends up proving itself, as new risk communication and 
management systems proliferate. The surveillance mechanisms of these 
systems create profiles of human populations and their risk to ascertain 
what is probable and possible for these populations. People are fabricated 
around institutionally established norms: Risk is always somewhere on the 
continuum of imprecise normality. " 

As already discussed, there appears to be no known driving norm, moreover, there is no 

norm for traffic or sections of road, intersections, etc. This poses as much of a problem 

for any comparative studies as it does for creating a nomothetic theory of traffic risk. 

There often is a discrepancy between how the expert perceives risk as compared to the 

layman's view. In this case, merely citing the current statistics will not cause people's 

perceptions to change ( S lo vie, 1987). This then enters into the area of discourse as the 

traffic safety researcher does not hide behind the objective wall of empirical scientific 

endeavor but is actively engaged in defining reality (Rothe, 1994). Who then is it that has 

the credibility to set the framework for constituting reality as it applies to driving, what 

are the credentials, and why does this reality appear to be at variance with a large 

population of drivers? These questions are beyond the scope of this dissertation, but 

should be borne in mind as this research is an attempt to lessen the 'reality gap' between 

motorist and expert. 
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2.4.2 RISK AND POLICING 

The institution with the greatest visibility also has the most amount of interaction with the 

motorist. This is of course the police service, provincial, state or municipal. They are 

backed by the authority of the state and are given powers of arrest, detainment and the 

use of force in order to discharge their duties. These extraordinary powers enhance their 

authority in the public's eye. It is said that an institution can be understood by how it 

defines and responds to risk (Ericson and Haggerty 1997). As discussed earlier, it appears 

that the way in which the police wish to define traffic risk is in definitive and structured 

terms that are given credibility through the law courts. Once defined, procedures are 

established to maintain the definition. The most notable of these are the speed limits and 

the strategies to apprehend those defying them. This is not to imply that the rules are 

immutable. Officers are allowed a certain degree of discretion and the decision to charge 

individuals under the law changes with the social climate, as does the law itself. Consider 

impaired driving, the law prohibiting this activity was in effect for some time but did not 

see much use until a grass roots movement put pressure on the police to arrest the drunk 

driver. Groups such as MADD popularized the risk of this activity forcing the police to 

respond. Laws also have changed as the penalties for impaired driving have been 

increasing. Technology also followed suit with the advent of the breathalyzer, check 

stops, and mobile booking units. 

Risk is a negative concept, based on the assumption that activities carry inherent danger. 

Risk management attempts to minimize this danger, it does not pretend to eradicate it. 
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This minimization of danger is achieved through the supply of security. Giddens (1990, 

35-6) defines security as "a situation in which a specific set of dangers is counteracted or 

minimized. The experience of security usually rests on a balance of trust and acceptable 

risk." The provision of security relies on knowledge and abstract classifications that 

define the negative outcome. It explains the condition in which danger becomes 

unavoidable and measures the potential for harm. As pessimistic as this approach seems, 

it does have optimistic characteristics in that it empowers individuals. 

"Although risk logic is based on merits of threats and dangers, it results 
in positive effects. It provides knowledge and technologies that allow 
people to allay their fears and take action. It provides the bare-minimum 
truths that reality is certain and consistent enough for one to proceed. • • 
• This is the power to take risks, to take enough chance out of chance that 
a course of action seems worthwhile. " 

(Ericson and Haggerty, 1997; 88) 

Risk is defined through scientific research and statistical analysis which quantifies the 

probabilities of risk, it often is science in the service of the risk institution. Managing risk 

becomes a political act as the institution attempts to regulate and proscribe correct 

behavior. It must communicate this information within the prevailing social context so 

that it is relevant for the layman. Institutions can be defined as health care providers, 

insurance corporations, private companies, government agencies including police 

services. 
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Reiss, quoted in Rothe (1994; 86) claims that policing of traffic laws has shifted to a 

strategy based on deterrence "which allows violations of the laws to occur so that the 

violators can be punished." However, Ericson and Haggerty (1997; 18) suggest that this 

may be changing: 

"This shift in orientation toward risk surveillance and security is fostered 
by a changing legal regime in risk society. As the emphasis on control 
diminishes, the criminal justice institution moves away from deterrence-
based law enforcement and towards a compliance-based law 
enforcement. " 

They also state that punishment and coercion are not at odds with risk management 

strategies but can cooperate. 

In order to maintain their privileged position within the risk society, institutions become 

increasingly guarded about releasing information. This is due to the fact that not only do 

they define risk, but they also devise the procedures to manage risk. These solutions 

generally support the activities of the institution creating a form of circular logic in that 

institutions define risk and risk defines institutions. In defining countermeasures to risk it 

is often necessary to segment the problem, removing it from its social context in order to 

make it manageable. This fragmentation undermines the efficacy of risk management 

leaving, at best, a temporary resolution (Ericson and Haggerty, 1997). Morahty is 

utilitarian as it becomes embedded in risk management. "Efficiency in loss reduction is 

the moral imperative" (Ericson and Haggerty, 1997; 124). For example, the Alberta 

Motor Association repeatedly states that the cost of traffic collisions to Albertans is $5 
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billion per year. This statement provides a moral imperative to their "Mission Possible" 

program. 

2.4.3 PSYCHOLOGICAL PERSPECTION OF RISK 

The present research focuses on how the individual determines the risk inherent in a 

particular activity, his or her ability to alleviate risk, and the benefit to be had from 

engaging in the activity. Thus risk perception is often a cost-benefit decision. This section 

will first focus on research that examines how drivers rate their skills and those of others, 

often referred to as self-bias. This will be followed by research that examines the 

phenomenon of risk compensation which has led to the formulation of a number of 

theories which attempt to explain the entire complexity of decision making in the face of 

risk. Most notable of these theories is Risk Homeostasis Theory proposed by Gerald 

Wilde (1982b). 

2.4.3.1 Self-Bias 

Initial psychological research into accidents, traffic and otherwise, attempted to define 

the 'accident prone' individual. This proved to be academically barren as there was no 

explanatory power behind these theories (McKenna, 1982). Following this, research 

delved into the cognitive skills necessary for error free driving and how to train people to 

enhance these skills. This led to improved automobile design, environmental design and 

educational programs. Unfortunately, professional educational programs did not appear 

to raise the skill level of participants (Brown, 1997). While maximizing skills proved a 

more effective area, subsequent research indicated that individuals do not operate at an 
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optimal level all the time. They are selective as to what information they choose to 

receive and what information they ignore (McKenna, 1982). This recognized that people 

had various behavioral traits modified by motivations, attitudes, and perceptions. As a 

result of this recognition, research was launched to develop an understanding of how 

individuals perceived the task of driving, its risks, the ability of other motorists and how 

they rate their own driving skills. 

These studies relied mostly on survey instruments administered to groups divided by 

demographic traits of age and gender. Driving experience as measured by number of 

years driving and average yearly mileage was also included as a variable. The results 

were quite consistent and the following hst sums up the similarities found: 

• All drivers, regardless of age or gender, felt that they were better drivers than most. 

• Peer groups, same age and sex, were generally rated higher in skill than other groups. 

• This self-bias was strongest amongst younger drivers and decreased with age. 

• Self-bias was also strongest amongst males. 

• All groups had a reasonably accurate understanding of the risks involved in driving. 

• Young males tended to underestimate the consequence of the risks however. 

(Delhomme, 1991; Parker et al, 1992; Guppy, 1993; Hemenway et al, 1993; Holland, 

1993; Mannering, 1993; and Glendon et al, 1996). 

Holland's (1993) paper indicates that while elderly drivers have accurate perceptions of 

risk, they had a poor conception of specific situations that might cause greater danger. 
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Studying groups of drivers with poor characteristics, speeding and/or drunk driving, and 

comparing their results to drivers with good records, Guppy (1993) concluded that those 

with poor records are more likely to underestimate the probability of adverse events. He 

concluded that countermeasures should concentrate on raising the overall perception of 

the probability of negative consequences. Optimism is related to risk taking, the more one 

believes one's driving skills to be exceptional the less one perceives the risk to be. In a 

perverse circular logic, the less one perceives risk to be, the more that individual is 

willing to engage in riskier driving (DeJoy, 1992). Going one step further, Parker et al. 

(1992) found that those who had a lower level of belief in the consequences of traffic 

collisions were also more willing intentionally to commit driving violations. This is very 

similar to the concept of risk compensation which will be discussed next 

Delhomme (1991) found that all drivers, regardless of how they rated their skills, stated 

that they abided by the prevailing regulations more than other drivers. This adds a moral 

tone to self-bias. The conclusion of self-bias research is generalized as most motorists 

believe themselves to be very good drivers and the problem is that everyone else is a poor 

driver. The consequences for educational and media campaigns is severe. While people 

may pay attention to campaigns aimed at eradicating poor driving habits, they do not feel 

that they are targeted at themselves and therefore ignore the message. They are happy to 

see such messages as they believe that they are there for all the other 'bad' drivers. 

Hemenway and Solnick (1993) look at the correlates of personality and collisions. It 

appears that those who exhibit poor self-control and aggressive behavior are involved in 
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more collisions. This is reminiscent of Hirschi and Gottfriedson's General Theory of 

Crime. Furthermore, Hemenway and Solnick report that risk taking behaviors are 

intercorrelated. Underwood et al. (1997) also agree with these findings as do Parker, 

M an stead, Stradling and reason (1992). Thus those who commit one offence, such as 

running red lights, commit other offences, such as speeding. This too was predicted by 

the General Theory of Crime. 

There are critiques of this approach to categorizing individuals by their general attitudes. 

Rothengatter (1997) points out how all drivers will vary greatly in mood and state of 

alertness from day to day. People drive tired, agitated, angry, distracted, and under the 

influence of alcohol and medication as well as when rested and alert. Boredom can set in 

on long drives impeding a motorist's abilities. All these states can occur while attempting 

to maintain an extremely high state of vigilance and control and in the face of possible 

dangerous situations that arise, and must be responded to in a fraction of a second. All 

road users have a tremendous amount of variation in their experience, skills and their 

capabilities. Rothengatter sums up the consequences in the following: "In no safety-

critical system would such operators be allowed to junction in such a task environment, 

in the traffic safety system it is everyday reality" (59). 

Janke (1991) criticizes these studies along methodological lines. Most of these studies 

use mileage driven as a variable to indicate exposure to risk. The flaw in this reasoning is 

that not all miles are the same, as this variable assumes. Different stretches of road are 

more hazardous than others and this must be factored into the amount of miles driven. 
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3 Chapter 3 

REVIEW OF EMPIRICAL TRAFFIC SAFETY RESEARCH 

3.1 INTRODUCTION 

Most research in the area of traffic safety is of an empirical nature, focusing on how 

various intervention strategies, enforcement, signage, or design, impacts driving 

behaviour. Speeding, by virtue of being illegal, is defined as a deviant act. Speeding is 

considered a behavioural problem resulting from lack of judgement or incorrect 

perception on behalf of the driver and thus the attempt to influence the motorist. Studies 

are either controlled experiments or analysis of large datasets covering one or more years 

of accident information collected at the municipal, state, or national level. 

Controlled experiments consist of intervention or cross-sectional studies. Intervention 

studies or time-series analysis involve the measurement of variables such as traffic flow, 

accident frequencies, and vehicle speed data. Information is collected at a site or sites 

before the intervention, followed by data collection during the intervention, and, finally, 

measurements are taken for a period of time after the intervention has been removed. 

Cross-sectional studies involve monitoring of different sites with dissimilar 
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characteristics in the hope that differences in mean speeds or accident involvement can be 

attributed to one of the characteristics that is different between the sites (Knowles, 

Persuad, Parker and Wilde, 1997). 

Longitudinal studies utilize the large dataseis collected by governments. Local scale 

(municipal, county, province or state) data generally consist of Colhsion Report Forms. 

This data is gathered by police services and is used for criminal proceedings and 

insurance settlements. Federal governments also maintain databases such as the Fatahty 

Analysis Reporting Systems (FARS) maintained by the U.S. Department of 

Transportation's Bureau of Transportation Statistics (www.bts.gov). This information has 

been used for data mining such as comparing personal driver data (age, gender) to 

accident involvement or driving behaviour (Bowie, Noble and Walz, 1994). These 

databases have also been utilized to observe long-term changes and trends. Most notable 

are studies examining the effect of the U.S. government imposition of a national 55 mph 

speed limit beginning in 1973 and its subsequent repeal in 1979 (Johnson, Klein, Levy, 

and Maxwell, 1980). 

Other empirical studies use surveys and questionnaires to uncover drivers' opinions 

towards various behaviours and to have drivers rate their own driving skills. By 

aggregating survey information, researchers attempt to uncover 'profiles' of drivers most 

likely to commit errors in driving that can cause collisions. This information is also 

useful for target marketing of safety promotional campaigns. 

http://www.bts.gov
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3.2 CONTROLLED EXPERIMENTS 

In order to determine the effect of various types of intervention strategies, researchers 

design experiments along the lines of a time series intervention study. Interventions can 

range from feedback, or information signs, to the placement of different police 

enforcement equipment. Occasionally, media promotional campaigns are run either 

separately and tested for changes in driving behaviour, or concurrently with some other 

strategy to determine if there are cumulative effects. 

3.2.1 ENFORCEMENT INTERVENTION STUDIES 

Typical of intervention studies is the placement of police enforcement to determine how 

the presence of a police vehicle affects the speed of traffic (Pederson and McDavid, 

1994; Rooijers and De Bruin, 1990). Other experiments attempt to quantify the spatial 

limits and temporal duration of these effects, otherwise known as 'Halo' and 'Memory' 

effects respectively (Armour, 1984; Dart and Hunter, 1976). Recently, a number of 

intervention experiments have been performed to test the effectiveness of automated, or 

photo radar, enforcement (Pederson and McDavid, 1994; Elvik, 1999) 

Rooijers and De Bruin tested the effects of police vehicle intervention in conjunction 

with a media campaign. One experiment involved the placement of signs only while the 

second experiment included newspaper, radio, and television campaigns (Rooijers and De 

Bruin, 1990). The experiments lasted for eleven weeks each sequenced as follows: two 

weeks baseline measurement, one week police intervention, one week baseline, two 

weeks signs and/or media, one week baseline, and two weeks police intervention, signs 
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and/or media, and finally, two weeks baseline measurement as a follow-up. Baseline 

measurements are simply the capture of the average traffic speeds without any 

intervention to influence the drivers. It can then be used as a control with which to 

compare results. 

There is a concern that the sequencing may bias the results, as they concluded that the 

best reduction strategy is a combination of police and media involvement. Measurements 

did show a steady reduction in traffic speeds, however, the authors stated that it was 

impractical to alter the routine and they did acknowledge that this might influence the 

results. The reduction in average speed was statistically significant. Average speed 

reductions however were slight, 4.1 km/hr to 6.2, with an increase over the final two 

weeks of 1.8 to 3.4. Thus, the overall effect appears to be short hved. 

Reviews of empirical papers present opposing viewpoints with some stating "It is well 

documented that increased speed increases accident risk" (Ostvik and Elvik, 1990, 56) 

and others "... raising or lowering speed limits did not lead to any statistically significant 

changes in either total or severity of crashes" (Knowles, et al., 1997). Ostvik and Elvik 

claim that unmarked cars can have an individual preventative effect but only marked 

vehicles cause a reduction in traffic speeds. Knowles et al. also concluded that photo 

radar and similar techniques are effective at "locations where excessive speed is a 

problem " (3-3). However, they did caution that there might be a compensatory effect of 

an increase of collisions at non-enforced locations. 



77 

3.2.2 PHOTO RADAR EVALUATIONS 

Photo radar has the advantage of being able to ticket many motorists while utilizing 

minimal resources. PoHce services view this technique as a way to increase surveillance 

while freeing uniformed officers for more important tasks. Photo radar has been claimed 

to reduce speeding significantly leading to a reduction in the severity of collisions 

(Ontario Ministry of Transportation, 1995; Pederson and McDavid, 1994). 

Studies evaluating the effectiveness of photo radar installations tend to follow the same 

intervention design as previously discussed. In Vancouver, B.C., Pederson and McDavid 

tested photo radar at one location while recording data at another as a comparison. One 

week of baseline data was collected followed by two months of enforcement. Two weeks 

of follow-up baseline data was collected after the enforcement period. The result was that 

the percentage of vehicles exceeding the posted speed limit (50 km/h) was reduced by 

4.71%. The two-week follow-up measurements indicated a steep rise again once 

enforcement was removed. Statistical significance was obtained although the overall 

change in average speed was slight (1.29 km/h). The hypothesis that photo radar and 

publicity can effectively reduce traffic speeds was substantiated according to the authors 

even thought they state that "... it is not clear whether the radar camera per se was 

either necessary or sufficient to cause the observed reductions in vehicle speed" (67). 

Ontario's Ministry of Transportation tested photo radar use at three locations over a 

period of four months. Two weeks of baseline data were gathered first, followed by the 

placement of signs at the test sites for the first two weeks of August. The signs read 
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"SPEED ENFORCED BY PHOTO RADAR" (Ministry of Transportation Ontario, 1995; 

9). The remainder of the study had photo radar operating at the test sites in conjunction 

with the warning signs. Three other locations were also measured as controls. Their 

selection was based on environmental and traffic similarities with the test sites. The test 

results are shown in Table 3.1. 

Table 3.1; Average Speeds bv Time Period and Highway Site - Ontario Study 

2 Lane 4 Lane 6 Lane 

Time Period Experimental Control Experimental Control Experimental Control 

Baseline 88.6 90.9 111.7 111.0 105.9 108.6 

Aug.l-Aug. 14 88.6 91.6 109.4 110.6 103.7 108.5 

Aug. IS-Sept 14 87.0 90.4 106.3 108.9 100.1 105.7 

Sept 15-Oct 14 87.0 91.0 107.6 108.9 100.8 106.5 

Oct 15-Nov.ló 87.1 91.0 107.6 107.9 100.9 106.9 

Nov. 17-Dec. 19 86.1 89.4 105.9 105.5 98.6 104.2 

Source: Ministry of Transportation Oniariofl 995. lì). 

Mean speeds at all sites dropped over the period of the study. In all cases, the 

experimental sites experienced a greater reduction than the control sites. Contrary to the 

claims of a 'substantial drop* in mean speeds at all sites, the reduction appears slight as 

seen in Table 3.2 below. 

Furthermore, the test sites were selected on the basis of being places where photo radar 

would be deployed on a regular basis. It is possible to interpret this as indicating that 

these are problem areas. Iftbis is the case, then there is the consideration of 'regression to 
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Table 3.2: Total and Percentage Drop in Mean Speeds - Ontario Stndv 

2 Lane 

Experimental Control 

4 Lane 

Control 

6 Lane 

Control 

Total Drop (Km/h) 2.50 1.50 5.80 5.50 7.30 4.40 

Percent Drop 2.82 1.65 5.19 4.95 6.89 4.05 

the mean' which was not addressed in this study. If the pretest scores were high, as 

indicated by these being problem areas, one would expect a change due to the "law of 

averages". This change to a lower post-test value could be due to this "evening out" as 

overall values move toward the lower mean value (Shaughnessy and Zechmeister, 1990). 

The study also argues that the reduction at the control sites was due to a 'spillover' effect. 

Another explanation may be just as, or even more compelling. The alternative 

explanation relates to the change in weather conditions over the length of the study. It 

begins in late summer and continues through fall where it is entirely possible that 

snowfalls were recorded. Snowfalls cause reduction in average speeds due to reduced 

driving conditions (Andrey and Snow, 1998; Andrey et al; 1999). 

This argument that the control site represents a universal change, which must be 

accounted for, indicates that the experimental sites must be adjusted. Ifthe experimental 

sites were reduced by the same percentage as their associated control pairs, then the 

residual speed reduction could be attributed to the photo radar and message signs. The 

results of this alteration are presented in Table 3.3. This reconfiguration of the data 

indicates that the reduction attributable to photo radar and signage is even slighter, with a 

maximum reduction of only 3.01km/h in average speeds. Controls, traditionally are 
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utilized to measure changes occurring regardless of the experiment, they should not be 

explained away merely as some uncontrolled leakage from experimental sites. 

Table 33; Accounting for Control Sites in the Ontario Study 

2 Lane 4 Lane 6 Lane 
Experimental Experimental Experimental 

Baseline 88.60 111.70 105.90 

Control Reduction 1.65 4.95 4.05 

Adjustment -1.46 -5.53 -4.29 

Adjusted Baseline 88.14 106.17 101.61 

Last Value 86.10 105.90 98.60 

Total Change (km/h) 2.50 0.27 3.01 

Percent Change 2.90 0.19 3.05 

Reviews of photo radar studies, and the studies themselves, do agree on one important 

point, and that is that photo radar appears to be effective at slowing down traffic at 

locations where average speeds are high enough to be considered a problem (Oei, 1998; 

Knowles et. al, 1997; Armour, 1984). Many also agree with Armour's point that the 

police vehicles should be marked. The province of Alberta instituted rules governing the 

use of photo radar recommending that signs should be used to indicate photo radar 

surveillance. This resulted in the placement of a number of signs along roads where photo 

radar might be, merely stating that the particular road does experience photo radar 

enforcement. However, the photo radar vehicles are still randomly placed and unmarked. 

This methodology matches the philosophy behind deterrence theory not risk 

management. 
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3.2.3 DRIVER FEEDBACK SIGNS 

Variable message signs (VMS) and portable signs deliver information to the driver about 

road conditions, construction, or congested traffic ahead due to collisions (Knowles et al., 

1997). Signs also remind the driver to drive safely, or point out a change in speed limits 

(Bowron, 1996). In areas where speeding is a concern such as construction zones or 

stretches of road where speeding is a consistent activity, radar speed measuring devices 

have been coupled with display signs (Casey and Lund, 1993). These signs display the 

speed of the vehicle in an attempt to remind the motorists what their speed is. 

In two studies, Van Houten et al. have tested the efficacy of such signs in Halifax, Nova 

Scotia. The sign states what percentage of drivers drove within the speed limit last week, 

the speed limit, and the motorist's current speed. They claim that these signs will reduce 

the average speed of traffic and that the effect has a long duration (Van Houten et al.; 

1985). However, the study period was for six months and the accident numbers were 

slight, making it difficult to draw any conclusions. In a previous experiment (Van Houten 

and Nau; 1983), feedback signs were tested with and without the presence of police 

vehicles. Only 150 to 200 vehicles were measured each day and the results were 

presented only as graphs. Statistical analysis and tests of significance were not presented. 

Furthermore, the structure of the experiment may bias the results. Baseline data was 

collected for one week, then a marked police vehicle was placed at the location for a 

week. This was repeated followed by a week of baseline data capture and one week of 

measurement with a police vehicle and a sign. The police vehicle was allowed to stop 

speeders and issue tickets at their discretion during the test. The authors stated the 
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evidence indicated the police vehicle - sign combination was the most effective at 

reducing average traffic speeds. 

However, there is a concern that the presence of a police vehicle for two weeks out of 

four prior to installation of the feedback sign might have had a cumulative effect Many 

people travel the same route to work and back and those individuals would have learned 

that some type of increased activity was occurring at the location. This group of drivers 

could be expected to exhibit learned behaviour and slow down. Thus, by the time the sign 

was placed, the traffic stream was already slowed due to the police activity and not due to 

the sign. While this cannot be proved, it is a concern that must be considered before 

making any definitive statements regarding the success of this experiment. Dart and 

Hunter (1976) tested Variable Speed Indicators (VSI) in conjunction with police 

enforcement as part of a study to determine 'Halo' effects. They concluded that: "The VSI 

sign had no significant effect on vehicle speed and was no substitute for actual 

enforcement activity" (p.33). 

In Casey and Lund's study (1993), the effects were statistically significant, but the 

reduction in average speeds was slight and short lived. The authors pointed out that while 

the change in average speeds was slight, the reduction of those driving at excessive 

speeds was greater. Analysis of the standard deviations of average speeds would have 

helped with this interpretation. All sites in this study were selected due to a previous 

history of high-speed behaviour. The authors did suggest that this might pose a problem 

as 'regression to the mean' might account for some of the measured change (Casey and 
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Lund, 1993). As mentioned earlier, if the recorded pretest scores are unusually high, it is 

often the case that subsequent measurements will be lower due to a tendency for data to 

approach the mean value over repeated measurement. Thus, the change to a lower post-

test score may be attributable to regression to the mean rather than to the treatment being 

tested in the experiment. 

3.3 CROSS-SECTIONAL AND LONGITUDINAL STUDIES 

As most countries maintain large collections of traffic related data, it is possible to track 

changes over time. The majority of these studies focus on changes in speed limits and in 

particular, the reduction of national highway speed limits to 55mph in the U.S. The 

highway database is extensive and it is cross-sectional in nature. Cross-sectional studies 

compare accident rates from different sites and attempt to attribute the difference in 

accident experience to the difference in the sites; speed limits, flow, design and 

environmental considerations. 

Retting and Greene (1997) examined the change in average speeds following the repeal 

of the 55 mph speed limit. They measured speeds at various locations in five different 

states. One month of traffic speed data was collected while the speed limit was still 55 

mph followed by three separate months of measurements once the speed limits were 

raised. The posted limits were not the same in all states (65 mph, 70 mph, and 75mph). 

Average speeds increased, but generally by small amounts (2 to 5 mph). The standard 

deviations also rose, which was reflected by the fact that greater percentages of motorists 

were traveling over 70 and 75 mph. Again though, these figures are not alarmingly high, 
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7 to 14% increases in the over 75 mph category. No attempt was made to relate these 

speed changes to collision data. 

Bowie and Walz (1994) analyzed three large datatsets, Crash Avoidance Research Data 

file (CARDfile), the Indiana Tri-Level study and the Fatal Accident Reporting System 

(FARS). The analysis consisted of a preliminary data mining exercise, merely collecting 

frequencies for various categories of data. Excessive speed was the second highest 

'human' causal factor, behind improper lookout. With a mid-point of 12% (7.1 - 16.9) it 

seems that it does not deserve the attention given it by police services. Of notable interest 

was the finding that the majority of speed related fatal collisions (70%) were single 

vehicle accidents and 56% of all drivers involved in speed related fatal collisions were 

determined to have been under the influence of alcohol. Seat belt usage was extremely 

low for this category (19%), which would contribute to these collisions being fatal 

instead of injury or property damage only. Also, 64% of the speed related collisions 

occurred during the night (Bowie and Walz, 1994). Unfortunately, the authors did not 

attempt to expand the statistical analysis beyond these comparisons. 

In light of the previous chapter's discussion of deviance and deterrence, a very interesting 

finding by Bowie and Walz was to do with drivers who had previous violations. 

"An analysis of drivers with previous citations shows that in all cases, a 
greater percentage of drivers involved in speed-related fatal crashes had 
previous violations as compared to those involved in fatal crashes that 
were not speed-related. " 

(1994, p.36) 
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In light of this evidence, it appears that the concept of deterrence, especially deterrence 

specific to speeding, does not work well. 

Baum, Lund and Wells (1989) examined FARS data following the repeal of the 55 mph 

speed lhnit Thirty-eight states raised their speed limits to 65 mph, these states were 

included in the study. Only rural interstates were examined as other rural roads remained 

at the 55 mph or lower speed limit. Not all states responded at the same time to the 1987 

law that allowed speed limits to be increased. The earliest change was in May of 1987 

and the latest was in September of 1987. Thus only those months were used, then 

averaged, and compared to data for the period of 1982 through 1986. There was an 

increase in fatalities of 19% in 1987, however, the short and inconsistent time periods 

used for the 'after' study introduces some methodological concerns. Not the least of these 

concerns are those over changes to road and automobile design over this time which were 

not accounted for in this study. 

Liu and Popoff (1995) studied accident records in the province of Saskatchewan for the 

years 1991 to 1994. Percentages of various categories were compared yielding the 

following results: 

"Human factors include some types of human error, such as those 
listed in the Saskatchewan accident report form: exceeding speed limits, 
driving too fast for road condition; following too closely, failing to yield, 
and disregarding a traffic control device. If one considers the first two 
types of human error as speed-related about 20 percent of all human error 
that contributes to collisions is speed-related These speed-related errors 
contribute to about 10 percent of all crashes and 13.5 percent of all 
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casualty crashes (crashes in which there was an injury plus crashes in 
which there was a fatality). 

The other three types of human error listed are also likely to be 
speed-related in many situations. Ifone considers that all five of the types 
of human errors just mentioned are speed-related, more than 60 percent of 
all human error that contributes to 30 percent of all collisions and more 
than 40 percent of casualty collisions in Saskatchewan. " 

(1995, p.9) 

The final paragraph represents an unqualified assumption that possibly greatly overstates 

the role of speeding in accident causation. Using multiple regression to analyze the data 

further, the following formula was derived: 

Casualty Rate = 0.0298 Ave. Spd. + 0.0405 Diff- 3366 (R2 + 0.94) 

Where: Casualty Rate is a measurement of exposure (casualties per million 
vehicle kilometers of travel (Mvkm). 

Ave. Spd. Is the average travel speed 

Diffis the difference between the SSth-Percentile speed and ISth-Percentile 
speed. 

While the r-squared was very high, other statistics such as significance were not 

presented. Furthermore, the casualty exposure figure derived from Mvkm is suspect due 

to propagation of error. This number is arrived at by determining the fleet of cars in the 

province from registration data. Mileage is then determined for all the vehicles and gas 

sales are examined in order to arrive at the final answer. As can be easily seen, this 

construction will have error introduced more than once causing the final number to be 

approximate within a broad range. Precision has certainly been lost This analysis was 
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based upon a dataset collected in 1969 where the speeds of about 200 free-flowing 

vehicles were recorded for 14 control sections which had 100 km/hr speed limits. Thus 

the sample size was less than 2,800 which is very small to be able to reach any definitive 

conclusions. While 2,800 may appear to be a large sample size, when compared to the 

population that this experiment is predicting, that being all drivers in Saskatchewan, it is 

very small in comparison. Also, 200 vehicles per road section is also quite a small sample 

to be representative of all drivers on that road. 

Streff, S chu Itz, and Molnar (1990) analyzed over 3 million collisions collected in an 11 

state dataset. Human error is credited as being the most frequent factor in motor vehicle 

collisions. Streff et al. examine Unsafe Driving Acts (UDAs) not just individually as 

most other studies, but in context with each other. This can be difficult as there are 

varying definitions of UDAs. For example, Joscelyn and Jones (1980) were quoted by 

Streff et al. as describing a speed-related driving act as one that occurs when "a vehicle is 

traveling above or below an appropriately established limit, or when a vehicle's speed is 

less than the fifth percentile speed of traffic or greater than the ninety-fifth percentile 

speed of traffic. " (p.2). In the Alberta Colusión Report Forms used in this dissertation, 

unsafe speed is merely a yes/no field and is determined by the recording officer. 

Initial findings by Streff et al. resulted in the separation and categorization of a series of 

the most important UDAs. The following UDAs, presented in order of frequency, were 

found to be the leading causes of crashes: 
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1) Turning in front of oncoming traffic, 

2) Pulling in front of oncoming traffic, 

3) Following too closely, 

4) Running a traffic control, 

5) Driving left of center, 

6) Speeding. 

Furthermore, in reviewing a collection of 22 on-the-scene investigations they found that 

multiple causes were prevalent in the majority of cases. 

"Two or more causative factors were identified in 20 of the 22 crashes 
and three or more were identified in six crashes. Human factors 
comprised the majority of the contributing factors identified (63%); most 
of these were driving errors. Most common were inattention to the driving 
task and improper reaction. Failure to exercise due caution and excessive 
speed were also common contributing factors but appeared less 
frequently. " 

(StreffetaLt 1990; 5) 

A Bayesian approach was used to determine the probability of unsafe speed occurring in 

conjunction with other UDAs. Streff et al. chose this approach as estabhshing causal 

relationships between speed, other UDAs, and accidents is not possible given the nature 

of the data (Streff et. Al. , 1990). Conditional probabilities were derived using the 

following formula: 

v ' P(Speed) 
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"The value P(SpeeaVUDA) is the probability that speed was reported as a 
contributing factor given a specific UDA was also reported (calculated by 
dividing the number of cases where speed and the specific unsafe driving 
act were coded together by the total number of cases). P(UDA) is the 
overall probability of the specific UDA being reported as a contributing 
factor (calculated by dividing the number of cases where the specific 
unsafe driving act was reported by the number of cases). P(Speed) is the 
overall probability that speed was reported as a contributing factor 
(calculated by dividing the number of cases where speeding was reported 
by the number of cases). " 

(pp.21-22) 

A likelihood ratio was then developed. This ratio determines the probability of speeding 

being a factor if the UDA was not reported; the higher the ratio, the stronger the 

association relative to the lack of the specific UDA. It is calculated using the following 

formula: 

PjSpeed I UDA) * Pjn - Speed) 
P(n - Speed I UDA) * P(Speed) 

P(SpeeoVUDA) is calculated as before as is P(Speed). P(n-Speed) is the probability that 

speed was not recorded which is determined by subtracting cases where speed was 

recorded from all cases and dividing this sum by all cases. P(n-Speed/UDA) is the 

probability that speed was not recorded along with a particular UDA. It is calculated by 

the total number of cases where speeding and the particular UDA were receded from all 

cases and dividing by the total number of cases) (Streff et al., 1990). 

Using these probability formulae, it was determined that the two conditions related most 

strongly to speeding are inattention and alcohol or drag involvement These conditions 
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are more difficult for the police officer to observe, leading to the suggestion that reducing 

speeding is the most logical target for risk management. Streff et al. also state that police 

enforcement would be most effective when placed in locations where speeding and other 

UDAs conjoin to create hazardous conditions. They stress the tenuous relationship 

between speeding and other UDAs by denying speeding as a causal factor in itself. "It is 

highly unlikely that speed per se actually causes many other unsafe driving acts, however 

it is likely that speeding creates conditions favorable for other unsafe driving acts to 

occur" 1990, (p.39). 

It was also concluded that a particular "fast driver type" or "profile" could be determined. 

There appears to be a high correlation to previous speeding convictions, driving 

frequently (or professionally), a history of long trips, difficulty in obeying speed limits, 

and future speeding behaviour (Streff et al., 1990). 

3.4 OTHER RESEARCH 

The remaining research papers consist of surveys (Draskoszy and Mocsari, 1997; 

Nilsson, 1990), reviews (Oei, 1998; Martens, Comte, and Kaptein, 1997; Garber and 

Gadiraju, 1989), or, as in the case of Knowles et. al. (1997), both. Setting of speed limits, 

speed, management, traffic calming, and driver behaviour are the topics covered. 

In a review of European and American articles about speed enforcement, Oei (1998) 

agrees with Armour (1984) and others that a 'Halo' effect exists around enforcement 

locations. It is also concluded that speed enforcement should be directed at specific 
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locations that experience high probabilities of speeding and accidents. However, Oei 

disagrees with Streff et. al. (1990) that enforcement should be visible. Oei states that not 

only should speed enforcement be unobtrusive, but automatic. By automatic, it is said 

that plates should be photographed and registered and that the fine should be 

electronically withdrawn from the offender's bank account. 

Nilsson, surveyed drivers in Sweden about their attitudes toward speeding. The drivers 

were chosen after having their speed recorded by a radar device. Respondents were 

placed in one of three groups; Group I (up to 90 km/hr), Group IJ (90-100 km/hr), and 

Group in (over 100 km/hr). When asked: "Why not drive slower?" Group I ranked 

'dullness' 5 th out of 7 choices, whereas Group IJ ranked this response 2 n d and Group IJJ 

1st (Nilsson, 1990). This response has implications for risk management in that it could be 

interpreted that the drivers in Groups U and IJJ do not perceive the risk of driving faster 

as great, or conversely, the safety benefits of driving slower do not even outweigh the 

pleasure of driving faster. The risk of apprehension in Sweden is also low as Nilsson 

claimed: "For a normal driver in Sweden (average annual mileage and average speed 

behaviour) the probability of being detected for speed violation is on average once in 30 

- 40 years of driving" (p.47). 

Garber and Gadiraju (1989) examined the effect of speed variance on collisions. In an 

important paper Solomon (1964) had stated that deviation from the mean speed, or speed 

variance is the main factor in collisions. Thus, according to Solomon, low speed is just as 

hazardous as high speed. Garber and Gadiraju reiterated this point as follows: 
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"It was also determined that drivers tend to go at increasing speeds as 
roadway geometric characteristics improve, regardless of the posted 
speed limit, and that accident rates do not necessarily increase with 
increases in average speed, but do increase with increase in speed 
variance. " 

0) 
Based upon this assumption, they formulated the hypothesis that speed variance will 

decrease as posted speed limits come within range of design speed and that the safest 

range will occur if the speed limit is posted at S to 10 mph less than design speed. They 

also found that speed variance decreases in a non-linear (second-order function) with 

increases in average speed, tapering off eventually to a constant value (Garber and 

Gadiraju, 1989). 

Garber and Gadiraju did not have any success in attempting to correlate accident rates to 

average speeds on various highway designs. They claim that this counters the common 

argument that increases in average speed results in increases in collisions, based on the 

data used. Therefore, they maintained that, as posted speed limits vary greater than 10 

mph more or less than design speed (a surrogate for geometric design) accident rates will 

also rise. 

In surveying speed management practices across Europe Draskoczy and Moscari (1997) 

acknowledge that the main method of controlling speed is managed by police services by 

punishing speeding. They suggest that new speed management methods should reflect the 

reality of recorded speeds, in other words, the speeds that the population of drivers accept 

for different roads in varying conditions. Referring to Swedish and Norwegian data, they 
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state that average driving speeds have consistently increased over the years. Their 

conclusion is that speed management alone is not sufficient to maintain speeds at a 

prescribed level (Drakoczy and Moscari, 1997). 

In another report commissioned by the European Union, Martens, Comte, and Kaptein 

review the relationship between road design and speed behaviour. They also agree with 

Draskoczy and Moscari in that drivers do not automatically choose driving speeds as 

indicated by speed limit signs. Citing Brogt (1978, pp.4-5) this paper agrees with Garber 

and Gadiraju in that there is often poor correspondence between design speed and posted 

limits. Martens, Comte, and Kaptein make the argument that the road environment, or 

design, provides strong cues as to what is the appropriate speed and that this approach 

holds the greatest promise for influencing Orivers' choice of speed. As stated: 

"It is important that the road triggers the right expectations about which 
driving behaviour is appropriate and thus allows drivers to perform that 
driving behaviour more or less automatically. " 

(p.7) 

This concept is carried further in that all roads that post a particular speed limit should 

also have similar design characteristics so that the driver can intuitively gather 

information regarding appropriate speed without the need to resort to posted speed limits. 

This design concept is known as 'Self-Explaining Roads' (SER) (Martens, Comte, and 

Kaptein, 1997; Kaptein and Theeuwes, 1996; Theeuwes, 1994; Theeuwes and Godthelp, 

1992). 
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Knowles et al. (1997) surveyed those responsible for setting speed limits in a number of 

jurisdictions in Canada and reviewed literature form Europe, North America, and 

Australia. Results of the survey indicated that the single most important consideration for 

setting speed limits was the 85th percentile. However, there is some concern over this 

reply as it is difficult to ascertain a true 85th percentile. Under what conditions (traffic 

volume and light conditions, day or night) should this value be determined? Also, should 

only free-flowing vehicles be recorded or all traffic? 

After reviewing numerous papers that experimented with the raising and lowering of 

speed limits it was determined that there was no statistically significant change in 

frequency or severity of collisions. The only difference noted after raising the speed limit 

at most locations was a greater degree of compliance to the posted speed limit Thus, 

speed management techniques need to be developed that supplement posting of speed 

limits and enforcement of same. Knowles et al. (1990, pp.2-8), also argue for 

enforcement at locations that express hazardous conditions. 

"In the Norwegian study by Elvik, a statistically significant decline of 20% 
in the number of injury accidents was found This before and after study 
properly used the Bayesian approach to correct for possible regression to 
the mean and found that where enforcement was conducted at 'warranted' 
locations with high accidents and density, the decline in injury accidents 
was 26%. At other locations the decline was only 5%, suggesting that 
automatic speed enforcement is perhaps only effective at 'blackspots'. " 
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Speed variance studies such as Solomon's are cross-sectional and subject to certain 

limitations. Mainly, it is difficult to compare conditions at one site to those at another. 

There are too many other variables that cannot be accounted for. Other criticisms of 

Solomon's studies include small sample size and questionable sampling technique 

(Knowles et. al., 1997). Hauer (1971) logically reasoned that an increase in variance 

would lead to greater conflict amongst traffic. However, Fildes, Rumbold, and Leening, 

(1991) found no evidence in their research for accidents caused by slow drivers as they 

could not find any excessively slow drivers in their dataset. 

Previous work by the author (Arthur, 1996) uses the data reduction technique of factor 

analysis to determine which variables group together. The strongest factor contains 

variables that indicate locations, specifically intersections and interchanges. It was also 

determined that these sites also possessed higher collision frequencies and a greater 

degree of severity. 

Knowles et al. found some common errors in the speed study literature. The concept of 

deterrence is accepted by many at face value suggesting that merely increasing the 

activity of enforcement will decrease speeds and therefore reduce collisions. Research in 

traffic safety and in criminology refutes deterrence as being effective. Another problem is 

that many of these studies begin with the assumption that speeding causes collisions. 

There does appear to be consensus in the literature to support this assumption. 

Furthermore, many of these studies assume that the relationship between speeding or 

traffic volume and collisions is linear. Persuad (1993) found that on Ontario Highways 
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accident rates could be expected to increase as volume increases. The lack of a theoretical 

foundation undermines this research, as does the fact that most studies rely on simple bi-

variate relationships. Changes in average speeds due to interventions can be trivial as 

evidenced by many experiments. This leads many to conclude that: 

"A casual observer might be forgiven for believing that in no other field of 
applied scientific work are simple methodological rules ignored so widely 
as in road safety work Hypotheses are rarely clearly stated, data 
limitations are ignored, and very many - and not just politicians or the 
publicists - commit the fallacy of 'post hoc, ergo propter hoc'. " 

(Hearne, 1981) 

3.5 CONCLUSION 

A review of road safety research from an international perspective has been performed, 

revealing that many questions remain. It appears that after reviewing the literature one 

could be excused for feeling more confused then before. Contradictions are frequent and 

results are suspect. One common point of agreement is that enforcement can be effective 

in reducing collisions at hazardous locations although the nature of that enforcement is 

yet to be determined. The fact that a 'Halo' effect around enforcement has been detected 

and replicated in other studies is another point that holds promise. 

Complexity surrounds the issue of traffic safety and speeding. Many studies are 

reductionist in nature when they seek to establish a relationship between speeding and 

collisions without including other variables. Many multivariate tools are available to the 

researcher yet many do not use them. The categorical nature of the data is problematic, 
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but not insurmountable. Many techniques of categorical data analysis exist within 

standard statistical packages such as SPSS™. 

While the phenomenon of 'migration' has been alluded to, no one has yet to discover if it 

exists. This is due in part to studies neglecting the geographic nature of the data. Without 

a more comprehensive citywide focus, it is difficult to determine if such compensatory 

behaviour exists. Temporal conditions have been largely ignored as well with reference 

only to light conditions. Yet indications are that the majority of collisions are occurring at 

night. 

This dissertation will attempt to explore speed and collision data using categorical 

analytical tools. The hypothesis supporting this research is that if the relationship 

between speed and collisions is complex then only a multivariate technique will be able 

to establish the connections and to what extent the independent variables contribute to 

collisions. The results will then be used to facilitate the selection of hazardous locations. 

To enhance the selectivity of this process, temporality will be introduced. The hypothesis 

behind this research is that if hazardous locations are variable in nature, then that 

variation will exist in space and time. Lastly, using the spatial analytical technique of 

spatial autocorrelation, the data will be queried to determine if large-scale patterns exist 

in time and space. If this were to be so, then it is conceivable that greater meaning to the 

issue of speeding and col lisions would be achieved. This will lead to information that can 

inform the deployment of police enforcement resources from a risk management 
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perspective. Such a perspective will be aimed at reducing the severity of collisions, where 

the goal is not deterrence or punishment, but rather the management of collision risk. 

3.6 CHAPTER SUMMARY 

This chapter reviewed the empirical literature published on the subject of traffic safety. 

The survey began with a review of controlled experiment studies that mostly deal with 

testing various types of police intervention. As speeding is a focus of this dissertation, 

photo radar studies were also reviewed. This is followed by an overview of several 

studies that test the efficacy of feedback signs. These signs usually contain radar units so 

that they may inform drivers what speed they were currently traveling. The aim is to 

modify driving behaviour and cause drivers to reduce their speed. 

Cross-sectional and longimdinal studies were reviewed next. Longitudinal studies 

generally analyze traffic collision data over long periods of time in the attempt to relate 

change in the statistics to other changes in the driving environment. The most 

comprehensive of these studies involved the tracking of changes subsequent to the 

reduction of national highway speed limits in the U.S. These studies were expanded to 

examine changes from the repeal of the lower speed limit regulation. Cross-sectional 

analysis seeks to compare similar sites with one site acting as a control and the other 

being the experiment site. The experiments range from police intervention to sign 

placement and redesign. 
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Surveys represent the majority of the research reviewed in the last section. Many of these 

surveys were self-assessment surveys where drivers were asked to evaluate their own 

driving skills and habits. Some surveys also asked respondents to compare their skills to 

other groups of drivers. The result was that the majority of the drivers believed that then-

skills were better than most other drivers on the road. 
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4 Chapter 4 

EXPLORATORY DATA ANALYSIS 

4.1 INTRODUCTION 

Before proceeding with statistical analysis it was considered prudent to examine the raw 

data to determine its usefulness and quality. Proving the data, or data screening, ensured 

that inconsistencies in the original data were removed before they introduced error to the 

analysis (Tabachnick & Fidell, 2001). This process resulted in the reduction of data 

through the removal of variables that exhibit multicollinearity or singularity and by 

collapsing trivial groups within categorical data (Lloyd, 1999; Tabachnick & Fidell, 

2001). The refined dataset was now easier to work with. Composite variables, such as 

rates, were carefully examined against other variables to determine if there was a cross-

reference between the constituents of the composite variable and others in the set. Lastly, 

histograms, probability and scatter plots were used to determine the distributions of 

integer and ratio variables and to identify outliers. 

Having screened the data, procedures such as chi-square were used to explore the 

relationships between variables. Visualization techniques are available to the researcher 

that aid in uncovering patterns in the data, ranging from graphs to maps of particular 

variables. Mapping of the data by various parameters uncovered patterns that were not 

noticeable within the tabular data. This spatial data analysis was performed last. 
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Once the various screening and exploratory techniques were completed several 

hypotheses were generated for future investigation. These hypotheses were used to guide 

subsequent research. 

4.2 DATA 

The raw data used in this research were received from a variety of sources. The City of 

Calgary Police Service's Traffic Division provided the accident data. This data set 

contained all the information recorded in the Alberta ColUsion Report Form with the 

exception of personal information (Figures 4.1 and 4.2, Table 4.11). The personal 

information would include the individual's name and address as well as insurance 

information and Ucence numbers. These report forms are mandated by provincial law to 

be completed for every accident resulting in $1,000.00 of damage or greater. There is a 

wide variety of information contained in these forms, ranging from the particulars of the 

event to ambient weather, environmental, and road conditions. The data were supplied in 

electronic format and covered the years 1996 through the third quarter of 2000. The 

records were divided into three main groups: (1) Occurrence Records (information 

regarding the collision itself); (2) Object Records (information about the drivers and 

passengers, as well as other environmental data); and (3) Vehicle Records (specifics 

regarding the vehicle). 

The second set of data is that of the City of Calgary Roadnet file. This was an electronic 

base map of the City's road network complete with alleyways. The City of Calgary 
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Planriing Department provided this information. Two variables were hand coded into the 

base map; posted speed limits and average annual daily traffic flow. Maps provided by 

the City of Calgary Transportation Planning Department provided the source for these 

variables. 

The third set of data, which was the subject of the following chapter, contained 

recordings from twelve permanent traffic flow counting stations placed in various 

locations around the city. It consisted of traffic flow counts recorded in fifteen-minute 

intervals on a continuous basis. The City of Calgary Transportation Planning Department 

suppUed these data. 

4.3 DATA SCREENING 

The data was first examined to identify any inconsistencies or problems with the raw 

data. Concerns such as how to deal with missing data, outliers, singularity, and normality 

were addressed. As assumptions were part of statistical procedures to be performed with 

these data, it was imperative that these assumptions were not violated as this could 

invaUdate the results. It was intended to explore relationships using logistic regression, a 

procedure that has fewer assumptions than other techniques (Tabachnik & FideU, 2001). 

Thus the screening procedure will not need to be as rigorous as it would for other 

techniques. Furthermore, the majority of the data was categorical in nature eliminating 

the need for a number of screening processes. 
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4.3.1 SINGULARITY 

Singular variables are those that contain information derived by combining two or more 

other variables. This causes them to be redundant and they should be removed from the 

analysis. Furthermore, some categorical variables measure similar phenomena in 

different ways. For instance, weather and road conditions are extremely similar in that 

they both record information such as was it raining or snowing or clear at the time. These 

would be highly correlated thus expressing multicollinearity and can cause inflation in 

the size of error terms (Tabachnik & Fidell, 2001). The simplest way to deal with them 

was to identify them and remove one, or combine the two into a single variable. The 

following is a Ust of the problematic variables and the action taken. 

1. Environmental Conditions and Surface Conditions: Both these variables included 

weather related information. Environmental Conditions contained categories of Clear, 

Raining, Hail/Sleet, Fog/Smog/Smoke/Dust, High Wind, and Other. Surface Conditions 

contained the categories of Dry, Wet, Slush/Snow/Ice, Loose Surface Material, Muddy, 

and Other/Specify. There was a great amount of overlap between these categories and it 

was decided to remove the variable Environmental Condition from further analysis. The 

decision to remove Environmental Conditions rather than Surface Conditions was based 

on the fact that the weather could be clear, but the road surface could still be icy, or have 

snow on it. 
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2. Primary Event and Driver Action were two fields that also contained fields of similar 

information. Primary Events described the configuration of the collision, head on, rear 

end, etc., while Driver Action referred mainly to what the driver did such as a stop sign 

violation, an improper turn, etc. Driver Action was dropped for two reasons. The first 

being that of concerns over singularity, an improper lane change will be highly correlated 

with sideswipe or following too closely being correlated to rear end. Secondly, the 

collision data contained records for each vehicle and driver involved. This research 

focused upon the colusión as a single event and therefore required a choice to be made as 

to which record should represent multiple vehicle collisions. There was no theoretical 

foundation on which to make such a judgment. Furthermore, there was some doubt as to 

the validity of the data. Information regarding events precipitating the collision invariably 

was gathered from witnesses. Often the witnesses were participants in the collision thus 

having a stake in the type of information given. 

3. The two fields Total Injured and Total Fatahties carried very similar information to 

the category of Severity. Furthermore, due to their low representation in the dataset, 

breaking them down into smaller categories caused additional problems. The field 

Damage Greater Than 1000 was considered redundant and would cause problems of 

singularity. None of these fields were used in the subsequent analysis. 

4. This research focused on collisions occurring at intersections and interchanges as 

previous work (Arthur & Waters, 1997) has proven that these locations are both high in 

frequency and severity. Several categories related to the road configuration and would 
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not be required for analysis. As collisions were selected by proximity to intersections and 

interchanges, variables confirming this fact are not necessary. Road Classification from 

the collision report forms were used, and, as the categories of collector, major road and 

expressway also referred to the design, capacity, and speed limit of the road, they were 

used as a proxy for these variables. This removed the following categories: Special 

Facility, Road AUgnment A, Road AUgnment B, Road Class, and ColUsion Location. 

5. Light Condition B contained information as to whether or not artificial Ught was 

present. This would have had such a high degree of singularity with Light Conditions A 

(Day or Night) that it was removed. 

4.3.2 CATEGORY AND SAMPLE SIZE 

Logistic regression, a multivariate technique used in subsequent analysis, is a very robust 

technique that can exploit all levels of data (Agresti, 1984; Freeman, 1987; Fienb erg, 

1987; Lloyd, 1999). It has few assumptions, which eases the task of data screening. 

However, two difficulties can arise stemming from the size of the dataset. If too many 

categories are utilized, the results can be confusing and difficult to interpret. Thus it is 

best to decrease the amount of categories where possible. Second, if the number of 

categories are too large, the data counts can be spread too thinly causing some categories 

to have low frequencies and act as outliers. Histograms were used to examine the various 

groups to determine if some were too small and should have been removed, or if some 

categories should have been combined into larger ones. Each category will be explained 

below, as will its constituent parts. Decisions as to whether to keep or reject were made 
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and a summary table was constructed to display the remaining variables and their basic 

statistics. 

Occurrence ID is a unique identifier number that is particular to a collision. It did not 

contain any relevant information but was retained for use as a key for the database. The 

key serves the function of relating a number of tables in a larger database. 

Primary event was chosen over Driver Action to represent the type of collision. It has 

thirteen individual categories as can be seen in Table 4.1. 

Table 4.1: Frequency Table for Category - Primary Event 

Primary Event 
Frequency 3BrcentlVaIid Percent !Cumulative Percent 

Valid Stmck Object 52830 35.3 35.3 35.3 
Off Road Left 150 .1 .1 35.4 
Right Angle 18217 12.2 12.2 47.5 
!Passing Left Turn 321 .2 .2 47.7 
Left Turn Across Path 8908 5.S 5.9 53.7 
Sideswipe Opposite Direction 284 .2 .2 53.£ 
Other/Specify 10757 7.2 7.2 61.1 
Rear End 40214 26.8 26.8 87.S 
OffRoadRight 200 .1 .1 88.C 
Head On 214 .1 .1 88.2 
Passing Right Turn 164 .1 .1 88.3 
Sideswipe Same Direction 10165 6.8 6.8 95.1 
Backing 7358 4.S 4.( 100.C 
Total 14979C 100.C 100.C 

Vlissing System 37 .C 
Total 149812 100.C 

Seven categories were very small in relation to the other categories. Two options were 

possible, remove them entirely, or combine them into one category. It was decided to 

combine them into the Other/Specify category, increasing its total percent to 8.1. Future 
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research may dictate this decision to be revisited, as with any other categories so 

combined if they become significant in subsequent analysis. 

Missing variables were not a concern as they were very slight. This leaves a total of 

149,790 cases for analysis. Thus there was still a large and diverse dataset rernaining to 

work with. 

Start Date and Start Time record the time and date of the event and were retained for 

subsequent research that examined the temporal aspect of collisions. They were not used 

in the multivariate analysis. 

Report Date and Report Time record the time and date that the police were notified of the 

event. They were not required for this research and were removed. 

Severity Colusión was extremely important as reducing these numbers is the focus of this 

study, thus it was retained as a dependent variable for subsequent analysis. It was 

comprised of three categories, fatality, and injury and property damage only. 

Table 4.2: Frequency Table for Category - Severity  

Severity  
Frequency Percent Valid Percent Cumulative Percent 

Valid Fatal 161 .1 .1 .1 
Injury 17932 12.0 12.0 12.1 
3DO 131717 87.9 87.9 100.C 
Total 149811 100.0 100.0 

2 B I 1 .0 
Total I 149812 100.C 
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Missing variables are very low so will not pose any problem if removed. However, the 

two most important categories of 'fatality' and 'injury' are much smaller than 'property 

damage only' (PDO). This may introduce bias as 'fatalities' will act as an outlier. As they 

were important variables they were left as is. Combining fatalities and injuries into one 

variable, dropping PDOs, and just using fatalities and injuries, created sub-categories. 

Total number of vehicles involved in a collision ranged from 0, an error that was receded 

as missing, to 15. As Table 4.3 shows, frequencies of categories over 3 were extremely 

small. These can act as outliers in the analysis causing undue influence. To circumvent 

this, they were aggregated by receding them into a category labeled 3 or more. 

Table 4.3; Frequency Table for Category - Total Number of Vehicles 

Total Number of Vehicles 
!Frequency Percent Valid Percent Cumulative Percent 

Valid 1 19737 13.2 13.2 13.2 
2 120115 80.2 80.3 93.S 
3 9483 6.3 6.3 99.8 
4 198 .1 .1 100.C 
5 38 .C .C 100.C 
6 5 .C .C 100.0 
7 2 .C .C 100.C 
8 2 .C .C 100.C 
9 3; .C .C 100.C 

11 1 .C .C 100.C 
12 1 .C .C 100.C 
15 1 .C .C 100.C 

Total 149586 99.8 100.C 
0 22€ .2 

Total [ 149812 100.C 

The category Hit and Run had few missing variables and had sufficient frequencies in 

each of the two response categories as can be seen in Table 4. While it was not 

necessarily part of the focus of this study it might be of interest and was retained. 
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Table 4.4: Frequency Table for Category - Hit and Run 

Hit & Run 
Frequency Percent Valid Percent Cumulative Percent 

Valid Yes 30040 20.1 20.1 20.1 
Mo 119657 79.S 79.S 100.C 
Total 149697 99.Ê 100.C 

riissing System 115 .1 
Total 149812 100.C 

It bad already been decided to use the category Surface Conditions in Ueu of 

Environmental Condition. The former variable had several groups that were of low 

enough value that was considered best to remove them from future analysis. These 

groups were Loose Surface Material, Muddy, and Other/Specify. As they were different 

from each other in character and contained such few records, they were receded as 

missing variables. 

Table 4.5: Frequency Table for Category - Surface Condition 

Surface Conditions 
I Frequency Percent Valid Percent Cumulative Percent 

Valid Dry 8484C 56.6 64.8 64.fi 
Wet 12042 8.0 9.2 74.1 
Slush/Snow/Ice 33774 22.5 25.8 99.S 
Loose Surface Material 163 .1 .1 100.C 
fouddy 10 .C .0 100.C 
Fotal 130828 87.3 100.C 

B l 98 1136 .8 
99 17704 11.fi 
System 143 .1 
Total 18983 12.7 

Total 149812 100.C 

http://64.fi
http://11.fi
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Road Classification was recorded using different variables than the City of Calgary used. 

The City used variables such as collector, major road, and expressway, whereas the 

collision report form had four variables of undivided one-way, undivided two-way, 

divided with barrier, and divided no barrier. This category had a high degree of missing 

variables, slightly over 30% when the variable Other/Specify was receded as missing, but 

it was decided to allow it to remain. 

Table 4.6: Frequency Table for Category - Road Classification 

Road Classification 
-requency Percent Valid Percent CumuIativePercent 

Valid jndivkJed one-way 1973S 13.2 18.9 18.£ 
jndivided two-way 58114 38.8 55.7 74.6 
divided with barrier 2212C 14.8 21.2 95.6 
divided no barrier 4435 3.0 4.2 100.C 
Total 104406 69.7 100.C 

vlissing D 1686S 11.3 
8 7856 5.2 
9 20622 13.6 
System 55 .C 
Total 45404 30.3 

Total 149812 100.C 

The category of Object Type broke down the different types of vehicles into separate 

groups. Table 4.7 shows that there were many trivial groups within this category. These 

groups begin at Truck Tractor and continued down the table. As this category was 

dominated by passenger vehicles, it was decided to remove it from further analysis. This 

reduced the number of categories required for logistic regression, thus keeping it as a 

viable procedure. 

Contributing Road Condition had a number of problems; high missing values, most of the 

data in the group 'No Unusual Condition' which offers Uttle to the analysis, and the 
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Table 4.7: Frequency Table for Category - Object Type 

ObjectT /pe 
Frequency Percent Valid Percent Cumulative Percent 

Valid 'assenger Car 78911 52.7 59.5 59.5 
'fck-Up/Van <4500kg 33774 22.5 25.5 85.0 
Wni-Van/MPV 10099 6.7 7.6 92.6 
Truck >4500kg 5517 3.7 4.2 96.8 
Truck tractor 1600 1.1 1.2 98.C 
Motorcycle/Scooter 360 .2 .2 98.2 
Pedestrian 346 .2 .3 98.5 
Bicycle 430 .3 .3 98.9 
SchooIBus 297 .2 .2 99.1 
Transit Bus 343 .2 .3 99.4 
ntercity Bus 36 .0 .C 99.4 
OtherBus 161 .1 .1 99.5 
Fixed Object 1 .C .C 99.5 
Train 1 .C .C 99.5 
Motorhome 178 .1 .1 99.6 
Construction Equipment 146 .1 .1 99.8 
Emergency Vehicle 298 .2 .2 100.C 
Farm Equipment 7 .C .C 100.( 
Off-Highway Vehicle 18 .0 .0 100.( 
Motorized Snow Vehicle 6 .C .C 100.( 
Moped 2 .C .C 100.( 
Total 132531 88.5 100.C 

Vlissing O 751 .5 
98 677 .5 
99 15852 io.e 
Total 17281 11.5 

Total 149812 100.C 

remaining data were distributed thinly amongst the other groups. The group SUppery 

When Wet will have problems of singularity with groups in the category of Surface 

Conditions, leaving only the group of Holes/Ruts/Bumps as the only significant 

information in this category. This category was deemed unfit for inclusion and was 

removed. 
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Light Conditions was retained as it was well distributed and included the important 

day/night dichotomy. The sub-group 'Sunglare' was much too small for use and was 

included in the daylight grouping. 

Table 4.8: Frequency Table for Category - Contribnting Road Conditions 

Contributing Road Conditions 
Frequency !Percent |Valid Percent !Cumulative Percent 

Valid No Unusual Condition 113313 75.6 86.8! 86.8 
Under Construction/Maint. 832 .6 87.4 
Hole/Ruts/Bumps 8356 5.6 6.4 93.fi 
Slippery When Wet 8022 5.4 6.1 100.C 
Oily Pavement 19 .0 .0 100.C 
Soft/Sharp Shoulder 36 .0 .0 100.C 
Total 130578 87.2 100.0 

1001 .7 
98 3283 2.2 
99 1495C 10.C 
Total 19234 12.fi 

Total 149812 100.0 

Table 4.9: Frequency Table for Category - Light Conditions 

Light Conditions 
Frequency Percent Valid Percent Cumulative Percent 

Valid Daylight 101842 68.C 72.7 72.7 
Sunglare 986 .7 .7 73.4 
Darkness 37260 24.S 26.6 100.C 
Total 140088 93.5 100.C 

Vlissing 0 626 .4 
99 9098 6.1 
Total 9724 6.E 

Total 149812 100.C 

Unsafe Speed was an important category as it can be used as a dependent variable or 

independent variable. As speeding is at the center of this research it is also of importance 

in interpretation of the analysis. However, it suffered from having a large quantity of 

http://93.fi
http://12.fi
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missing variables. Even with almost half of the data missing, there was still a large 

amount left, 81,456. 

Table 4.10; Frequency Table for Category - Unsafe Speed 

Unsafe Speed 
:requency 'ercent Valid Percent Cumulative Percent 

Valid Yes 13235 8.8 16.2 16.2 
No 68221 45.5 83.6 100.C 
Total 8145Í 54.4 100.C 

Vlissing 0 139( .£ 
99 6696C 44.7 
Total 68356 45.6 

Total 149812 100.C 

4.3.3 MISSING VARIABLES 

Many other categories have been excluded, most due to the fact that the amount of 

missing variables were unacceptably high. These included categories pertaining to types 

of load being carried. These, of course, only applied to trucks and trailers, which 

represented a small number of vehicles in the data. The fact that they did have high 

amounts of missing data along with the fact that they did not contain information 

germane to this study had targeted them for removal. Some categories pertained to 

individual driver or passenger circumstances (position in vehicle or use of restraints) that 

also were not relevant to this study and were removed. 

The remaining categories were Primary Event (modified), Severity of Collision, Total 

Number of Vehicles (modified), Hit and Run, Surface Conditions (modified), Road 

Class, Object Type (modified), Light Conditions A (modified), and Unsafe Speed. 
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Until these categories are combined in future analysis, the cumulative effect of the 

missing variables remains unknown. As some are relatively high, this may have adverse 

effects. Using the rule of thumb of five times the product of the variables as a minimum 

for sample size, the minimum sample size if all the categories are used would be 138,240. 

Ifthe category of Object Type was removed, then the minimum sample size is reduced to 

34,560. As there appeared to be less explanatory power to this category, it was removed. 

Next, bivariate relationships amongst the categories will be examined for independence. 

Table 4.11; Summary of Categorical Variables 

Category No. of Variables Valid Missing Type 
Primary Event 8 149,775 37 Nominal 
Severity 3 149,811 1 Ordinal 
Total Vehicles 3 149,586 226 Ordinal 
Hit & Run 2 149,697 115 Nominal 
Surface Conditions 3 130,656 19,156 Nominal 
Road Classification 4 104,408 45,404 Ordinal 
Light Conditions A 2 140,088 9,724 Nominal 
Unsafe Speed 2 81,466 68,361 Nominal 

4.3.4 CROSS-TABULATION ANALYSIS 

As the data was aggregated into categories and was either of nominal or ordinal level, the 

best way to have explored relationships between categories was by arranging the data 

into cross-tabulation tables and calculating the chi-square statistic. The null hypothesis of 

the chi-square test was that the two variables are independent of each other or that 

knowing the value of one does not predict the value of the other variable. Chi-square can 

be sensitive to large sample sizes which inflate the chi-square statistic without changing 

the degrees of freedom, thus giving values leading to the rejection of the null hypothesis. 
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Several other statistics have been formulated to quantify the strength of association as an 

aid for interpretation. As Cramer's V corrects for larger tables it was chosen for this 

analysis. Other formulae are based upon the principal of proportional reduction of error 

(PRE). They explain the percentage reduced in error of predicting the value of one 

variable by the other. As this was symmetric in nature, two statistics were given. The first 

statistic with one variable being dependent, then the other statistic with the other variable 

dependent (SPSS Inc., 1994). 

Table 4.12 lists the results for every bivariate relationship possible within this dataset. 

Two additional hybrid variables were created from the category Severity and added. The 

first was named Fatality/Injury or PDO and had fatalities and injuries grouped together; 

the other had fatalities and injuries without PDOs. Thus, they were both binary categories 

of ordinal nature. 

This analysis resulted in forty-two relationships of which all but three indicated the 

rejection of the null hypothesis of bivariate independence. The strength of relationship, as 

indicated by Cramer's V, has been arbitrarily ranked as either weak, medium or strong. 

Weak relationships had values of .09 or less, medium ranges from .10 to .19, and strong 

was anything higher than .20. This scale was entirely relative to the dataset and was used 

as a diagnostic device only. Cramer's V ranges from 0 (no relationship) to 1 (perfect 

relationship). 
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Table 4.12; Cross Tabulation Results 

Variable 1 Variable 2 ChiSquare df Sig. Cramer's V Sig. Percent 0 Cells 
Primary Event Severity 4264.132 24 .000 .119 .000 15.4 

Total Vehicles 37564.32 24 .000 .354 .000 0 
Hit & Run 26379.590 12 .000 .420 .000 0 
Surface Conditions 2850.392 48 .000 .074 .000 29.2 
Road Classification 9542.975 36 .000 .175 .000 0 
Light Conditions 2954.560 12 .000 .145 .000 0 
Unsafe Speed 1534.958 12 .000 .137 .000 0 
Fatal/Injury or PDO 4066.519 12 .000 .165 .000 0 
Fatal or Injury 195.274 12 .000 .164 .000 30.8 

Severity Total Vehicles 3169.488 4 .000 .103 .000 0 
Hit & Run 2058.656 2 .000 .117 .000 0 
Surface Conditions 1010.524 8 .000 .062 .000 20 
Road Classification 1139.662 6 .000 .074 .000 0 
Light Conditions 33.832 2 .000 .045 .000 0 
Unsafe Speed 164.392 2 .000 .045 .000 0 

Total Vehicles Hit & Run 1615.756 2 .000 .104 .000 0 
Surface Conditions 874.564 8 .000 .058 .000 13.3 
Road Classification 1610.331 6 .000 .088 .000 0 
Light Conditions 1920.748 2 .000 .117 .000 0 
Unsafe Speed 981.854 2 .000 .110 .000 0 
Fatal/Injury or PDO 3012.760 2 .000 .142 .000 0 
Fatal or Injury 112.103 2 .000 .079 .000 0 

Hit & Run Surface Conditions 291.834 4 .000 .047 .000 10 
Road Classification 2015.024 3 .000 .139 .000 0 
Light Conditions 1694.045 1 .000 .110 .000 0 
Unsafe Speed 497.868 1 .000 .078 .000 0 
FataiyinjuryorPDO 2057.714 1 .000 .117 .000 0 
FatalorInjury 2.208 I .137 .011 .127 0 

Surface Conditions Road Classification 686.968 12 .000 .048 .000 20 
Light Conditions 1836.009 4 .000 .120 .000 10 
Unsafe Speed 1404.978 4 .000 .136 .000 0 
Fatal/Injury or PDO 1004.331 4 .000 .088 .000 10 
Fatal or Injury 7.256 3 .064 .021 .064 12.5 

Road Classification Light Conditions 17.082 3 .001 .013 .001 0 
Unsafe Speed 18.173 3 .000 .017 .000 0 
Fatal/Injury or PDO 1133.868 3 .000 .104 .000 0 
FatalorInjury 4.832 3 .185 .018 .7*5 0 

Light Conditions UnsafeSpeed 1212.250 1 .000 .123 .000 0 
Fatal/Injury or PDO .085 1 .771 .001 .771 0 
Fatal or Injury 33.821 1 .000 .044 .000 0 

Unsafe Speed Fatal/Injury or PDO 135.310 1 .000 .041 .000 0 
Fatal or Injury 24.644 1 .000 .048 .000 0 



119 

4.3.4.1 Chi Square 

The most interesting result of this analysis was that all but three relationships rejected the 

null hypothesis with a high degree (greater than 98%) of significance. As would be 

expected, all these variables added to our knowledge of the colusión to some extent or 

another. This, of course means that they were good candidates for future analysis 

providing that the association between any pair was not so strong as to cause problems of 

singularity or collinearity. 

The association between hit and run and fatality or injury was the one relationship where 

chi-square indicated a strong acceptance of the null hypothesis. This rejection of 

association between the two binary variables indicates that knowledge of one did not 

offer any help in determining the value of the other. Thus hit and runs were just as likely 

to result in injuries as they were in fatalities. The relationship between road class and 

fatality or injury also appeared to be random. This was interesting as the road class 

influenced the speed limit and traffic flow which were thought to be major 

considerations, the higher speeds resulting in more severe collisions. It was possible that 

the reduced quantities involved may be influential in accepting the null hypothesis. Light 

conditions and fatahty/injury or PDO appeared not to be related. This also was of interest 

as it was considered that evenings were more dangerous. 

4.3.4.2 Cramer's V 

Cramer's V measured the strength of the relationship between the two variables in 

question with O indicating no correlation and 1 meaning perfect correlation. This added 
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more information to the interpretive process aiding in quantifying the relationship 

uncovered by chi-square testing. Each variable relationship is now discussed in turn. 

Primary Event had a strong (.354) association with Total number of vehicles. This 

seemed to indicate that particular types of collisions typically involved one, two, or 

multiple vehicles. Most accidents where the vehicle left the road were single vehicle 

collisions as were Stmck Object collisions, whereas many rear-end collisions involved 

multiple vehicles. The high relationship with Hit & Run (.420) was more difficult to 

interpret without delving deeper into the data. A moderate value (.175) existed with Road 

Class that perhaps was explained by the configuration of different classes of roads 

especially with regards to being divided or not, which would reduce certain 

configurations of collisions (e.g., head-on). Unsafe Speed had a moderate association 

(.137), as did Light Conditions (.145), indicating that these conditions might also prevail 

in certain collisions more than others. The association with Fatality/Injury or PDO was 

moderate also (.165) and may improve in significance when combined with some of the 

other variables. The relationship with severity was reasonably weak (.119) and with 

surface conditions (.024) was extremely weak. 

Severity had only two associations above .1, with Hit & Run (.117) and Total Number of 

Vehicles (.103). This showed that no one variable was adequate for predicting collision 

events. Multivariate analysis should aid in deciding whether or not other variables work 

together with speed to bring about the right conditions for a collision to occur. 
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The high association between Total Number of Vehicles and Primary Event had already 

been discussed. The other Cramer's V values higher than .1 were with Hit & Run (.104), 

Light Conditions (.117), Unsafe Speed (.110), and Fatahty/Injury or PDO (.142). It was 

difficult to speculate at this time what the significance of these relationships were as the 

relationships were still relatively weak. Perhaps with the inclusion of more variables the 

relationship would become clearer. 

Hit and Run was an interesting variable that was difficult to interpret and was not directly 

associated with the purpose of this paper. However, it did show significant results with a 

number of important variables and as such remained in the study. It was highly associated 

with Primary Event as mentioned. It was also moderately associated with Total Number 

of Vehicles, Road Class, and Light Conditions and Fatahty/Injury or PDO. If these 

occurred more frequently during night-time it would be possible to assume that more was 

at stake such as driving with a high blood alcohol content. If the driver at fault was 

impaired, carrying drugs, or wanted for other crimes there would be a high motivation for 

the individual to flee the scene so as to avoid interaction with the police. 

Surface Conditions had only two moderately significant values between Light Conditions 

and Speed. In a cold, northerly climate one can assume that surface conditions would 

generally degrade during the evening when temperatures drop and water froze. The 

association with Unsafe Speed may be the result of the ambiguous interpretation of 

speeding as driving too fast for road conditions. 
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Road Class bad no other relationships of note with other variables. There was a mild 

value of. 104 with Fatality/Injury or PDO, but it certainly was not strong enough to merit 

much consideration at this point. 

Light Conditions bore a moderate association with the category of Unsafe Speed. 

Furthermore, speeding during the evening was under predicted by this model as the 

residuals indicated. This could be interpreted as indicative of a higher frequency of 

speeding occurring in the evening. 

Unsafe Speed's moderate association with four other categories (Primary Event, Total 

Number of Vehicles, Surface Conditions, and Light Conditions) also indicated its 

usefulness as a dependent and independent variable. 

Fatahty/Injury or PDO appeared to be a good candidate for the dependent variable as it 

had reasonably moderate relationships with four other categories. Fatal or Injury did look 

like it might exist at one end of the severity continuum. Future research might be able to 

quantify this concept. 

4.3.4.3 Proportional Reduction in Error (PRE) 

Some measures determine how much error can be reduced when one variable in a 

cross tabulation is deemed dependent and the other independent. These directional 

measures aid in interpreting the chi-square analysis. Lambda is one such measure 

(Agresti, 1984; Freeman, 1987; Fienberg, 1987; Lloyd, 1999). It was applied to all the 
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relationships and only in one case was it able to show any significant reduction in error 

(10%), that being when Primary Event was the dependent variable and road classification 

the independent. This result could be interpreted as indicating the importance that road 

design plays in influencing traffic interactions. 

4.3.4.4 Risk Analysis 

Risk analysis allows one to predict the relative odds of an outcome occurring as the result 

of some variable. It can be seen as another form of a test of strength of relationship. As 

such, it is available between binary variables as a two-by-two table (Agresti, 1984; 

Freeman, 1987; Fienberg, 1987; Lloyd, 1999). SPSS™ divides the incidence in the first 

row by the incidence in the second row and returns values for each column (SPSS Inc. 

1994). Three variables can be used to determine the risk of either a Fatal or Severe 

accident or one resulting in Fatahty/Injury or PDO. These variables were Unsafe Speed 

(Yes/No), Light Conditions (Day/Night), and Hit & Run (Yes/No). The tables were 

presented along with a brief statement of interpretation. 

Table 4.13: Risk Estimate for Hit & Run bv Fatalitv/Iniurv or PDO 

Risk Estimate 
Value 95% Confidence 

Interval 
Lower Upper 

Odds Ratio for Hit & Run (Yes I No) .2871 .271 .303 
For cohort Fatality/Injury or PDO = Fatality 
or Injury 

.318 .301 .336 

For cohort Fatality/Injury or PDO = PDO 1.111 1.107 1.115 
M of Valid Cases 149697 
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The above table indicated that the odds of a collision resulting in a fatality or injury being 

a Hit and Run was lower (.318) than if the collision were a PDO (1.111). The overall 

odds of a collision resulting in a fatality or injury was only .287 times as likely as the 

outcome of a PDO. 

Table 4.14: Risk Estimate for Hit & Run by Fatality or Ininrv 

Risk Estimate 
Value 195% Confidence 

!Interval 
Lower Upper 

Odds Ratio for Hit & Run (Yes I No) .567 .265 1.211 
For cohort Fatal or Injury = Fatal .569 .267 1.211 
For cohort Fatal or Injury = Injury 1.004 1.00C 1.008 
N of Valid Cases 18083 I I 

Hit and Run exhibited similar relationship characteristics between FataUty or Injury as it 

did with the previous category of FataUty/ Injury or PDO. Although, if the colusión were 

to have the outcome of Fatality or Injury the odds of a Hit and Run resulting in a fatal 

collision is sUghtly over half (.567) that of injury. 

Table 4.15: Risk Estimate for Hit & Run bv Light Conditions 

Risk Estimate 
v'alue (95% Confidence Interval 

Lower Upper 
Odds Ratio for Hit & Run (Yes / No) .545 .529| .561 
For cohort Light Conditions = 
Daylight 

.831 .823 .84C 

For cohort Light Conditions = 
Darkness 

1.525 1.496 1.554 

IN of Valid Cases 139985 
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The above table was interpreted as stating that collisions had a lesser likelihood (.831) of 

being a Hit and Run during the day. ColUsions occurring at night have a higher (1.525) 

odds of being a Hit and Run. 

Table 4.16: Risk Estimate for Hit & Ran bv Unsafe Speed 

Risk Estimate 
Value |95% Confidence Interval 

Lower Upper 
Odds Ratio for Hit & Run (Yes I No) 1.788 1.698 1.882 
For cohort Unsafe Speed = Yes 1.596 1.534 1.661 
For cohort Unsafe Speed = No .893 .882 .904 
NofVaIid Cases 81399 

Hit and Runs appeared to occur more often if the driver was engaged in speeding than if 

not. This is what would be predicted by the 'General Theory of Crime' in that if an 

individual engaged in one illegal act then that person was as Ukely to commit other illegal 

acts. There were almost twice the odds (1.788) that a driver speeding was involved in a 

Hit and Run than if the individual were not speeding. The confidence interval indicated 

that we could reject the null hypothesis of similarity. 

Table 4.17: Risk Estimate for Unsafe Speed bv Fatalirv/lniurv or PDO 

Risk Estimate 
Value 95% Confidence Interval 

Lower Upper 
Odds Ratio for Unsafe Speed (Yes I No) 1.335 1.287 1.426 
For cohort Fatality/Injury or PDO = 
Fatality or Injury 

1.297 1.242 1.354 

For cohort Fatality/Injury or PDO = PDO .957 .949 .965 
IN of Valid Cases 81456 
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Here again there arose an ambiguous connection between speeding and collision 

occurrence. While the risk was indeed higher between those engaged in driving at unsafe 

speeds and involvement in severe collisions, there was only a slightly higher likelihood, 

1.335 times, for Fatal or Injury producing collisions to be the result of speeding than 

PDOs. However, Table 4.18 below indicated that between the two, Unsafe Speed and 

Safe Speed, there was a reasonably higher, over two and a half times likelihood (2.704), 

that a fatal colusión would result from speeding rather an injury accident. As our dataset 

only included collisions, these results supported the deterministic relationship between 

speed and energy. 

Table 4.18: Risk Estimate for Unsafe Speed bv Fatality or Ininrv 

Risk Estimate 
Value 95% Confidence Interval 

Lower Upper 
Odds Ratio for Unsafe Speed (Yes I No) 2.704 1.797 4.06S 
For cohort Fatal or Injury = Fatal 2.673 1.786 4.000 
For cohort Fatal or Injury = Injury .989 .983 .995 
N of Valid Cases 10777 

It also appeared that people were much more likely (1.6:1) to speed during the nighttime 

than they were during the day (Table 4.19). This continued to indicate a particular type of 

purpose for the journey being more socially orientated than work related. While it was 

not possible to make the claim that alcohol or other forms of impairment were involved, 

it is safe to assume that the possibility was also higher during the night-time. 
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Table 4.19; Risk Estimate for Unsafe Speed bv Light Conditions 

Risk Estimate 
Value |95% Confidence Interval 

Lower Upper 
Odds Ratio for Unsafe Speed (Yes I No .497 .477 .517 
For cohort Light Conditions = Daylight .815 .804 .826 
For cohort Light Conditions = Darkness 1.64C 1.597 1.684 
N of Valid Cases 80572J 

Table 4.20: Risk Estimate for Light Condition bv Fatalitv/Iniurv or PDO 

Risk Estimate 
Value 95% Confidence Interval 

Lower Upper 
Odds Ratio for Light Conditions 
(Daylight I Darkness) 

1.005 .970 1.042 

For cohort Fatality/Injury or PDO = 
Fatality or Injury 

1.005 .974 1.037 

For cohort Fatality/Injury or PDO = 
PDO 

.999 .995 1.004 

N of Valid Cases 140101 

Table 4.21: Risk Estimate for Light Conditions bv Fatality of Iniurv 

Risk Estimate 
Value 35% Confidence Interval 

Lower Upper 
Odds Ratio for Light Conditions 
(Daylight I Darkness) 

.40d .296 .555 

For cohort Fatal or Injury = Fatal .40S .300 .55S 
For cohort Fatal or Injury = Injury 1.010 1.006 1.013 
N of Valid Cases 17603 

While Table 4.20 indicates that fatal or injury accidents are more likely to occur during 

nighttime than daytime, the difference is very slight, almost even odds. Also, when 

comparing the incidence of fatalities or injuries alone by day or night, we cannot reject 
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the null hypothesis that the two ratios are similar and must assume that they are in fact 

similar. However, Table 4.21 clearly points to fatal collisions having much lower odds 

(.406) of occurring during the day than injury accidents. 

4.4 EXPLORATORY SPATIAL DATA ANALYSIS 

While exploratory spatial data analysis can take many forms, all that was performed here 

was a visual examination of variables by mapping them. The first map, Figure 4.3, 

showed all fatal collisions for the time of the study. Visual analysis revealed two 

characteristics, the first one was the apparent random nature of these events with a 

slightly higher concentration in the downtown core, and the second attribute was that 

most of the fatal collisions occurred at intersections. 

Figures 4.4 through 4.8 map speed related collisions resulting in fatalities or injuries for 

each year of the study. These collisions appeared to have the same characteristics as 

found in Figure 4.3. This similarity would lead one to believe the hypothesis that 

fatalities are further along the same continuum as injuries and that they bear many 

commonalities. It was possible to see a number of roads that have higher frequencies of 

collisions year-after-year. Were these roads to have similar characteristics as to design, 

flow, and accompanying land-use, it might be possible to develop a set of contributing 

variables. 



Figure 4.3: Fatal Collisions 



Figure 4.4; Speed Related Collisions Resulting in Fatalities or Injuries - 1996 
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Figure 4.5: Speed Related Collisions Resulting in Fatalities or Injuries -1997 
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Figure 4.6: Speed Related Collisions Resulting in Fatalities or Injuries - 1998 
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Figure 4.5: Speed Related Collisions Resulting in Fatalities or Injuries - 1999 
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Figure 4.6: Speed Related Collisions Resulting in Fatalities or Injuries - 2000 
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Figure 4.7 through 4.16 showed speed related fatal and injury collisions separated by 

those occurring during the day and those occurring at night. The pattern resembled that of 

the other maps with the notable exception that there appeared to be a lower concentration 

of collisions within the central core during the night. Also, there were, on average, 

approximately 38% of the collisions occurring during the nighttime. One would expect 

the total traffic occurring during the daylight hours would be greater than 62%. This 

relationship required further scrutiny. If there was a difference between percentages of 

collisions happening at night as compared to the amount of average traffic flow over the 

same time frame, then the collision rate should increase, perhaps dramatically, during the 

night. It appeared that there might be a certain amount of "clumping" in the data. That is, 

instead of a uniform or random distribution of collisions across the field there may exist 

pockets of higher densities. The technique of spatial autocorrelation would determine if 

this was in fact the case. 

4.5 HYPOTHESIS GENERATION 

Having reviewed much of the information pertaining to speeding and collisions and 

performing an overview of the data collected, it was now possible to ask some questions 

that would define the scope of the project. While there were many questions, all of equal 

validity and interest, this dissertation would restrict itself to those that seek to examine 

the relationship of speeding and collisions. Furthermore, the data itself imposed 

restrictions as to the methods appropriate for analyzing the dataset. 
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These questions attempted to uncover the complexity of the phenomena as they sought to 

expose the extent that numerous variables combined to create situations of higher 

exposure to risk. These hypotheses will be posed so as to go from the general to the 

specific. They were organized around spatial and temporal domains. These questions 

were listed below in order: 

1 ). What variables combine with speed to create higher degrees of risk? 

2) . Is it possible to quantify the extent of each variable's participation? 

3) . If a certain combination of variables combine to create increased risk, is there a 

spatial component? 

4) . If a certain combination of variables combine to create increased risk, is there a 

temporal component? 

5) . Is there a day/night dichotomy? 

6) . Do the spatial and temporal characteristics vary coincidentally or independently? 

7) . Could a type of driver, or journey, be implicated from these findings? 

8) . Is there an effective way to manage speed that will reduce collisions? 

Many of these questions were of similar enough nature that it would be possible to 

address them using the same statistical procedures. Question seven and eight would enter 

the realm of informed speculation, as it would not be possible to test their assumptions. 

However, as with all good research, they would point the way for future study. Lastly, the 

project would be reviewed as to validity. In other words, given the data and the 

techniques applied, does such an analysis provide reliable results? 
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4.6 CONCLUSION 

This chapter has methodically analyzed and prepared the original data for further use. It 

has progressed from reviewing the variables and determining their usefulness to insuring 

that there were no inherent biases or inconsistencies within the dataset The 

appropriateness of variables has been explored leading to the removal of some and the 

presentation of some cautions for others. Bivariate analysis sought to determine if any 

two variables co-vary to any high degree as this also could introduce problems later on. 

This technique was also useful in understanding the nature of relationships between the 

variables, which aided in hypothesis generation. Risk analysis was also applied to the 

data which began giving some insights as to how some variables increased the risk of 

collisions, specifically those resulting in injury or fatality. 

Visual analysis of portions of the data through mapping also provided insights. 

Knowledge gained from this procedure led to the posing of more questions about the 

relationships that might exist within the dataset. 

This work was brought to a conclusion by the generation of hypotheses, a series of 

statements that the research will attempt to prove or disprove. These questions set the 

agenda for the balance of the research and provided the focus for this paper. The last 

piece of data, that of traffic flow, which defined the temporal dimension, will be 

examined next, and prepared for inclusion into the study. 
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4.7 CHAPTER SUMMARY 

This chapter began by introducing the data as they were collected and described how they 

were organized for subsequent analysis. The nature of the variables was discussed and 

those deemed unfit for use were removed. Certain criteria were kept in mind with an eye 

toward future categorical multivariate procedures. Each variable was quantified for 

summary analysis using simple bivariate relationships. This was followed by risk analysis 

as it used similar procedures and aided in uncovering the strength of certain relationships. 

A select set of data was presented in maps for visual analysis. Lastly, hypotheses were 

created to set the agenda for subsequent research. 
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5 Chapter 5 

TIME SERIES ANALYSIS:  

Reconstructing Traffic Flow Data 

5.1 INTRODUCTION 

As concluded in the previous chapter, there is a spatial expression to traffic collisions that 

is unevenly distributed across the study area. While this is beneficial in determining the 

location of hazardous sites, it may not present a complete description of the distribution 

of the phenomenon. This argument recognises the fact that the previous work is based 

upon highly aggregated data, usually reliant upon averaged yearly totals (Cleveland, 

1976). Thus the results imply that hazardous locations remain so for the duration of the 

study, and by extension, will continue to express high risk until remedial action is 

effected. However, common sense based on empirical observation tells us that traffic 

flow, one of the most important variables in determining hazardous locations, is uneven 

over time. The ebb and flow of daily and weekly traffic volume is known to the common 

driver and the researcher alike, particularly the congested times of peak flows known as 

'rush hours' (Oppenlander, 1976). Taking this argument to its logical conclusion, it is 

possible to suggest that hazardous locations not only are unevenly distributed in space, 

but also are unevenly distributed in time as accidents are influenced by the variability of 

traffic flow over time. Thus locations identified as hazardous may very well have 

moments when they do not express high rates of risk, and furthermore, those indicated 
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previously as being relatively safe, or having low risk and therefore overlooked for any 

remedial action, may, in fact, have time periods of high risk. 

This chapter is concerned with creating a methodology that will allow the researcher to 

view any location in the study area at a finer temporal scale than one year. One-hour 

intervals would provide a fine enough resolution to capture the diurnal cycle while 

remaining coarse enough to capture an adequate amount of data for analysis. However, 

the data will have to be aggregated over a one week time period, in essence, creating a 

composite week. This would be an average weekly period with average hourly traffic 

flows based on the data collected over the three year study period (1993, '94 and '95). 

This aggregation is necessary due to the rarity of collision events and will allow the 

assignment of collisions occurring in one particular hour of the week over three years to 

an average hour of traffic flow. As it is impractical to collect time flow data from every 

intersection in a large city this represents an improvement over the yearly aggregates 

used in previous studies. 

5.2 BACKGROUND 

Series data take the form of discrete measurements of a particular variable over a domain 

such as, but not limited to, time. Where time is the domain, the variable is considered a 

function of time and is depicted as follows: 

Yt, Yj+i, Yt + 2» , Y t + n 

Where Y is the variable in question and t denotes the time period (Harvey, 1981). Similar 

to normal statistics and the inferences made between samples and population, time series 
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analysis attempts to make inferences from realizations, a particular time series, to the 

process that creates it (Gottman, 1981). Time series data may be used for a variety of 

purposes: définition, forecasting and interrupted time series experiments. From the 

description or modelling of a time series it is possible to utilise the models in such a 

fashion as to predict future values of the variable. As future values are based on the past 

memory inherent in the data, it is advisable not to predict too far into the future (Nelson, 

1973). This chapter will not be concerned with forecasting or interrupted time series 

experiments as its focus is on the reconstruction of fragmented time series data. 

The data were supplied by the City of Calgary Transportation Planning Department and 

represent traffic flow recorded at eleven separate recording stations. Each station is a 

permanently installed inductive loop counter that registers every vehicle passing over it, 

collecting the data in fifteen minute time bins. For purposes of this research, the fifteen-

minute intervals were agglomerated into one-hour time segments. This reduced each one-

year time series to a smaller size, although they still contained 8,720 observations. At 

each location there are two groups of sensors that record the traffic flow from the two 

opposing directions, normally designated as either east-west or north-south. Therefore, 

twenty-two time series were produced. Unfortunately, the inductive loops are subject to 

failure as a result of frost damage and wear. This failure appears as gaps in the data due 

to the time lags before repairs can be made. Some of the locations were missing large 

portions of data thus rendering them useless. Any location that suffered greater than 

approximately twenty percent loss of information was considered to be damaged beyond 

reconstruction and was removed from any further analysis. Of the eight remaining 



locations, only two were complete for each of the three years of the study. The locations 

of all eight stations are indicated in Figure 5.1 and further data is supplied in Tables 5.1 

& 5.2. Thus we are presented with the first problem to be overcome, that of 

reconstructing the time series. This will then create new values to use in place of the 

missing values. Table 5.1 Usts the coding and addresses for all the locations used in the 

study. 

Table 5.1: Codingof Traffic Flow Data 

Research Code City Code Address 
1 101891 16th. Avenue N.E. (west of Deerfoot Trail) 
2 101943 Deerfoot Trail N.E. (north of Beddington Blvd.) 
3 200611 Crowchild Trail Bridge 
4 201758 Shaganappi Trail S.W. (south of 32"°. Ave.) 
5 202111 Northmount Drive N.W. (west of 19m. St.) 
6 300451 Louise Bridge 
7 401313 Fairmount Dr. S.E. (south of Avonbum Rd.) 
8 200342 14,n. St. N.W. (south of 2 M . Ave.) 

Table 5.2 shows which years and locations were retained for the study as they were either 

complete or had sufficient data for reconstruction. Each location is designated as A and B 

to signify the different directions of traffic flow. It is immediately apparent that not all 

retained locations were usable for each year of the study. Nevertheless, they were all 

utiUsed in the study, however, those which were adequate for all three of the years were 

singled out to test for trend and to test the model later. 



Figure 5.1: Locations of Permanent Traffic Counting Stations 
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Table 5.2: Locations and Years of Traffic Flow Data Used in Analysis 

Code IA IB 2A 2B 3A 3B 4A 4B 5A 5B 6A 6B 7A 7B 8A 8B 
1993 X X X X X X X X X X X X X X 
1994 X X X X X X X X X X X 
1995 X X X X X X X X X X 

5.3 AUTOCORRELATION 

The next step is to find a value to insert where there are missing observations. Missing 

observations result from a failure of the traffic monitoring devices. Frost upheaval and 

other disturbances can cause the units to malfunction and not record information. This 

failure manifests itself as holes in the time series or missing data. It was decided to 

arrange the data in weekly cycles first. This would create a matrix of traffic flow values 

by hour and by week as illustrated in Table 5.3. 

Table 5.3: Matrix of Weekly Traffic Flows 

Hour Weekl Week 2 Week 52 

1 

2 

3 

168 
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Thus for every hour of the week there would be fifty-two separate observations (one 

week will have fifty-three due to the unevenness of the year), less the missing values. 

When performing this operation, there were no less than thirty-six individual 

observations for any one-hour time period from which to derive the average for the 

missing variable. 

However, before averaging can be carried out, it would be advisable to determine if the 

week is a sufficiently homogenous segment of data from which to draw our averages. In 

other words, is the total traffic flow for noon on Monday of week one, similar to noon on 

Monday for the other weeks of the year? 

One method of estimating this recurrence of cycles is to execute an autocorrelation 

analysis with enough lags to capture at least one week. Normally this test would be 

performed to determine how one should set up moving average models to smooth the 

data (Gottman, 1981; Harvey, 1981). Again, it indicates the recurrence of the cycle. This 

internal structure can be seen in the Figure 5.2 derived from completing an 

autocorrelation with 504 lags which would cover three weeks worth of data. 

It is readily apparent when viewing this figure that there are two cycles present. The first, 

and most noticeable, is the daily cycle of traffic, peaking during the day and diminishing 

in the evening. The sharply defined peaks, both positive and negative, in the figure, 

distinguish this. The eighth, fifteenth and twenty-second peak across the top are 

discernibly more peaked, or higher than the others. These represent the weekly 
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correlations. Figure 5.3 represents correlations at twenty-four intervals, and again it is 

possible to see an increase in correlation at the weekly time stamps (168, 336 and 504 

hour mark). This indicates that the overlying weekly cycle exhibits greater internal 

correlations than the daily cycles, in other words, there is a high degree of homogeneity 

between each of the weekly cycles. Therefore, it is deemed acceptable to average weekly 

values together as a means of arriving at a value to replace the missing values. 

5.4 AVERAGING 

This step is reasonably easy to perform and was set up within a spreadsheet package in 

the same fashion as described in Table 5.3. Once the fifty-two weeks were arranged in 

the matrix, it was merely a matter of totalling the existing values and dividing by the 

amount of observations used. The resulting sum was inserted into its corresponding 

missing value location in the matrix. This provided an acceptable estimate for the missing 

value and did not alter the parameters of the time series other than to reduce slightly the 

variability and standard deviation of the individual series. Not all the time series provided 

were reconstructed in this fashion as they were deemed to have too many missing 

variables. Any series that suffered a loss of approximately twenty percent or more was 

deemed damaged beyond repair and was excluded from further study. 

Before the averaging could continue, it was necessary to test the homogeneity across each 

row represented in Table 5.3. As each row in this matrix represents one particular hour of 

the week and each column represents the fifty-two weeks of the year, the following 

question arises. If, for sake of argument, the value for a particular hour at week ten is 
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missing, is it possible that it is closer in value to the surrounding weeks, nine and eleven, 

than it would be to weeks forty through fifty-two? If this is true, then some form of 

weighted average will be required. If not, then it will be possible to continue with 

averaging all values equally. 

In order to determine the answer the answer to the above question, a linear regression 

analysis was performed on several rows of data followed by an analysis of the residuals. 

If a pattern is recognised within the residuals, then the weighted average will be required. 

After performing this test on several rows of data, the residuals were considered random 

in pattern thus allowing the simpler, non-weighted average to be used. 

5.5 TREND 

The data must first be analysed in order to determine if a trend exists. In the case of the 

traffic flows under study, this trend would represent the growth of traffic amongst the 

city's streets over the time period in question. This trend may be linear in form or it might 

fit a polynomial such as a quadratic. A least-squares regression line is fitted to the data to 

determine the extent of the trend. If present, it may be removed by the least-squares 

method or the data may be transformed by the use of techniques such as differencing 

(Gottman, 1981). Differencing is considered more powerful as it can remove different 

polynomial trends in different sections of the data. It is performed by the following 

equation: 

Xt = Xt-Xtl 
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In the event that a non-linear trend is present, it is possible to repeat this procedure to 

remove n-fold differences, with n representing the total amount of differences (Gottman, 

1981). 

Upon examination a slight trend was detected, however, it was inconsequential (Table 

5.4) and therefore the decision was made to leave the data as it stood instead of 

performing any transformations. Fitting polynomials to the curve did not alter the 

definition of the trend appreciably. The trend may be estimated by performing regression 

analysis on each stream of data. The B i statistic is an estimate of the slope of the line-of-

best-fit (McClave and Dietrich, 1992). The following table summarises B i for all traffic 

flows based upon the aggregated average. Only the counting stations valid for each of the 

three years were tested for trend. 

Table 5.4; Slope Values for Traffic Flows 

Station Year B1 t Significance oft 
1 1993 -0.298628 -0323 0.7474 
1 1994 -0.293263 -0.315 0.7533 
1 1995 -0.291554 -0J10 0.7567 
4 1993 0.046437 0.144 0.8857 
4 1994 -0.051178 -0.161 0.8723 
4 1995 0.081781 0.256 0.7983 
5 1993 -0.135941 -0.391 0.6959 
5 1994 -0.128822 -0378 0.7057 
5 1995 -0.122852 -0368 0.7132 
7 1993 -0.053029 -0.230 0.8186 
7 1994 -0.439732 -0.152 0.1301 
7 1995 -0.131084 -0.619 03368 

The regression analysis resulting in the above values was set up with 'time' as the 

independent variable. This 'time variable' comprises the 168 hours of the average 
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composite week. The independent variable then was the average traffic flow frequency. 

The most noticeable feature of the results is the negative slope values that appear counter

intuitive as it would be expected to have an increase in traffic over time. Upon further 

examination however, the Mest of hypothesis offers greater explanation. The null 

hypothesis for this test is that there is no appreciable difference between the tested slope 

and a zero slope (H 0 = 0) (Davis 1986). As can be seen, in all cases the null hypothesis 

cannot be rejected so it is assumed that there is no difference between these slopes and 

one for which there is no significant deviation from a zero slope. This allows us to 

continue working with the time series data as if there is no trend present or that the time 

series is stationary (Davis, 1986). 

5.6 PROPORTIONAL SERIES 

The averages were created and then the value was inserted into the original flow thus 

completing them. At this point, it was considered that the averages for all traffic flows 

could be combined, or averaged again, creating a single series that could be utilized for 

any location in the city. To be able to use this series, it will have to be converted to 

proportional values or percentages. Therefore, each time series of traffic flows was 

converted to percentages and then all these percentages were averaged. 

This 'super average' can be used as a times series model to be applied to any traffic flow 

within the city providing a breakdown of the annual average weekday traffic flows into a 

weekly time series consisting of one hundred and sixty eight hours. Figure 5.4 is a time 

series plot comparing the average against the predicted values for location 7. This graph 
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is arranged Monday through Saturday and it is quite easy to pick out the morning and 

evening rush hour peaks for the five work days. The week-ends express a more 

traditional bell shaped curve. There is some deviation from the actual values by the 

predicted but some variation in modeling is expected. The average proportional time 

series will be tested to determine if the difference is within acceptable bounds. 

Unfortunately, the City provides traffic flow information in a very crude state, known as 

the annual average weekday volume. This figure ignores the weekend values which will 

have to be recreated. Once done, the average weekday volume can be multiplied by five 

and added to the weekend value to yield a total weekly volume. This volume can be 

deconstructed into individual hourly volumes by applying the percentage values 

determined earlier. 

600 

400 i 
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Figure 5.4: Time Series Plot Comparing Averaged Flow 7/95 to Predicted Flow 7/95 
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The average annual daily traffic flows (AADT) for all major roads within the City of 

Calgary are gathered from a map prepared by the City of Calgary Transportation 

Planning department. The values for sections of road are taken from the map (1995) and 

recorded manually to the database of the GIS road map. The total volume for the week 

can be arrived at by the following procedure. Multiply the annual average weekday flow 

by five to get the value for Monday through Friday. From earlier work, it was determined 

that this value is 77.5579% of the total volume for the week. If the weekday total 

(Monday through Friday) is divided by 77.5579 and multiplied by one hundred, the total 

for the week is arrived at. Apply the time series of percentages to this total volume and a 

new time series has been modelled. 

5.7 TESTING THE MODEL 

Before proceeding to apply the model to all locations in the city, it would be prudent to 

test the model by applying it to the locations from which it was derived, hi other words, 

apply the model backwards and recreate the individual time series from the general 

model. By taking the total weekly traffic flow from the original data and multiplying it 

against the percentages created, a new group of weekly time series can be predicted. 

However, as these locations are used to generate the proportional model it is important to 

safeguard against violating the assumption of independence. Therefore it was decided to 

remove the location to be predicted from the modelling process. The time series that are 
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complete for the three years of the study were once again chosen for statistical testing. 

Two tests will be applied to the data, the Matched Pairs /-test and a Regression analysis. 

5.7.1 MATCHED PAIRS t-TEST 

This test is designed for samples where the observations are paired in some way, such as 

the same subject observed under two separate conditions. The test matches the pairs, 

finds the difference between the matched pairs and then determines if this difference is 

statistically significant or not. The null hypothesis (H0: 6 = 0) states that there would not 

be any difference between the pairs, whereas the alternate hypothesis (H a * 0, two tailed) 

states that there is an appreciable difference (McGrew and Monroe 1993; Norusis 1991). 

The matched pairs are the actual hourly observations and the predicted values which are 

matched by their appropriate hour, or place within the time series. The formula for the 

test is as follows: 

imp = d/(Td 

where: J r a p = matched pairs 
d = mean of matched pair differences 

Od = standarderrorofmemeanmfferences 
(McGrew and Monroe 1993) 

The following table is a Ust of the results when the matched pairs samples test was 

performed with the aid of the SPSS™ software package. 
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Upon exarnination of Table 5.5 it becomes readily apparent that there is no appreciable 

difference between the matched pairs. The means of the differences are extremely low 

resulting in slight /-values. The significance test states that it is not possible to reject the 

null hypothesis, therefore we must accept the fact that there is no significant difference 

between the actual recorded values and the predicted values. This is as would be hoped 

Table S.5: Matched Pairs /-test Results 

Location d SD SEofMean /-value df 2-tail Sie 
4-'93 .0000 67.360 5.197 .00 167 1.000 
4-'94 .0000 78.397 6.048 .00 167 1.000 
4-'95 .0000 67.436 5.203 .00 167 1.000 
5-'93 .0000 48.783 3.764 .00 167 1.000 
5-'94 .0000 48.339 3.729 .00 167 1.000 
5-'95 .0000 56.956 4.394 .00 167 1.000 
7-'93 .0000 19.832 1.530 .00 167 1.000 
7-'94 .0000 28.402 2.191 .00 167 1.000 
7-'95 .0000 20.548 1.585 .00 167 1.000 

although it was not anticipated that the results would be as strong as they are. As a second 

test then, regression was performed to verify these values. 

5.7.2 REGRESSION 

If one variable influences another or if there is some form of functional relationship 

between the two variables, then regression may be used (McGrew and Monroe 1993). In 

this case, as one variable is used to predict the value of the other, there is a functional 

relationship. The independent variable provides the effect while the dependent variable is 

the one that receives the effect. As there are only the two variables involved, a simple 

bivariate regression will be utilized. The value of r2, the coefficient of determination 

indicates the strength of the relationship between the dependent and independent 



variables. A value of 1 indicates a perfect positive correspondence between the two and a 

value of 0 indicates a random relationship. The F statistic offers a test of significance. 

Table 5.6 below summarises the results of the regression analysis. 

Table 5.6; Regression Analysis Results 

Location ? SE F Sis. ofF 
4-'93 .977 42.2210 7067.64 .000 
4-494 .965 50.1546 4562.547 .000 
4-'95 .976 42.4362 6846.119 .000 
5-'93 .954 42.7047 3443.007 .000 
5-'94 .952 42.9437 3305.341 .000 
5-'95 .928 51.4758 2145.443 .000 
7-'93 .984 17.1114 10335.313 .000 
7-*94 .977 26.3978 7069.956 .000 
7-*95 .988 16.9948 13302.389 .000 

The r2 values in the above table indicate a very strong positive relationship between the 

variables, confirming the compelling results of the matched pairs tests. Furthermore, the 

F statistic and its associated test indicate that r2 is indeed statistically significant. This can 

be interpreted as stating that the independent variable (the predicted values) successfully 

accounts for a great deal of the variation in the dependent variable (the observed values). 

Thus the model predicts traffic flow accurately for the time series. 

The difference between each predicted and observed quantity is known as the residual 

value. Examining the residuals provides information that indicates whether certain 

assumptions are violated or not. One important assumption is that the two variables are 

randomly distributed. If the residual distributions approximate a normal frequency 

distribution then randomness is considered to exist The graph below (Figure 5.5) shows 
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the distribution of one set of residuals, further analysis shows this to be consistent for all 

the residuals. 
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Figure 5.5: Histogram of Standardized Residuals for Location 7-'95 
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Figure 5.6: Scatterolot of the Residuals for Location 7-'95 
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If the residuals are plotted in a simple scatter plot they can be checked to see if any 

pattern exists. If this is the case, then some systemic variation may exist and further 

analysis will be required to determine the nature of this error and then remove its 

influence. Figure 5.6 is one such scatter plot. As can be seen, the residuals appear to be 

randomly distributed over the weekly time series so it is possible to assume that there is 

no systemic error or pattern. This increases the confidence in the results of the regression 

analysis as it indicates that the important assumptions underlying the analysis have not 

been violated. 

5.8 ASSUMPTIONS 

One important basic assumption underlies and informs this model: 

The social and economic forces that act to create traffic 

flows in the city are ubiquitous across the city. 

Research in time-geography by geographers such as Torsten Hagerstrand, as cited in 

Cloke, Philo, Sadler (1991), has greatly aided in explaining this relationship. Cloke, Philo 

and Sadler (1991, p. 109) describe this phenomenon: 

depiction of regularities in how individuals repeatedly draw upon -
and in how different individuals simultaneously draw upon - the resources 
of time and space. These regularities amount to 'time-space structures ' 
deeply engrained in the conduct of everyday life, and they themselves are 
embedded within (are shaped by; are constituted by) a more intangible realm 
of structure: the realm of economic, social, political and cultural structures 
as those governing the distribution of wealth and power in modern 
capitalistic societies. " (emphasis in original) 

All who live and work within modern cities are aware of these cycles and the daily 

routine of battling the morning and evening rush hours. These peak hours of traffic are 
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excellent examples of the regularities of time-space structures. A great majority of 

working people in the city simultaneously commute back and forth to their places of work 

along similar routes and at the same time and these patterns are repeated during the five 

working days of the week. Therefore, empirical sociological evidence appears to support 

this simple assumption. 

5.9 DISCUSSION 

This model will be used to derive hourly values for numerous locations across the City of 

Calgary. As this study focuses on traffic collisions, it is important to understand the 

temporal distribution of collisions. This knowledge should lead to greater understanding 

of the circumstances behind collisions, especially those resulting in injury and mortality. 

As all collisions recorded in the Alberta ColUsion Report Form specify the time and 

location of the event it will be relatively routine to incorporate this data in a GIS. 

The robustness of this model is of importance as the collision data spans six years, 1995 

through 2000. The fact that the model incorporates six years worth of data yet predicts 

each weekly aggregate for separate years to a high degree indicates that there is a 

temporal stability inherent in the traffic pattern. While the volume of traffic flow may 

increase over time, the proportional distribution of the flow over a composite week 

appears to remain consistent. This property is invaluable for subsequent research. 

A number of explorations will be possible with such a rich database. With six years worth 

of data there will be enough collisions that result in injury and mortality to extract and 
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examine. Furthermore, selecting collisions by those in which excess speed was a 

contributing factor will yield a large enough sample for statistical purposes. It will also be 

of interest to compare spatial autocorrelations across the temporal domain. This may 

result in a change in the spatial relationships over the weekly cycle that may suggest 

farther in-depth study. For example, specific areas of the city might be host to various 

social events that are antecedents to collisions, most specifically, those that include the 

use of alcohol. In a study by the Hamilton-Wentworth Police Services, it was determined 

that the collisions occurring during the late evening and early morning hours were 

proportionally greater than those which take place during the daytime (Solomon 1994). 

Thus even though more collisions may occur during the rush hours, they are not as 

significant when one takes into account the volume of traffic. Further analysis comparing 

the severity of collisions might be even more significant. The volume of traffic during 

rush hour restricts the ability for the motorist to attain excessive speeds, whereas the late 

evening and early morning, when volumes are light and road capacity is high, allow the 

motorist to speed with Uttle or no difficulty. This information in a GIS format will readily 

allow this hypothesis to be studied. 

5.10 CONCLUSION 

Traffic studies have been criticised for their lack of solid scientific methodology as 

shown by the remarks Heame made and quoted on pages 94-95 of this thesis. Traffic 

researchers face a tremendous problem in that it is necessary to collect a wide range of 

data on events that are random in nature. It is ethically and morally reprehensible to allow 

collisions to occur let alone stage them, and it is only by accident, no pun intended, that a 
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researcher might be present at a collision in order to record it accurately. Some statistics 

in transportation rely on annual miles driven which is recorded from the amount and type 

of registered vehicles in a jurisdiction including their make, model, and year of 

manufacture. This information is combined to ascertain mileage by factoring fuel 

consumption as determined from gas sales. It is easy to see that this figure would contain 

many omissions and oversights that would lead to the introduction of a large amount of 

error. Using these values in subsequent research would promote the propagation of error 

to the detriment of any results and conclusions drawn from such work. Also, traffic 

volumes are not recorded accurately over long periods of time except at a few locations, 

as has been concluded already in this chapter. This project is an attempt to extend the 

utility of such traffic volume data without committing the error previously mentioned of 

ignoring the limitations of the data. While not complicated, this work is a logical and 

methodical step-by-step creation of a model that can aid further traffic analysis. Each step 

utilizes standard, robust techniques backed up by statistical tests that lends certain 

elegance to its solution. Hakkert, Yelineck, and Efrat sum up the need for such research: 

"Traffic and accident patterns on urban roads are very different 
from those on the interurban network and therefore need a different 
approach. Some of the characteristics are: - a dense network of 
roads, including intersections and parking lots requiring a spatial 
approach; - areas of differing characteristics (Business district, 
shopping, residential, industrial, parks, and open spaces); - different 
types of accidents, pedestrian, intersection, etc.; - problems of 
congestion and peak hours; a lack of detailed information on traffic 
volumes. " 

(1991; pp. 100-101) 
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5.11 CHAPTER SUMMARY 

Recognising that the temporal domain has been largely ignored in traffic colusión 

analysis, this chapter made an argument for the inclusion of data that will aid in the 

exploration of this dimension in traffic studies. Making use of information gathered from 

permanent counting stations a methodology was devised that incorporates time series 

data into a GIS. Utihsing basic averaging techniques, a composite weekly average was 

created that was then converted to a proportional time series and arranged on an hourly 

basis. The aggregated weekly time series was tested for statistical significance by 

applying the matched paired samples /-test and regression analysis. In both instances the 

tests were positive CorncIrming the validity of the composite time series. A discussion 

followed that explained how such a time series will be used for future research. 
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6 Chapter 6 

CATEGORICAL DATA ANALYSIS 

6.1 INTRODUCTION 

As the above research has shown, associations do exist between some of the variables, 

although in most cases they were not very strong. This is not unusual, nor does it mean 

that other relationships did not exist. It is entirely possible that the combination of more 

than two variables will create stronger and more significant relationships. The 

contribution of one variable often depends on other variables in the model (SPSS 

Advanced Statistics™, 1994) Interactions between the various categories of data and 

other variables may also be revealed. 

These relationships were examined using the statistical technique of logistic regression 

(SPSS Advanced Statistics™, 1994; Tabachnik and Fidell, 2001). All variables, 

regardless of their level of measurement, will be utilized. It is hoped that this will address 

the first two hypotheses posed in the thesis, which ask if speed combines with other 

variables to create higher degrees of risk and is it possible to quantify these relationships? 

These hypotheses were concerned with what other variables combine with speed to make 

for dangerous locations, and if so, to what degree do they contribute to the phenomenon. 
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6.2 LOGISTIC REGRESSION 

Logistic regression is extremely robust, has few assumptions, can take advantage of all 

levels of data and the predictors can be a mix of continuous, dichotomous, and discrete 

variables. Logistic regression does not require the independent variables (TV) to be 

normally distributed nor do they need to have equal variance within groups. Of particular 

advantage is that logistic regression can be used even though some or all of the IVs may 

not be linearly associated with the dependent variable (DV) (Tabachnik and Fidell, 2001). 

When the dependent variable has only two possible outcomes (binary), logistic regression 

creates the log of the odds that a case will belong in one or the other response. This log-

odds ratio is known as the logit. The formula takes on the following form: 

e" 
Y, = 

' l + eu 

A 

where Y ¡ is the predicted probability of case i being in one or the other of the binary 

categories and u represents the linear equation as follows: 

U = A-V- B1X1 + B2X2 + + BkXk 

This then is used to create the log odds (natural log) of the probability of being in one 

category divided by the probability of being in the other category as seen below: 
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In 
/ Y ^ 

V 1 - 7 
= A+ Z BJXij 

J 

The goal then is to find the best set of predictors that most accurately forecast the 

probability of matching the observed outcomes (Lloyd, 1999; Chou, 1997; Tabachmck 

and Fidell, 2001). 

This technique is used to determine if there are any relationships between the outcome 

and the predictors. If one is found, then the researcher will reduce the amount of 

predictors until the simplest model is found that still predicts well. The simplest model is 

one where the model includes only a constant and none of the independent variables. The 

most complex model, or full model, includes the constant and all the independent 

variables. As not all predictors may be relevant the researcher attempts to find the model 

with the highest predictability using the least amount of independent variables 

(Tabachnik and Fidell, 2001). 

6.2.1 ANALYSIS 

Various tests are available to the researcher so that the most parsimonious set of variables 

can be chosen. A chi-square test compares the model to a "simple" model, one containing 

only the constant. This determines then if the model shows any improvement over the 

simple model. A table can be created that shows how well the model predicts the 

outcome and compares its performance to the observed values. As there are only two 

possible outcomes, this table has four cells; predicted outcome A and observed A, 

predicted A and observed B, predicted B and observed B and, predicted B and observed 
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A. The goal is to have as many predicted cases match the observed. As this is a 

dichotomous response, any prediction that scores 0-49 will belong to group A, and any 

case predicted at 51 - 100 will belong to B. The cases equal to 50 can be randomly 

assigned to either group (SPSS Advanced Statistics™, 1994). 

To increase interpretability of these responses, a graph is generated that shows where the 

values scored along a line (x-axis) from 0 to 100. This allows the researcher to examine 

the status of residuals and determine how far they Ue from the correct response. The 

further the residual lies from the predicted value, the greater the error in the model. 

The analysis will begin with a "saturated" or "complex" model, one that includes all 

variables, and then variables will be removed until the best and simplest model is 

discovered. 

6.2.1.1 SaturatedModel 

Analysis begins by including all possible variables and then removing some until the best 

possible model is found. The "saturated" model includes the variables Hsted in Table 6.1. 

The dependent variable is the dichotomous outcome of Fatality or Injury (Fatal/Injury), 

coded 0, and Property Damage Only (PDO), coded 1. A total of 57,413 cases were 

included in the analysis due to many being removed as missing variables. Table 6.1 also 

shows how each category is broken down and "dummy" coded so that each variable is 

represented. 
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Table 6.1: Variables in Saturated Model 

Categorical Variables Codings 
Frequency !Parameter 

coding 
(1 (2 (3 (4 (5 (6 

'rimary Event Struck Object 13664 1.000 .000 .000 .000 .000 .OOC 
Right Angle 8777 .000 1.00C .000 .000 .000 .OOC 
Left Turn Across Path 5017 .000 .OOC 1.000 .000 .000 .000 
Other/Specify 514C .000 .000 .000 1.000 .000 .OOC 
Rear End 17501 .000 .000 .000 .000 1.000 .OOC 
Sideswipe Same 
Direction 

468Í .000 .00( .00( .000 .000 1.00C 

Backing 2625 .000 .000 .000 .000 .000 .000 
Contributing 
Road Conditions 

No Unusual Condition 49668 1.000 .000 .000 .000 .000 

Under 
Construction/Maint. 

431 .000 1.000 .000 .OOC .000 

Hole/Ruts/Bumps 3287 .000 .000 1.000 .OOC .000 
Slippery When Wet 4001 .000 .000 .000 1.00C .OOC 
Oily Pavement 10 .000 .000 .000 .OOC 1.00C 
Soft/Sharp Shoulder 16 .000 .000 .000 .OOC .000 

Road 
Classification 

undivided one-way 10371 1.000 .000 .000 

undivided two-way 31455 .000 1.000 .000 
divided with barrier 12896 .000 .000 1.00C 
divided no barrier 2691 .OOC .000 .OOC 

Total Number of 
Vehicles 

1 7072 1.000 .000 

2 45632 .000 1.000 
3 470S .000 .OOC 

Surface 
Conditions 

Dry 38221 1.000 .OOC 

Wet 574C .000 1.00C 
Slush/Snow/Ice 13452 .OOC .OOC 

Hit & Run Ves 5527 1.00C 
VJo 51886 .OOC 

Jght Conditions [Daylight 4306S 1.000 
Darkness 14344 .000 

Jnsafe Speed Ves 8928 1.000 
48486 .OOC 

The "simple" model, one with the constant only, does not predict the outcome of FataUty 

or Injury well, however, it does predict the outcome PDO perfectly. Table 6.2 is the 

classification table for this model. 
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Table; 6.2 Classification Table for Simple Model 

Classification Table 
Predicted I 
Fatality/Injury or PDO Percentage Correct 

Observed Fatality or Injury PDO 
StepO Fatality/Injury or 

PDO 
Fatality or Injury C 16345 

0 

PDO C 41068 100.C 
Overall Percentage 71.5 

a Constant is included in the model, 
b The cut value is .500 

Now the model is run with all variables and compared to see if there is any significant 

improvement. The chi-square statistic is used to determine improvement (SPSS 

Advanced Statistics™, 1994). The chi-square value of280.79 was significant at 8 degrees 

of freedom, achieving a p-value of better than .000. Table 6.3 is the classification table 

for the saturated model. 

Table 6.3; Classification Table for Saturated Model 

Classification Table 
Predicted 
Fatality/Injury or PDO Percentage Correct 

Observed Fatality or Injury PDO 
Fatality/Injury or PDO Fatality or Injury 3262 13083 20.0 

IPDO 2581 38487 93.7 
Overall Percentage I 72.7 

The cut value is .500 

There is a definite improvement in the prediction of the Fatahty/Injury outcome (from 0 

to 20%), although at the expense of predictability for PDOs (from 100 to 93.7%). 

However, the overall performance of the model increased by 1.2%. 

The Wald Statistic is a test with a chi-square distribution and a null hypothesis that the 

coefficient is not significantly different from 0. For variables with degrees of freedom 
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equal to 1 the statistic can be found by dividing the coefficient by its standard error and 

squaring the results (SPSS Advanced Statistics™, 1994). The significance tests for the 

coefficients of the individual variables revealed that all categories of road condition were 

not significant, thus it was dropped from the model. 

6.2.1.2 ModelImprovement 

As the road condition categories were not significant, this variable was removed for the 

first iteration. Repeating the procedure without the category of road condition improved 

the predictability of Fatality/Injury by only .4% while decreasing predictability of PDO 

by .6%, decreasing the overall efficacy of the model by .2%. The slight difference in 

improvement can be attributed to road condition's similarity to surface condition. All 

coefficients are significantly different from O as suggested by the Wald Statistic. 

However, there is a caution that for high values of the Wald Statistic, it is possible to 

commit the error of accepting the alternate hypothesis when in fact the null hypothesis is 

true, a Type I error (SPSS Inc., 1994). 

There are other methods for determining whether to include or exclude variables in the 

model. One way is to determine the R statistic, which looks at the partial correlation 

between the dependent variable and the independent variable being tested. If R is small, 

then the variable contributes little to the model (SPSS Advanced Statistics™, 1994). 

Another way is to run the model while systematically dropping one variable at a time. 

Then compare the classification results (SPSS Advanced Statistics™, 1994). 
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The R statistic is found using the following formula: 

R = ±. 
rW-IKs 

V -ILL o J 

where: K is the degrees of freedom for the variable 
W is the Wald Statistic of the variable 
-ILLQ is -2 times the log likelihood of the simple model 

Table 6.4: R Statistic for Remaining Variables 

Variable Wald Statistic R 
Pr Event 996.354 0.343568 
Pr eventi 19.850 0.126077 
Pr event2 198.323 0.229598 
Pr event3 426.965 0.278492 
Pr event4 39.041 0.151320 
Pr evento 198.026 0.229511 
Pr evento" 4.120 0.074013 
TotVeh 669.159 0.311499 
Tot veni 37.996 0.150241 
Tot veh2 230.125 0.238387 
Hit run 98.450 0.192221 
Sur Cond 209.476 0.232228 
Surcondl 208.326 0.232468 
Sur cond2 65.426 0.173098 
Rd Class 4199.847 0.493603 
Rd classi 1123.547 0.354960 
Rd class2 75.193 0.179408 
Rd class3 2.456 0.050404 
Light 27.426 0.137735 
Speed 161.457 0.217964 

Table 6.4 shows the results of the Wald and R statistics for the variables learning in the 

model. R is interpreted similar to a correlation coefficient in that its value ranges between 

-1 and +1. Positive numbers indicate that an increase in the variable results in an increase 

in the log likelihood of the event occurring where as when R is negative, an increase in 
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the variable will result in a decrease in the log likelihood of the event. The variables 

"Primary Event 6" (backing) and "Road Classification 3" (divided no barrier) both have 

very low R values and thus contribute Uttle to the model. These will be receded as 

missing variables in order to remove them from the next model. 

Table 6.5: Classification Table for 1st Round of Variable Removal 

Classification Table 
[Predicted I 
Fatality/Injury or PDO Percentage Correct 

Observed Fatality or Injury PDO 
Stepl Fatality/Injury or PDO :atality or Injury 3222 1257C 20.4 

PDO 2654 35428 93.G 
Overall Percentage I 71.7 

The cut value is .500 

Only a slight improvement in predictability was obtained. The remaining variables will 

be checked and again dropped if found insignificant to the model. Table 6.6 shows the 

results for the 2 n d iterative round. The variable "Primary Event 1" (Right Angle, see 

Table 6.1) has dropped below .1 so will be removed for the next round. Noticeably, Ught 

conditions is also low in value and probably will be removed from future use. This runs 

somewhat counter to what was originally expected since the risk analysis in Chapter Four 

indicated a greater degree of risk of injury or fatality if the colUsion occurred in darkness 

as compared to light. 

Table 6.7 shows that the predictabiUty of the model has improved the overall 

performance of the model slightly (0.8%), but, more importantly the predictability of 

FataUty/Injury has improved by 3.2%. 
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Table 6.8 shows that one more variable can be removed, "Primary Event 2" (left turn 

across path). 

Table 6.6: Wald & R Statistics for 2"° Round 

Variable Wald Statistic R 
Pr Event 776.318 0.329286 
Pr eventi 5.296 0.084327 
Pr event2 196.146 0.233617 
Pr event3 471.360 0.291305 
Pr event4 16.154 0.121392 
Pr evento 210.688 0.237873 
Tot Veh 607.518 0.310330 
Tot veni 37.454 0.152717 
Tot veh2 198.892 0.234438 
Hit run 104.311 0.199045 
Sur Cond 190.949 0.231424 
Surcondl 189.692 0.231600 
Sur cond2 60.030 0.172737 
Rd Class 3507.291 0.481528 
Rd classi 2874.819 0.458193 
Rd class2 206.615 0.236704 
Light 24.295 0.135995 
Speed 161.004 0.222241 

Round four again shows improvement of 2.4% in Fatality/Injury and a 0.9% increase 

overall. At just over .1, "Primary Event 3" (Other/Specify) was removed. Round five 

shows continued improvement in the model as indicated in Table 6.9. 

Table 6.7: Classification Table for 3 r d Round of Variable Removal 

Classification Table 
Predicted I 
Fatality/Injury or PDO Percentage Correct 

Observed Fatality or Injury PDO 
Stepl Fatality/Injury or PDO Fatality or Injury 308S 10021 23.6 

PDO 2425 29674 92.4 
Overall Percentage 72.6 

The cut value is .500 
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Table 6.8: Wald & R Statistics for 3 r d Round of Variable Removal 

Variable Wald Statistic R 
Pr Event 811.307 0.348524 
Pr event2 7.426 0.099915 
Pr event3 521.965 0.312612 
Pr event4 17.787 0.130493 
Pr evento 231.371 0.254769 
TotVeh 540.959 0.315135 
Tot veni 42.590 0.165241 
Tot veh2 146.459 0.226959 
Hit run 91.129 0.201148 
Sur Cond 137.257 0.222842 
Surcondl 136.596 0.222982 
Sur cond2 41.212 0.163820 
Rd Class 3723.691 0.511256 
Rd classi 3044.163 0.486192 
Rd class2 176.899 0.238072 
Light 27.241 0.146737 
Speed 154.958 0.230226 

Table 6.9: Classification Table for 5 t h Round of variable Removal 

Classification Table 
Predicted 
Fatality/Injury or PDO Percentage Correct 

Observed :atality or Injury PDO 
Stepl Fatality/Injury or 

PDO 
Fatality or Injury 3073 6944 30.7 

PDO 2143 23105 91.5 
Overall Percentage 74.2 

The cut value is .500 

Table 6.10 shows the Wald and R statistics that result from the fifth iteration. No variable 

drops below the .1 level that was arbitrarily decided as the cut-off point. However, it is 

possible to continue using these values as a guide and checking for improvement in 

predictability and in the -ILL value. The -ILL value is -2 times the log likelihood of the 

event occurring. The lower the value the better the model (SPSS Advanced Statistics™, 
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1994). As long as some improvement is seen, the iterative process of removing the lowest 

R value variable will continue. The variable "Primary Event 4" (Rear End) will be 

excluded from round six. 

Variable "Road Classification 2" (divided with barrier) was the next lowest variable 

chosen for removal. As can be seen in Table 6.10, classification results continue to 

improve, although the number of cases has been reduced due to receding of variables as 

"missing", as they are removed from analysis. However, there are still over 18,000 cases 

included and the chi-square test still indicates that the results are statistically significant 

at the 95% confidence level. 

Table 6.10: Classification for 6 t h Round of Variable Removal 

Classification Table 
Predicted I 
Fatality/Injury or PDOI Percentage Correct 

Observed Fatalityorlnjury PDO 
Step 1 Fatality/Injury or PDO :atality or Injury 1970 2792 41.4 

PDO 1271 12261 90.6 
Overall Percentage 77.8 

The cut value is .500 

The model continues to improve after the seventh iteration and the variable tTot Veh 3" 

(3 or more vehicles) will be removed for the next round. "Light Conditions" was 

removed in the next iteration as it has the lowest R value of the remaining variables. The 

total number of cases dropped to 14,582, but the chi-square test remained significant at 

the 95% confidence level and the prediction results also showed improvement as shown 

below in Table 6.11. 
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Table 6.11; Classification Results for 9th Round of Variable Removal 

Classification Table 
i 1 Predicted i 

:atality/lnjury or PDO I Percentage Correct 
Observed :atality or Injury PDO 

Step 1 Fatality/Injury or PDO Fatality or Injury 1877 2232 45.7 
PDO 1222 9251 88.3 

Overall Percentage 76.3 
The cut value is .500 

Continuing with the iterative process, the remaining variables were removed one at a 

time, if the predictability decreased, they were brought back and if the predictability 

increased, they were removed and the process repeated. The final model shows a marked 

improvement over the original complex model as can be seen in Table 6.12. 

Table 6.12: Classification of 14th Round of Variable Removal 

Classification Table 
Predicted 
Fatality/Injury or PDO Percentage Correct 

Observed Fatality or Injury PDO 
Stepl Fatality/Injury or PDO Fatality or Injury 5725 3192 64.2 

PDO 2932 20213 87.3 
Overall Percentage 80.8 

The cut value is .500 

PredictabiUty of Fatality/Injury has increased to over 64% while predictabiUty of PDOs 

has only dropped to 87.3% from 93.7%. Overall performance of the model increased 

from 71.5% to 80.9%, an improvement of over 9%. The number of cases used increased 

to just over 32,000 while retaining a significant chi-square value over the 95% 
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significance level. The -ILL value improved from 62,572.519 to 29,615.847 another 

strong indication of the efficacy of the final model (SPSS Advanced Statistics™, 1994). 

What is most surprising of the final model is the loss of "light conditions" and "Unsafe 

Speed" as predictor variables. There was a dramatic improvement once these two 

variables were removed, indicating that perhaps they do not add significantly to the 

ability to predict whether a colusión will result in an injury or fatality. Furthermore, these 

variables were added back to the model in an attempt to see if their effect was stronger 

after other variables were removed. This did not turn out to be the case, so they remained 

out of the model. 

The classification table does not specify to what degree classification is achieved as it 

records a value only for success of failure. Another diagnostic tool that allows the 

researcher visually to compare results is a histogram of the predicted results, or 

classification plot. Figure 6.1 shows the results for the final model. It can be seen that the 

fatality/Injury category is still predicted worse with those incorrectly predicted at a much 

greater distance from the 50% dividing point. Conversely, the incorrectly predicted PDOs 

are much closer to the 50% cut-off point. However, when compared to Figure 6.2, which 

is the classification plot for the complex model, the improvement is clearly visible. 

Residuals were checked using a normal probability and detrended normal probability plot 

(Figures 6.3 and 6.4). The graphs indicate a fairly normal distribution of residuals with 
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some exceptions, which were to be expected as the model did incorrectly predict 19% of 

the cases. 

As the logistic regression model is based on the "maximum likelihood method", rather 

than the least-squares method associated with linear regression, interpretation of the 

coefficients is slightly different. The coefficients explain the change in likelihood, or 
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Figure 6.1; Classification Plot for Final Model 
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probability, of the event occurring given a change in the predictor variable while the 

other predictor variables remain constant (SPSS Inc., 1994). Using the values to be found 

Table: 6.13: Statistics for Predictor Variables 

Variables in the Equation 
B S.E. Wald df Sipr. Exp(B) 

Step 1 PR EVENTd) -.424 .04C 110.671 1 .000 .654 
RD CLASS(I) -2.557 .03C 7193.771 1 .000 .078 
Constant 2.216 .041 2968.71C 1 .000 9.173 

Variable(s) entered on step 1 : PR_EVENT, RD_CLASS. 
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Figure 6.2: Classification Plot for Complex Model 
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Normal Q-Q Plot of Normalized residual 

Observed Value 

Figure 6.3: Normal Probability Plot of Residuals 

Detrended Normal Q-Q Plot of Normalized residual 

Observed Value 

Figure 6.4: Detrended Plot of Residuals 
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in Table 6.13 we can interpret the coefficient of "Road Classification" as meaning there 

is a change in the probability of a colusión resulting in PDO rather than Fatality or Injury 

of -2.557 (i.e. a 2.557 decrease in probability), when "Road Classification" changes from 

"undivided one way" to "undivided two way." Similarly, a change from "Striking 

Object" to "Sideswipe" affects a negative change, although by only -0.424. This implies 

that undivided two way roads are much more dangerous than the one way undivided 

roads. Design of undivided two way roads can be examined to determine if redesign may 

alleviate risk. 

6.3 CONCLUSION 

It is important to remember when interpreting this model that the low -ILL reflects the 

low probability of collisions occurring. The increase overall in the model's performance 

indicates that the two remaining predictor variables, notably, the two road classification 

categories are of greatest importance. The implication of this finding is that remedial 

action would be most effective in reducing injuries and fatalities on roads of the 

undivided two-way class. The other predictor variables may still prove useful in further 

research. If they were combined with other variables not included in this model, or if it 

was possible to quantify their values in a ratio scale, then they may still reveal much 

about collisions. However, with the data used in this study, the final model is the most 

parsimonious model available. 

Earlier research has indicated that intersections pose a higher risk of collision and a 

higher incidence of injury and fatality (Arthur and Waters, 1997). Coupled with the 



185 

knowledge presented in this model the next chapter will focus on lighted intersections 

that are usually associated with undivided two-way roads. Intersections controlled by stop 

signs are usually on residential and collector roads that have lower traffic flows and fewer 

collisions, thus they were not considered for study. It is expected that a spatial and 

temporal analysis of the selected intersections and interchanges will yield further insight. 

Of interest was the removal of "Unsafe Speed" as a predictor variable. This appears to 

indicate that traveling greater than the posted speed limit has little bearing on the 

outcome of the collision. One note of caution though, as mentioned earlier, impaired 

driving was not examined and should be compared with speeding to see if there is any 

relationship between these two variables. It is difficult to interpret the speeding variable 

as it is recorded as a binary variable and the actual degree of speeding is not known. Only 

in collisions resulting in fatality or severe injury is a report completed with this detail. 

Often, the rate of speed is estimated as, of course, it is not possible to record speeds at the 

time of the event. This does not allow the variable to be quantified in such a manner that 

one may state that a certain increase in speed will result in a particular increase in 

severity or frequency of collisions. However, this does not negate the findings presented 

in this thesis as quantifying the relationship was not attempted. It can still be maintained 

that "Unsafe Speed" as a variable has Uttle predictive power in this model. It is 

reasonable to assume that a vehicle driving at excessive speeds would increase the 

probability of being involved in a collision resulting in serious consequences. Until it is 

possible to measure speeds accurately, this relationship remains unquantifiable. 
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6.4 CHAPTER SUMMARY 

This chapter has explored the combined relationships of the variables of interest using the 

multivariate technique of logistic regression. This procedure was chosen, as it is one of 

the better techniques for dealing with categorical variables. This process is iterative in 

that it begins with a model that includes all variables and, with the aid of several 

diagnostic statistics, selects variables for removal from the model until the best model is 

found. Once no improvement is possible, the process finishes. 

Logistic regression utilizes a binary response variable, which was the outcome of a 

collision resulting in a PDO or Injury/FataUty. Two dichotomous variables were left in 

the final model "Road Classification - divided one way or divided two way" and 

'4Primary Event - struck object or sideswipe." The model achieved a high rate of 

successful predictability, 80.9% overall, with a lower rate for predicting Fatahty/injury 

(64.2%) than PDO (87.3%). This was a significant improvement over the original 

"complex" model, or the model that included all predictor variables that had a value of 

72.7% for overall predictability, 20% for Fatality/Injury, and 93.7% for PDO. The drop 

of 6.4% in predicting PDOs was more than compensated by the 8.2 increase overall and 

the 44.2% increase in predicting fatalities and injuries. 
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7 Chapter 7 

SPATIAL ANALYSIS FOR DETERMINING HAZARDOUS 

LOCATIONS 

7.1 INTRODUCTION 

Traffic analysis usually examines particular locations that have been identified as 

hazardous when compared to similar locations. Once identified as such, the site is studied 

to determine if reengineering is required (Hauer, 1996). Using such formulae as the rate 

quality control method (Hummer, 1994), sites are compared to one another to determine 

whether the collision rates at any one location exceed a predetermined statistical level, 

usually the 95% confidence level. While this procedure compares sites in a holistic 

fashion, it does not examine the spatial distribution of hazardous sites. Examination of 

the results in tabular form does not give any indication as to whether hazardous locations 

are situated in one place or spread out randomly in the study area. Uncovering spatial 

patterns in the data can provide additional knowledge regarding the characteristics of 

traffic collisions. 

The statistical technique of spatial autocorrelation is one method of determining and 

quantifying spatial patterns in the data. This procedure is known as 'global' (there are 

local indices but they are not applicable to this study) in that it returns one value for the 

study area indicating randomness, uniformity, or clumping in the spatial distribution of 



188 

the data (Griffith, 1987; Ebdon, 1985). This analysis will extend the usefulness of spatial 

autocorrelation by examining change over time. Previously, this research hypothesized 

that not only do traffic collisions exhibit spatial variation but also temporal variation. 

This chapter will also examine the coincidental change in both dimensions. 

7.2 METHODOLOGY 

Spatial autocorrelation traditionally compares values of a variable assigned to areas and 

determines if the distribution of the variable is random, clustered or uniform. Each area is 

coded individually and "joins" which are numbered, connect adjacent areas. Each area 

also has a value assigned to it that corresponds to the value of the variable of interest. 

Figure 7.1 illustrates a typical example of a spatial autocorrelation problem. 

Figure 7.1: Spatial Autocorrelation 
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The areas are indicated by the capital letters and the links are numbered. Variable values 

are placed within circles to distinguish them from the join numbers. A coefficient, 

Moran's I is developed that ranges from -1 to 1. The expected value of I (Ei) under the 

null hypothesis is found using the following formula where n is the number of areas. 

The test statistic, or Moran's I is developed from the following equation: 

j _ X(C)C*, ~ x)(Xj - X) 
J 2X* - x) 

where: I = Moran's spatial autocorrelation coefficient 
n = number of areas 
J = number of joins 
x = value for the area 
x = the mean of all values of* 
x\ and Xj = values of x on either side of a join 

Two significance tests are possible, one under the assumption of normality and the other 

under the assumption of randomization. Ebdon explains the two assumptions: 

"Normality. The null hypothesis is that the observed values of the variable 
x are the result of taking n values at random from a normally distributed 
population of variables. 

Randomization. The n values of the variable are taken as given, but the 
particular spatial arrangement of these values is considered in relation to 
all the ways in which the values could possibly be arranged within the 
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study region. The question asked is: 'given the particular set of values of 
x, what is the probability that they could have been arranged in the 
observed way by chance? "' 

(Ebdon, 1985; p. 156) 

Each test requires converting Moran's I into a standard normal deviate or z value and 

then comparing this to the two-tailed critical value of 1.96 for a significance level of 

95%. 

The equations for the standard deviation (ai) required to find the z value are different for 

each assumption. The formula for the standard deviation under normality is: 

<X, = 
' 11 J2(H2-I) 

where values are the same as for Moran's I with the exception of L which is the number 

of areas that an area is joined to. The equation for the standard deviation under the 

assumption of randomization is more intensive than for normality. It is as follows: 

n[j(n2 + 3-3/^)+3.72 - n I1L2 ]-k[J(n2-n) + 6J2-2nfjF] 
J2(n-l)(n-2)(n-3) 
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where all values are as before with exception of k which is the kurtosis of the variable x. 

The equations for expected values and standard normal deviate are the same as already 

presented. The relationship of Moran's I to E¡ can be expressed graphically as in Figure 

7.2. 

dispersion 

< 

Ei clustering 

• 

Source: Ebdon. p.157. 

Figure 7.2; Moran's I 

+ 
zero 

This procedure has been used in the present research in a slightly different manner as it 

has been applied to a network, and has been collected over time. 

7.2.1 ACCOMMODATING MORAN'S I TO A NETWORK 

Traditionally, spatial autocorrelation is used to discover patterns in contiguous areas, as 

in the previous example. However, this research is concerned with the spatial pattern of 

intersections, represented by points. Spatial autocorrelation can accommodate points, but 

only as they exist on a plane or surface, where the interaction between all points is 

analyzed with the aid of some form of weighted distance factor (Ebdon, 1985). This 

technique assumes that the phenomenon under study acts across space evenly, which is 
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not the case with a network. As the intersections lay on a network through which 

automobiles travel, it is necessary to constrain the analysis to this network, and, as it is 

not possible to know where a vehicle may turn off and change directions, only 

neighbouring intersections would be taken into account. Thus, the original form of spatial 

autocorrelation will be used, with the roadways substituting as links, and the intersections 

(points) and colusión frequencies will take the place of areas (Figure 7.3). As topology 

and connectivity is of importance, and distance between intersections is not, the 

assumptions of spatial autocorrelation are not compromised. 

A search of the literature shows only one other use of spatial autocorrelation applied to a 

network and its attributes. This work, however, dealt with attributes attached to the links, 

or stretches of road between the intersections, not the nodes, or intersections. However, 

the research (Black, 1992; Black, 1991) does prove the efficacy of spatial autocorrelation 

as applied to a network, or as Black has termed it "network autocorrelation." 

In addition to this modification of spatial autocorrelation, a number of autocorrelations 

will be performed over the time frame of 4 hour segments for one week, giving 42 

different solutions. The time series of Moran's I values will be examined for temporal 

change. 

7.2.2 DATA ISSUES 

The data used for spatial autocorrelation consists of adjusted frequency of collisions at 

each intersection. As fatal, injury producing, and property damage only collisions are 
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aggregated it is necessary to compensate for the difference in severity. The data was 

normalized by using a factor of 95 for each fatality and 3.5 for each injury (Hauer, 1996; 

Figure 7.3: Modified Spatial Autocorrelation Example 

Deacon et al, 1975; Tamburri and Smith, 1970). While it is ethically and morally difficult 

to evaluate the cost of fatalities, this method is considered an improvement over allowing 

each collision to stand for one regardless of the outcome. The result is frequencies in 

EPDO (Equivalent Property Damage Only), which then will aid in promoting 

intersections which may have high severity but perhaps lower total frequencies of 

collisions. 



194 

7.3 SPATIAL AUTOCORRELATION RESULTS 

After performing the spatial autocorrelation routine, the Moran's I values were examined 

and they showed a temporal trend similar to traffic volume. Table 7.2 contains the 

Moran's I values and their associated significance values under both normality and 

randomization assumptions. Moran's I values vary from a low of 0.02 to a high of 0.32, 

indicating a change from nearly random to slightly clustered. All values achieved 

significance over the 95% confidence interval for the randomization test; however, the 

two lowest values did not exceed 1.96 under the normal hypothesis. As they scored 0.03 

and lower for Moran's I, this is to be expected. Graphing the data indicates a temporal 

fluctuation that follows the diurnal pattern as can be seen in Figure 7.4. Monday evening 

runs counter to the series, having higher values indicating clustering. Saturday evening 

also spikes upward toward clustering, in opposition to the normal evening low values. 

Figure 7.5 shows the Moran's I time series compared to the traffic flow time series. The 

traffic flow was aggregated into the four hour time segments used to generate the 

Moran's I values. Time lines are placed at the end of each day to assist in interpreting this 

graph. There is a high correspondence between the two series with the exception of 

Monday evening - Tuesday morning as previously noted. Also of interest, is the apparent 

shift that occurred over the weekend. Friday night/Saturday morning and Saturday 

night/Sunday morning have their flows and Moran's I shifted to the right, indicating a 

tendency for later activity. Evening collisions are of a more random pattern than the 

daytime collisions. The daytime pattern suggests a higher frequency of collisions on 

major arteries during the day, especially over rush hour where it would be reasonable to 

assume a more clustered pattern. 
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Table 7.1: Moran's I Values for Traffic Accident Frequencies 
(note shaded values art not signifient atthe 95% confidence Interval)  
Dav & Time Moran's I Z Normal ZRandom 
mon 0000-0359 0.029398438 1.396911020 8.144379701 
mon 0400-0759 0.048739467 2.293483110 8.166566159 
mon 0800-1159 0.204819333 9.528716161 32.388300210 
mon 1200-1559 0.233192849 10.843997900 35.348773830 
mon 1600-1959 0.154920051 7.215586726 23.446547670 
mon 2000-2359 0.184617474 8.592239441 32.355979580 
tue 0000-0359 0.278388935 12.939106150 41.138813630 
tue 0400-0759 0.269593497 12.531385130 40.039282690 
tue 0800-1159 0.236476200 10.996200850 36.403576340 
tue 1200-1559 0.201991043 9.397608037 30.835964220 
tue 1600 -1959 0.224554982 10.443581240 33.814229660 
tue 2000-2359 0.269374397 12.521228530 39.831034310 
wed 0000-0359 0.044584292 2.100865961 7.914254864 
wed 0400-0759 0.286627570 13.321016050 42.791449380 
wed 0800-1159 0.317488143 14.751587730 46.960824780 
wed 1200-1559 0.302457151 14.054811570 45.080518210 
wed 1600 -1959 0.228931706 10.646468520 34.722219910 
wed 2000-2359 0.111353539 5.196018914 19.363989890 
thu 0000-0359 0.051392093 2.416448138 9.749931787 
thu 0400-0759 0.237367580 11.037521620 35.495361860 
thu 0800-1159 0.209112431 9.727726864 32.252144670 
thu 1200-1559 0.142698584 6.649048795 21.871956000 
thu 1600 -1959 0.266629022 12.393964060 40.031630120 
thu -2000-2359 0.263100092 12.230377070 38.844010810 
fri 0000-0359 0.049370087 2.322716082 7.862128305 
fri 0400-0759 0.297401752 13.820463680 44.359091120 
fri 0800-1159 0.256636679 11.930759330 40.070990480 
fri 1200-1559 0.200921251 9.348016810 30.550594270 
fri 1600 -1959 0.211702692 9.847800899 31.941065650 
fri 2000-2359 0.098056557 4.579624465 16.239651660 
sat 0000-0359 0.115096772 5.369540122 20.709406850 
sat 0400-0759 0.032021718 Í .518515686 5.700944331 
sat 0800-1159 0.158156308 7.365606546 25.470411860 
sat 1200-1559 0.169230536 7.878963054 25.773759510 
sat 1600 -1959 0.193552423 9.006427635 29.639556220 
sat 2000-2359 0.078375416 3.667286173 13.615617170 
sun 0000-0359 0.171713274 7.994052787 31.824704970 
sun 0400-0759 0.060299139 2.829342877 17.426293160 
sun 0800-1159 0.261582377 12.160021920 38.734563480 
sun 1200-1559 0.203385762 9.462261608 31.205897320 
sun 1600 -1959 0.136122263 6.344197052 21.651185510 
sun 2000-2359 0.092388671 4.316884146 17.143015510 
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.4 

Day & Time 

Figure 7.4: Moran's I Time Series 

A cross-correlation was run between the two time series of Moran's I and traffic flow so 

that the two may be compared in a quantifiable manner. Figure 7.6 shows graphically the 

results of this procedure. Vertical lines are placed at every sixth interval, corresponding 

to each day in the series, as each segment represents a four-hour time segment. 

Obviously, the highest correspondence is at the zero lag, but the fact that the coefficients 

are at their highest for every sixth lag shows the two series to be well correlated. Lags 0, 

6, -6, 12, and -12 are all significant at the 95% confidence level. 
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Accident rates are also used as variables in the spatial autocorrelation. Rates differ from 

frequencies giving a slightly different viewpoint of where and when collisions occur. 

Frequencies can be high due to a high amount of traffic, if this is true, the site may 

require a change in traffic flow to lower the collisions. Rates can be high as a 

consequence of low traffic flows and must be considered carefully as remedial action 

may be taken to alleviate only a few collisions (Hauer, 1996). Figure 7.7 shows the 

Day & Time 

Figure 7.5: Moran's I and Traffic Flow 
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relationship between collision rates and traffic flows. Hauer suggests that frequencies are 

best used as indicative of where efficient improvements can be made to the probability 

and/or severity of collisions and that rates indicate where risk is too great. With this in 

mind, rates are included for analysis. 

I with FLOW 

Confidence Limits 

Coefficient 
-4(/ -30 -20 -10 0 10 20 30 VO 

-35 -25 -15 -5 5 15 25 35 

Lag Number 

Figure 7.6: Cross Correlation of Moran's I and Traffic Flow 

The following standard civil engineering formula for spot rates was used: 

1,000 ,000 A 
RSP = 

365 T * V 
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where: A = Accidents 

T = Time (in years) 

V = Volume 

RSP = Accident Rate for Spot Locations 

This number, RSP, is the rate of collisions per 1 million vehicles and is considered 

exposure to risk (Hummer, 1994). As the time-frame used in this study is in four-hour 

segments (six times a day), 36571 is also multiplied by 6 to compensate for the time 

factor. 

Collision Rate 

Traffic Flow 

Day & Time 

Figure 7.7: Collision Rates and Traffic Flows 

Comparing collision rates and Moran's I (derived from frequencies) produces a graph 

very similar to Figure 7.7 only with the scale changed. Rates increase as Moran's I 
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decreases. This relationship was expected. To understand the relationships better, a series 

of maps were created that are easier to interpret. 

7.4 MAPPING SPATIAL DATA OVER TIME 

The previous graphs indicate that a particular pattern exists in the data, however it is 

difficult to interpret the results without recourse to visual aids such as mapping. This 

section will present a number of maps that will show where the hazardous locations exist 

and when. A large number of maps will be included as they are necessary to show 

temporal change as well as to compare and contrast the spatial and temporal patterns of 

collision frequencies and rates. 

7.4.1 COLLISION FREQUENCIES 

The rush hour cycles have the highest Moran's I values, even though there are more 

collisions distributed across the city. The maps indicate clustering in the downtown core, 

along the major southern corridor (McLeod Trail, located in the center of the southern 

half of the city), Deerfoot Trail (the major north-south corridor along the eastern side of 

the city), and along several other major roads. This corresponds to the tunneling effect of 

traffic from collector roads in individual communities to the major corridors leading 

downtown. As so much traffic is directed into these major arteries, it is no surprise that 

high collision frequencies are found along these routes and that where they cross is where 

the highest values occur. 
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Late evening, early morning hours have a more random pattern. There are less collisions 

overall, an artifact of less traffic. The intersections with high values tend to be dispersed 

across the city and the major roads still are areas where the collisions occur. The higher 

values are fewer and there is less variability in frequency counts, all of which lead to 

lower Moran's I values and a greater degree of randomness. 

The Moran's I for total collisions at 0.385238 is highly significant (greater than 99% 

confidence) for both assumptions. This value indicates a tendency towards clustering 

which is apparent when viewing the mapped data. Figure 7.8 shows collision frequencies 

at all intersections. Several patterns are noticeable, the first being the concentration of 

collisions in the downtown core (circled area). The thick black lines indicate the 

concentration of collisions along three of Calgary's major arteries. Other major routes are 

also noticeable due to higher concentrations of collisions at their intersections. There is 

also a tendency for collisions to decrease with distance from these major routes. Smaller 

clusters of intersections with moderately high collision frequencies exist further away 

from the core and are indicated by circles. Hauer's caution that high frequencies are an 

artifact of high traffic flows becomes readily apparent when viewing this map. 

7.4.2 COLLISION RATES 

Collision rates provide a different perspective on the spatial and temporal distribution of 

collision data in Calgary. After performing spatial autocorrelation on rate data, it was 

discovered that the Moran's I values remained close to zero for the entire week, with Uttle 

variation. In many cases significance was not achieved as the data could not be 



Figure 7.8: Collision Frequencies -Totals 
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considered significantly different from zero, or completely random. This appears to be 

due to the rates acting like a smoothing filter. When frequencies are high, so is traffic 

flow, so the rate becomes lower, however, flows drop quickly in the evening, causing 

high rates even with low accident frequencies. This is just as Hauer predicted (1996). 

Examination of the maps (Figures 7.10 through 7.95) showed this random distribution of 

collision rate. Saturday night, Sunday morning, have a number of locations with higher 

collision rates as do Friday night, Saturday morning. Early Friday morning is quite an 

anomaly with many sites exhibiting high rates. Sites with higher rates are fewer in 

number than those with high frequencies and they are much more dispersed across the 

city. These sites were examined further by comparing the frequency and rates maps. 

When viewing the total colusión rates for the week (Figure 7.9), the downtown core still 

shows a heavy concentration of sites, although none of them has high values. Moving 

away from the core, the pattern becomes increasingly dispersed. The major arteries still 

have a number of sites with higher values, but the concentration is less than with 

frequencies. Sites with relatively higher values are much more dispersed in this map, 

more random in distribution, but still have a tendency to occur on major arteries. Sites 

with relatively moderate collision rates are dispersed much more randomly and are 

frequently located in residential areas, no longer being confined to major arteries, as were 

collision frequencies. 



Figure 7.9: Collision Rates - Totals 
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7.4.3 COMPARING FREQUENCffiS AND RATES 

Comparing the maps of frequencies to those of collision rates shows the inverse 

relationship between the two. During the daytime hours, frequencies increase rapidly 

while rates diminish. The magnitude of collision rates also increases during the evening. 

It is possible to see the 'smoothing' action that dividing frequencies by traffic flow has. 

The reduction of even very high frequencies is evident during the day at intersections 

with high traffic flows. 

One way to make sense of this disparate information is to follow Hauer's suggestion and 

use more than one criteria when choosing hazardous locations. Hauer names these 

locations "Sites With Promise" (SwiP) as they represent locations that should show the 

greatest improvement from remedial action. In order to select SwiPs, the following 

criteria were used: 

• The standard deviation of collision frequencies, by four-hour time segment, was 

determined and all intersections with values over three standard deviations 

(outliers) were selected. 

• The standard deviation of collision rates, by four-hour time segment, was 

determined and all intersections with values over three standard deviations 

(outliers) were selected. 

• The selected sites were compared, and those that have outliers for both the above 

criteria were chosen. 
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Figure 7.11: Collision Ralnfor Monday at 00:00 to 03:59 
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Figure 7.19: CoUiiiiin Ralei for Monday at 16:00 to 19:59 
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The selected sites are shown in Figure 7.94. Some sites matched the criteria more than 

once, as they matched the criteria for more than one time period, therefore a proportional 

symbol is used to display the relative differences. The stars indicate fatal collisions, and 

only two SWiP's include fatalities. The two sites with the highest values are both located 

in southern Calgary and are intersections of expressways. To further understand these 

locations, a micro-level study will be performed on the two sites with the most totals of 

high coincident frequencies and rates. 

7.4.4 MICRO ANALYSIS 

The two locations in Figure 7.94 chosen for further analysis are (1) Deerfoot Trail and 

Glenmore Trail, and (2) Macleod Trail and Anderson Road. One way to analyze these 

intersections is to plot both collision frequency and rates in a time series graph. This is 

relatively simplistic and does not add to what we already know. Another technique is to 

use a formula devised for comparing like intersections to each other in order to determine 

the most hazardous site amongst the group. This procedure, the rate quality control 

method, can only utilize rates and should be only used with groups of similar 

intersections. 

The rate quality control method can be used to examine one location over the forty-two, 

four-hour time segments. This procedure is a variation of the classical statistical method 

that identifies all locations from a group that exceed a certain confidence level, usually 

90, 95, and 99%. The rate quality control method differs from the classical statistical 

method in three main ways: 
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Sites With Promise 

1:162,392 

Figure 7.94; Sites With Promise 
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• "It applies only to accident rates, not frequencies. 

• It assumes that the number of accidents at a set of locations follows a Poisson 

distribution. 

• It compares the rate of a particular location to the mean rate at similar locations 

rather than all locations." 

(Hummer, 1994; p. 205) 

The formula is as follows: 

Where: OBRi 

XS 

V1-

K 

The value for K shall be 1.645, corresponding to a 95% confidence level (one-tailed test), 

and, as stated earlier, instead of comparing a group of similar intersections, the same 

intersection will be compared to itself over time. This searches for rates that are over 

three standard deviations above the mean, hence the inequality sign in the equation. 

OBR, >XS + K 
0.5 

+ IV1 

= accident rate observed at location i 
= mean accident rate for locations with characteristics similar to those of 

location i 
= volume of traffic at location /, in the same units as the accident rates are 

given 
= constant corresponding to a level of confidence for the finding. 

(Hummer, 1994; pp. 204-205) 



251 

40 

30 J 

Day & Time 
Figure 7.95: Micro-Analysis of Intersection of Glenmore & Deerfoot Trails 

Figure 7.95 graphs the classical statistical value and the rate quality control value against 

colusión rates over time at the first intersection (Glenmore and Deerfoot Trails). It is 

obvious in the graph that the rate quality control method (green line) is much more 

sensitive to fluctuations in the trarrle flow and collisions rates than the classical statistical 

method (blue line) which sets one criterion for the entire week. The rate quality control 

method has the further advantage of adjusting to the temporal fluctuations instead of 

developing one statistic for comparison. Anywhere that the collision rate (red line) 

exceeds either the quality control or classical statistical value is an indication of time 

periods when the intersection is deemed overly hazardous, relative to itself. The rate 
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quality control method was replicated at a 99% confidence interval resulting in only a 

very minor shift upward of the rate quality control values. Due to the rate quality control 

method's advantages it will be used for deteiniining times of increased risk at the selected 

locations. 

Every time the rate quality control value is exceeded to a large degree by the observed 

value is during late evening and early morning. The afternoon rush hours, especially on 

Tuesday, Wednesday, and Friday also exhibit peaks, but all are relatively smaller. The 

three largest spikes that also exceed the classical statistical method also occur during the 

late evening, early morning hours. 

In contrast, intersection 2, Anderson Road and Macleod Trail (Figure 7.96), appears to be 

erratic, with more variation in the rate quality control values. There are two late 

evening/early morning times when the collision rate remains relatively low. Also, the 

afternoon rush hours for Tuesday, Wednesday, and Friday exhibit relatively higher 

collision rates, with Monday's rush hour coming close to crossing over the quality control 

line. The three highest peaks that exceed the classical statistical method as well, occur 

during the late evening and early morning hours, similar to intersection #1. 

It would appear that, for the most part, intersection #1 (Glenmore & Deerfoot) is 

operating quite well and handling the higher traffic flows without an undue amount of 

collisions. However, the late evening, early morning peaks of high collision rates may be 

interpreted as due to driver error and speeding more than engineering defects. The 
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overcapacity of these expressways at these times will act as an inducement to travel at 

higher speeds. Therefore, the best remediation for these areas will be to increase traffic 

surveillance during these hours. A test with photo radar or a radar equipped police car 

would make an interesting experiment to determine the validity of this hypothesis. 

Collision Rates 

Quality Control 95% 

Classical 

Day & Time 

Figure 7.96; Micro-Anarvsis of Intersection of Anderson Road & Macleod Trafl 

Intersection #2 (Anderson Road & Macleod Trail) as differs from intersection #1 in that it 

achieves hazardous values more often and during daytime rush hours. It is possible that 

this intersection requires re-engineering as well as increased enforcement The 



254 

intersection has undergone rebuilding and has been changed from a Ughted intersection to 

an interchange, with Anderson Road crossing over Macleod Trail. The construction 

began after the time frame of this study, but an interrupted time series experiment based 

on a before and after construction design would yield important data as to the safety of 

the new design. 

Using the structured query language (SQL) capability of the GIS, the database was 

searched for collisions pertaining to these two sites. This data is presented in Table 7.3; 

the numbers in parentheses are the amount of collisions that occurred between 9:00 pm 

and 3:00 am. Both sites have experienced a large number of collisions with each location 

having fatal and injury collisions where speed was involved. Over half the speed related 

fatalities occurred during the late evening/early morning hours and a little over 21% of 

the speed related injury collisions happened during these hours as well. Just over 21% of 

all speed related collisions take place during the late evening early morning hours 

representing a substantial portion of the speed related collisions. This, of course, is reliant 

on the accuracy of the police reports and only represents a small amount of the speeding 

drivers as many manage to avoid collisions. Speed related collisions represent almost 

13% of the total amount of collisions recorded. 

Table 7.2; Collision Data for Micro-Analysis 

Intersection Total 
Collisions 

Speeding Speeding 
& Fatal 

Speeding & 
Injury 

Glenmore & Deerfoot Trails 783 106Í25X 6 (4) 33 (9) 
Anderson Road & Macleod Trail 450 50(8) 4 (2) 19 (2) 
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Speed can be seen as an important contributing factor to collisions, but it is also only one 

of many factors, the others being fatigue, impaired driving, and the effect of 

overcapacity. Increased police surveillance may aid in lessening the effect of speed on 

collision frequencies and severity, especially if resources are deployed where and when 

speed related collisions occur. The methodology presented in this thesis will prove 

invaluable for allocating these resources. 

7.5 DISCUSSION 

This chapter has brought together temporal and spatial analysis into a step-by-step 

methodology for identifying and analyzing hazardous locations. The mapping and data 

handling capability of GIS has facilitated this work and made visual representations of 

the data in the form of thematic maps readily available. This, in turn, has made it possible 

to explore collisions over the entire area of a large city. The concentration of collisions 

along major arteries is seen as an artifact of not only the obvious, high traffic flows, but 

also of the modern urban design of Calgary which relies on large isolated communities 

bounded by, and connected by major roads. It would be fruitful to compare this design 

against other cities that rely on other configurations such as the gridiron pattern. 

The temporal dimension has presented a deeper understanding of the dynamics of traffic 

collisions, especially as they relate to traffic flow, or capacity of the roadway. The 

database management capabilities of GIS made it easy to extract pertinent information 

regarding collisions, severity, speeding, and time and place of occurrence. This 



256 

methodology may be used for allocation of resources (police or financial, as in re-

engineering) just as it will also aid further research. 

Collisions occurring during the late evening/early morning hours can be studied to 

determine the role of such factors as fatigue, impaired driving, and the effect of 

overcapacity. The latter factor can be considered an inducement for the driver to increase 

speed as the road is relatively free of traffic. In the case of expressways and major routes, 

there would be multiple lanes, most likely divided, with wide shoulders and few if any 

sharp bends in the road. This hypothesized enticement to drive faster is consistent with 

Risk Homeostasis Theory as the level of risk would be perceived as less, so one way the 

driver could compensate would be to increase speed. Further research into this area 

would be fruitful in understanding more about Risk Homeostasis Theory as well as driver 

perceptions and behaviour. 

7.6 CHAPTER SUMMARY 

This chapter explains how spatial autocorrelation can be used for the analysis of traffic 

collisions by merely adapting the technique to values ascribed to nodes and using the 

links of the network as "joins" for the spatial autocorrelation. Temporality was 

introduced to the study by repeating this procedure over time, specifically for 4-hour time 

segments over a week, forty-two in all. The data resulting from the spatial 

autocorrelations was then analyzed as a time series to determine if there were regular 

temporal patterns in the data. 
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This statistical technique coupled with mapping provided a great deal of information that 

aids in the selection of hazardous sites. Once certain sites are selected, a modification of 

the rate quality control method was used to analyze chosen sites in detail. This procedure 

assists in determining if the location is hazardous at most or all times, indicating the 

probable need for engineering remediation, or if the location is hazardous only at certain 

times, which might be better managed with police intervention techniques. Lastly, the 

database was queried to retrieve specific data for each selected location to enhance 

decision-making. 
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8 CHAPTER 8 

CONCLUSION 

8.1 INTRODUCTION 

The relationship between speeding and accident occurrence has been thoroughly 

investigated in the present research within the confines of the available data. That no 

particularly strong relationship was discovered between speeding and accident causation 

coincides with the findings of other researchers (Rothe, 1994; Knowles et al, 1997). 

Speeding has been claimed to explain approximately 15% of trarrle collisions (Kloeden et 

al., 1997; Lui and Popoli, 1996; Bowie and Waltz, 1994 ) although it has not been 

explicitly stated whether this means that 15% of all accidents are caused by speeding or if 

speeding contributes 15% to the explanation of all accidents. It is quite possible that of all 

accidents where speeding was a factor, its contribution was 15%, which lowers its overall 

involvement even more. This paper focused on those collisions where speeding is 

considered a factor, and furthermore, where it might cause an increase in accident 

severity. It was unfortunate that the dataset provided by the City of Calgary police 

services did not include information regarding impaired driving as that may have a strong 

relationship with speeding and colusión severity. It will need further research to 

determine if this is so. 

Exploring both the spatial and temporal dimension of traffic collisions has provided some 

interesting insights and has shown that the available data can be utilized in more 
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unconventional ways. The search for coincident hazardous locations in time and space 

allows traffic safety experts to view these locations in a different light, one that may 

suggest other remedial actions than re-engineering an already well-designed intersection. 

8.2 DISCUSSION 

Many social theories were put forth in the second chapter, of which it is beyond the scope 

of this paper to prove or disprove in a definitive fashion. In many cases it is not the 

question of which theory is correct as much as which theory is most appropriate for the 

particular question asked. The purpose of this extensive review was to set the stage for 

subsequent research and inform the reader as to the many ways in which this 

phenomenon could be understood. 

The question of deviance is important in order to understand the difference in perception 

between the criminal justice system, traffic safety experts, civil engineers, automobile 

manufacturers, government regulatory bodies, and the drivers themselves. Deviance 

theory aids in understanding the prevalent attitude of blaming the driver for the majority 

of collisions and the somewhat single-minded conviction of the criminal justice system in 

managing road safety simply through the enforcement of speed limits. It may also help to 

explain the fact that so many drivers continue to speed despite media and police 

campaigns to eradicate this behaviour. Furthermore, deviance theory helps to understand 

why so many drivers feel they are better than average drivers, as witnessed by self-

assessment surveys, and yet they still speed. 
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Deterrence theory, as previously stated, is the theory which underpins the criminal justice 

system, and therefore, the activity of issuing speeding tickets and extracting fines as a 

form of punishment. Traffic cases represent between 50 and 70% of a magistrates' court 

time in Great Britain, with the majority of those being speeding tickets and in Ontario, 

there are over a million convictions a year under the Highway Traffic Act (Friedland, 

1990). Understanding the roots of this theory and its use throughout western countries 

helps researchers to appreciate how firmly entrenched surveillance and punishment is in 

the criminal system. Criticisms of deterrence theory shed Ught on new ways to approach 

the modification of deviant behaviour. 

Risk theories are the new concepts under which society is responding to possibly 

injurious activities. Risk is data driven and relies upon statistical analysis, the aim being 

prediction and avoidance. This runs counter to deterrence theory, which must allow the 

deviant act to take place so that it may be punished. Risk attempts to prevent the activity 

thus minimizing the damage that may occur. The risk paradigm is much closer to the 

solutions proposed by this paper. Risk is not without criticism however, as many of its 

methods can be thought of as coercive and tend to encroach upon civil liberties. 

The data were examined for inconsistencies and error with the result that some variables 

were removed. Those records that remained were compared to each other and a number 

of relationships became apparent. From this work, several hypotheses were put forward 

to be explored. One of these asks whether or not speeding will associate with a number of 

variables in a multivariate dataset. That speeding did not create any strong associations 
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was one of the more important findings in this paper. It was possible to quantify the 

relationships between variables, however, only two variables remained as significant, 

road classification (undivided one-way and undivided two-way) and primary event 

(striking object and sideswipe). These remaining variables were the best predictors as to 

whether a collision results in a PDO or an Injury/Fatality. This result still does not 

address the issue of causation and that remains to be resolved. 

Other questions were better dealt with by the spatial and temporal analysis. The 

difference between day and night was not a significant factor in the logistic regression, 

however, it did become a factor in the temporal analysis of traffic collisions occurring at 

intersections. The colusión frequency fluctuated with the traffic flow as expected. Thus 

more collisions occur during the peak traffic "rush hours" during the day than the 

relatively quite evening and early morning time periods. When viewed as collision rates, 

the reverse occurs and high rates appear in the late evening and early morning hours. 

There are definite locations that have both high collision frequencies and high collision 

rates imparting a definite spatial component. Applying the technique of spatial 

autocorrelation indicates that the configuration of the spatial pattern has a regular 

temporal dimension. This research also indicates that the spatial and temporal component 

do indeed vary coincidently and in conjunction with the diurnal cycle. 

Drawing upon these results, locations indicated as hazardous were studied in greater 

detail by comparing the frequency and rates of collisions over a weekly cycle to see if 
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particular times were more hazardous than others. The two locations chosen for 

microanalysis resulted in two different considerations. The first location, a large 

interchange did not express a great deal of risk during peak hours, which causes one to 

draw the conclusion that its design was operating efficiently and further re-engineering 

may not result in any improvement in the collision numbers. If it is believed that 

collisions occurring during off-peak hours might be related to over-capacity and its 

inducement to greater risk taking, so then re-engineering might even have the perverse 

effect of increasing the collision rate. The second location was much more random in the 

distribution of hazardous indices over the week, indicating that perhaps this intersection 

was not operating correctly and required re-engineering. In actual fact, this intersection 

has now been rebuilt as an overpass and interchange. It would be interesting to study this 

site in a few years time to see if the new design has reduced the risk of accident 

occurrence. 

That risk increases during the late evening and early morning hours indicates a certain 

social influence behind the reason for the journey and the frame of mind of the driver and 

occupants. The majority of the motor vehicle journeys at these hours are social in nature 

as very few are working during these hours. Impaired driving is implicated as many of 

these social activities include consumption of alcohol at various gathering places, bars, 

clubs and parties. That the impaired driving information was withheld is unfortunate as 

the validity of this conclusion is merely speculative at this point and will require further 

research. The results found here are certainly compelling enough to justify exploring this 
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important issue in greater detail. Furthermore, the role of fatigue may also play an 

important role during these late hours. 

The methodology presented here can be used to determine a number of important factors. 

It aids in the analysis of 'Sites With Promise' as Hauer expresses them (1996). It also 

allows the traffic expert to study further selected sites to determine if they are hazardous 

at particular times or perhaps hazardous regardless of the time of day. Ifthe latter is true, 

then remedial engineering may be the answer. Both of the locations studied would benefit 

from increased surveillance, however, the location that has a regular temporal pattern to 

its risk index may respond more positively to police intervention. Both remedial activities 

would serve the public by reducing collision frequency and severity. 

8.3 FIJTURE RESEARCH 

Like all good research, this work leads to more questions and sets the stage for further 

research projects. Specifically, the methodology set forth here can be used to study the 

"migration" hypothesis. The holistic approach, recording data for the entire urban area, 

would indicate if collisions move from one location to another after remediation. This 

approach would add to this hypothesis by being able to determine if migration occurs 

over the temporal dimension as well as the spatial one. 

Following Hauer's recommendation, using several criteria to determine Sites With 

Promise, GIS could quickly compare several layers, each with the variables Hauer 

discusses (1996). Once created, the database can be maintained by municipal government 



264 

traffic departments making continued monitoring of all intersections in the city a simple 

procedure. Automating this task within a GIS would provide municipal planners and 

researchers with an efficient methodology to determine hazardous locations and assess 

change resulting from re-engineering and traffic flow changes. It would be fruitful to 

compare the sites selected with this methodology to those determined by traditional 

means to see if similar sites are selected. 

Furthermore, future research could place police intervention at sites selected by this 

method, then monitor them to see if any positive change is forthcoming. If so, more sites 

could be chosen for expanded surveillance. An advantage to this procedure is that it 

provides not only a methodology for selecting sites, but one for monitoring them as well. 

Comparing various cities with different road infrastructure would also provide new 

information for the traffic analyst. Very little research has been performed to determine if 

suburban design can influence the safety of the road network. As mentioned previously, 

Calgary, the site of this study is a modern city with a hierarchical road network; however, 

many other cities have different patterns. Most notable is the older gridiron design which 

many cities still have to a high degree. Inner city areas in Calgary still have this design to 

some extent. To be able to quantify traffic safety resulting from neighbourhood design 

would be an important breakthrough for traffic and urban planners. 

The relationship between speeding and accident causation remains elusive. While this 

thesis tends to view this relationship as weak, there is not enough evidence yet to state 
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categorically that this is so. Further research in this area is important for traffic safety and 

designing safety programs. That speeding and impaired driving could not be compared is 

disappointing and must be left for future research. 

The idea brought forth that overcapacity can act as an inducement to speed is one that 

could be explored further. Many factors support this hypothesis, such as risk homeostasis 

theory, but it has not yet been fully explored. Information generated from such research 

would assist in the determination of speed limits and perhaps even lead to the institution 

of variable speed limits. Ifbehaviour modification is still seen as a major area for safety 

improvement, then understanding drivers' reaction to oversupply, or wide open well 

designed roads with little traffic would allow the safety expert to determine the efficacy 

of such remedial action. 

All of these future research projects would be well served by operating them within a GIS 

framework. Expanding the capacity of GIS to perform more intricate spatial statistics 

would increase the ability of this powerful methodology to the analysis of such large 

datasets. Temporality is still poorly dealt with by GIS at present and much work is 

required to be able to fully integrate this dimension into GIS's spatial framework. 

Delivery of GIS products over the internet is at the forefront of GIS research 

development today. Creating a website with user-friendly query commands could provide 

the average driver with important information. Just notifying a driver that a particular 

intersection is hazardous, and at what time it is dangerous, might be enough to achieve 
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the behaviour modification sought for by traffic experts. Would drivers heed this 

information and slow down at these sites? Again, future research could quantify the 

benefits of such a program. 

Planners could also make use of this work by using these methods to examine the safety 

aspects of various community and municipal road designs. With the increasing 

(xwrdination between city planners and transportation planners, it would be beneficial for 

planners to monitor the safety aspects of their different designs. Certain road designs are 

implicated as is the effect of traffic flow, both these factors can be influenced by planners 

to provide safer communities. 

Safety experts working in the field of psychology could benefit from applying concepts 

covered in this dissertation. As perception of risk is important to individuals' driving 

habits, it would be of great interest to study drivers' perceptions of risk during peak and 

off-peak hours. Drivers should be made aware that roads with little traffic and increased 

room for maneuverability tend to encourage drivers to drive faster. Once drivers are 

aware of the associated risks under Risk Homeostasis Theory they would be expected to 

modify their behaviour. Wilde's Risk Homeostasis Theory (Wilde, 1982a) suggests that 

the only way to change driving habits is to increase their perception of risk. 

The above represents just a few of the possible research initiatives that could be taken up 

by future projects. The maintenance of a municipal road accident database within a GIS 

would be of benefit to traffic safety experts. This is beginning to occur in some cities that 
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are maintaining large GIS data centers. It is hoped that such information will be made 

available for the researcher to explore and to experiment with. 

8.4 OBJECTIVES 

The primary objective of this dissertation, that of understanding the relationship of 

speeding to accident causation, has been met within the scope of the available data. That 

speeding, as an independent variable did not prove significant in predicting accidents or 

severity is an important finding. That speeding did not combine with other variables 

creating a more complex model of causation is also important. Improved measurement of 

many of the independent variables along with the inclusion of other variables, such as 

impaired driving, will bring such research closer to a definitive answer. 

The development of a methodology to examine the temporal dimension was completed. It 

was shown that this is an important aspect in understanding the nature of collisions. This 

work proved that there is a fluctuation over the weekly cycle and that is important to the 

understanding of traffic collisions. The increase in collision rates during off-peak hours 

was found to be substantial. Furthermore, the timing of these events can be interpreted as 

indicating socially motivated journeys, fatigue, and impaired driving as important factors. 

The encouragement of high-risk behaviour that unimpeded traffic flow offers drivers, as 

mentioned earlier, is an important finding. 

The integral role that GIS played in the organization and analysis of this research proves 

without a doubt the advantage that this methodology brings to such research. Being able 
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to store and manipulate data covering such a large spatial area as the City of Calgary 

facilitated such work as the spatial autocorrelation. Spatial autocorrelation provided the 

unique viewpoint of examining the entire road network. This holistic view, when 

extended through the temporal domain showed how the spatial distribution of collisions 

changes over the diurnal cycle. 

8.5 CONCLUSION 

This dissertation has explored traffic collisions in several unique ways that have not been 

addressed before. Previous work has not incorporated the temporal domain thus missing 

an important factor in traffic collision causation. The holistic view of examining collision 

over an entire city simultaneously has also not been done. Neither has spatial 

autocorrelation been used on a network in this fashion. Black's work led the way, but 

examined only links along one stretch of interstate highway. 

While not able to determine if speeding is a major contributing factor to automobile 

collisions, this paper has still fulfilled its goal of exploring this relationship to the extent 

that the data will allow. Multivariate analysis indicates that speeding is not an important 

predictor for determining accident severity, which is certainly a step towards greater 

understanding of this problem. 

This paper also proved that the combination of spatial and temporal perspectives is 

effective in determining the degree of risk that exists at intersections. Greater detail and 

more knowledge is obtained from such a view of these locations. A fortunate product of 
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this research was the development of a methodology that may be used to determine 

hazardous locations and identify particular times when risk of collision is high. Such 

knowledge can be used to deploy police resources to their maximum benefit if the 

reduction of collision frequency and severity is the aim of such intervention. The data 

determined from the micro level temporal analysis can be used to determine which 

remedial action may be most effective, redesign or intervention. The monitoring 

capability of this system would be able to determine if these remedial procedures did 

provide the beneficial response looked for. Data developed in this framework could be 

used to justify the allocation of funds or other resources to improve the road network. 

8.6 CHAPTER SUMMARY 

This chapter has revisited the entire thesis in a succinct manner, reiterating the major 

points uncovered by this research. It explains the major goals and discusses how the 

research project has met them. This chapter continues to discuss the possibilities for 

future research that this research has proposed. As not all questions could be addressed 

adequately within the scope of this thesis, there is much future work that could be done, 

much of it building upon and utilizing the techniques developed in this paper. 

The important role of GIS has been discussed and explained as it provides the organizing 

framework for this project. Future research in the area of GIS was also addressed, as any 

improvement to this important tool will also advance research that uses it. Suggestions 

were also made as to how municipalities could make practical use of the methodology 

developed in this paper. As with all traffic safety research, it is hoped that this research 



will result in less collisions and in the reduction of fatalities and injuries to all people 

involved in such collisions. 
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