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Abstract 

Driving ability may be adversely aEected by many medical conditions and many 

jurisdictions therefore allow for a restricted Iicense that permits driving under specified 

conditions. The objective of this retrospective cohort study was to evaluate restricted 

licensing by comparing "at-fault" crash and traffic violation rates for drivers with a 

restricted license to the general driving population and also to compare driving pre and 

post restriction. Following muhivariate Poisson regession, the adjusted IRR for "at-fault" 

crashes and traffic violations for restricted versus non-restricted drivers were 0.92 (95% 

CI, 0.89 to 0.95) and 0.87 (95% CI, 0.85 to 0.90) respectively. Interventional t ime senes 

analysis demonstrated a significant decrease in "at-fault" crash and trafic violation rates 

post imposition of restrictions. Reshicted Licensing programs are effective and Uow 

persons with decreased driving ability due to medical conditions to continue driving 

under specific conditions. 
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Chapter 1: Introduction 

In North America, motor vehicles have become so prevalent that driving has 

almost become a basic activity of daily living '. Due to efficient public transit systerns, a 

driver's license is ofien no t imperative for comunÏty mobility in urban areas. In 

conimst, dependency on being able to drive is rnuch greater in smaller towns and rural 

regions. Unfortunately, it is often the disabled who have the least abiliv to drive, 

secondary to their medical impairments. For some of these individuals, the ability to 

drive permits continued independent Living while loss of this ability might result in 

dependency and the need for increased community support. 

In some provinces and States, efforts have been made to provide restricted 

or conditional licenses for persons who have medical impairments that affect their driving 

ability 3. Restricted driver's licenses allow a person with a medical impairment to drive 

under specific conditions such as daylight hours only, or within a certain radius of their 

home. Compared to persons without medical impairments, those with medical conditions 

and £Ùll unrestncted licenses overall do have higher crash rates f However, the 

effectiveness of programs providing restricted licenses for persons with known medical 

irnpairments has not been previously evaluated. If restricted licensing is effective for 

decreasing crash and traffic violation rates, then there may be increased potential for use 

of this intervention in jurisdictions, such as Ontario, where full driver licensure is the 

only available option 

The first report of a traffic accident attributable to a seizure came as early 

as 1906~.  Since those early days, significant consideration &s been given to the impact 



of specific medical impairrnents and their effect on the ability to drive. Some of the more 

cornmon medicai conditions believed to affect driving include visual impairment, 

cognitive impairment, and conditions resulting in temporary loss of consciousness such 

as s e h e  or syncope 7. Other medical conditions such as cardiovascular or 

cerebrovascular disease may or may not have an effect on the ability to drive, depending 

on the degree of severity to which the individual is aEected In fact, guidelines 

7.9.10 provided for physicians re,oarding medical fitness to drive often make general 

recommendations that are difficdt to apply in patient specific situations. For example, 

foliowing head injury, the 'Thysicians' guide to driver examination", published by the 

Canadian Medical Association ', recommends that patients be "fidly evaluated", but does 

not speciQ what this evaluation might include. 

There are at least three important perspectives on the effect of medical 

impairments on an individual's ability to drive. The patient perspective concems the 

desire to drive in order to maintain independence in the community and the s ymbolic 

importance for the patient of the ability to drive and hold a driver's license 2. Second, 

society expects that the safety and interests of the public will supersede the desires or 

needs of the individuai to drive. The Canadian Medical Association supports this stance 

and stipulates for physicians that where the interests of the individuai driver and the 

safety of the public corne into confiict, the latter shodd take pnority ". The third, ofien 

less emphasised, perspective is that of the physician in his or her role with regards to 

detennining medical fitness to drive. Although the responsibility for issuing or revoking 

drivers' licenses rests h l y  with provincial or state agencies, in rnany jurisdictions the 

physician is legally required to report medicai conditions that rnay affect a patient's 



ability to drive 5v12. In this situation, physicians may be tmrn between their role as patient 

advocate and their responsibility to report a patient who may be medically unfit to 

drive? This situation is m e r  complicated by the fact mat available guidelines are 

often of Little assistance in determining or assessing medical fitness to drive at the 

individual level. - 

1.1 Literature Review 

1.1.1 The Driving Task 

The determination of medical fitness to drive is very difficult, since 

driving is a compIex, over-leamed ski11 14. Dnving involves physical, cognitive, and 

perceptual skills and abilities that are further influenced by past driving expenence, 

individual attitudes and behaviour ''*16. Dinering conceptual models of dnving have 

been proposed 15,16.17 , generaily in reference to specific impaired populations. Simms I6 

has proposed a perceptual information-processing model of the driving task for persons 

following stroke, in which visual attention and perception have been emphasised. A 

similar model had been previously developed for non-disabled drivers by Mihal and 

Barrett, and been positively correlated to motor vehicle accidents in commercial 

drivers18. Expanding on the elexnent of visual attention, more recent work has used a 

measure called the Usefid Field of View (UFOV) 19-21. This rneasure takes into account 

the functional peripheral vision of the driver while concentrating on the central driving 

task. Persons who have less ability to divide their attention have a proportionately 

smaller field of vision while drivuig and are therefore at greater nsk of missing 

environmental cues or signs that are necessary to make safe dnving decisions. Owsley et 



al l9 have prospectively shown that elderly drivers with impaired visual attention were 

much more Wely to be involved in motor vehicle accidents. 

The above models emphasise specific attn'butes highly involved in 

driving, such as visual aîîention and visual perceptual skills. Michon's mode1 " for 

conceptualisation of driving is unique in using a hierarchical structure, Michon describes 

three levels of decision making involved in driving: strategic, tactical and operational. At 

the strategic level, the highest level, decisions are made regarding planning for the 

driving task, such as the route, the impact of weather conditions and the time of day to 

travel. At the next level of decision making, the tactical level, the driver makes decisions 

about handling the vehicle such as the speed, following distance or passing The lowest 

level, the operational level, involves common driving actions such as bralàng, steering or 

dealing with impending danger. It is evident that decisions made at a hi$er Ievel will 

have an impact on the decisions or actions necessary at a lower level. For example, a 

driver who is involved in a crash while tailgating with icy road conditions might have 

been ab le to avoid the crash by a decision at the strategic level to not drive on icy roads. 

The crash May have also been avoided at the tactical level by a decision not to tail gate, 

or even at the operational level, if the driver had excellent car handling skiiis and supenor 

reaction times. Although this mode1 oids in the conceptualisation and understanding of 

driving as a complex task, it has not been validated lS. 

Galski et al '' have proposed the "Cybernetic Model of Dnving", which 

ernphasises perceptual and cognitive information believed to be important for driving 

following cerebral damage such as stroke or traumahc brain injury. This mode1 describes 

how environmental information is collected, processed and transformed into driving 



action. (Figure 1). AIthough this model was developed primarily for persons who had 

suffered cerebral damage, some of its key elements help clarify the large discrepancy in 

dnving ski11 between drivers with similar levels of injury. In the Cybemetic model; a key 

element is the "General Driving Program" which is the culmination of past driving 

experiences and driving education that Galski et al l5 describe as being '%bumed" into the 

central nervous system. Therefore for persons with new onset of medical impairments 

affecting the ability to drive, the amount and sophistication of development of the 

"General Driving Program has signïficant effect on current ability to drive. The 

"General Dnving Progam" is the background used for al1 driving situations, while a 

"Specific Dnving Program" represents the drivinp goal at hand. This element parallels 

Michon's model l7 since decisions regarding the driving task at hand are made such as 

route, adaptations to driving conditions and vehicle handling. This model h a  been taken 

beyond mere concep tualisation in that Galski et al l5 have attempted to develop a driving 

evaluation system. A pre-driver assessment battery was developed based on the 

Cybemetic model, with specific tests included to reflect individual elements in the model. 

Using the pre-driver assessment combined with a driving simulator evaluation, the 

authors have demonstrated that 93% of on-road driving performance, for persons 

suffering cerebral damage, could be explained using multivariate regression. 

To date, most conceptual models of driving have not been M e r  

developed or validated. Dnving is a complex task involvhg combined physicaI, 

perceptual, attentional and cognitive attributes. Medical impairnent at any level- 

psychological, physiological or anatornical- could affect an individual's ability to drive. 



Due to the complexity of the driving task and variability in driving skill level between 

individuals, predicting whether or not an individual is safe to drive rernains difficult. 

- - 

Figure 1: The Cybernetic Mode1 of Driving I5 

1.1.2 Effect of Impairment on Driving 

As can be seen fkom the different dnving models, drïving is a complex 

task invo lving multiple cognitive and p hysical skills. Medical Mpairments decrease the 

ability to drive by negatively affecting individual components or skill sets required for 

driving. Medical impairrnents affecthg driving rnay be broadly categorised into 

cognitive and physical impairments, as well as certain conditions resulting in sudden loss 

of consciousness. Elderly drivers are a special consideration, since many have multiple 

22.23 irnpainnents that alone or in combination may affect driving ability . 

1.1.3 Physical Impairment and Driving 

Physical impainnents that can affect driving ability include weakness, pain, 

restricted range of motion of joints, and loss of CO-ordination. Some specific examples of 

medical conditions are severe arthritis, h b  amputation, rnuscular dy strophy, 

polyneuropathy and spinal cord injury. Although physical impairments may be more - 



visible than cognitive or visuospatial impairments, this type of impairment is ofien the 

most readily accommodated when retuming patients to driving 2425. In many instances, 

simple struc& alterations to the rnotor vehicle may be sufficient to allow safe control 

24.25 when driving , whereas complex aiterations may be necessary for patients with spinal 

cord injury. In Michon's " driving inodel, physical impairment would only be involved 

at the operational (lowest) level where vehicle control and operation are of paramount 

importance. In fact, van Zomeren ' concluded that most researchers considered physical 

impairment, such as hemiparesis, as relatively unimportant for brain injured patients even 

at the operational level, when c o e t i v e  impairment also had to be taken into account. 

Similady, in the Cybernetic Driving Mode1 l5 physical impairments would have their 

primary effect at the cMotor Output" level, which once again represents a small 

proportion of this model. 

Another form of physical impairment that has sipificance to driving is 

sensory impairment such as vision, hearing or sensation loss. Clearly, environmental 

information is essential for safe vehicle operation, and it has been estimated that 90% of 

the information required for driving is obtained through visuai input 16. Vision itself, is 

distinct f?om visual perception, which is generaiiy considered a cognitive ability. 

Sensory input is the first component of "The Cybernetic model of Driving", although 

vision is not weighted more heavily than other sensory input such as hearing, 

proprioception or kinaesthetic sensations 15. Vision is assessed traditionally by static 

visual acuity measurement and by visual fields. The perceived importance of vision to 

driving is apparent in that al1 Canadian provinces require vision testing prior to attaining 

a driver's licence 26. Although visual requirernents Vary for different provinces and 



states, the Canadian Medical Association guidelines recommend îhat for a class 5, 

general licence (Appendix A), the minimum corrected monocular acuity should be 20/40 

with a niinimum visual horizontal fie!d of 120' '. Levy et al "have shown impaired 

vision to be associated with increased crash nsk and fatality and they have also 

demonstrated that state visual acuity testing progams for the elderly driver reduce fatal 

accidents. Owsley and Bal12' have established a link between eye health and visual 

fùnction, but have further determined that poor visual function and eye health do not 

necessarily c o n ~ b u t e  to increased crash risk "". The authors go on to hypothesise that 

drivers compensate for impaired visual function by self-restncting driving, such as 

driving only during daylight hours or in less complex traffic situations. 

1.1.4 Cognitive Impairments and Driving 

Although physical impairrnents and sensory imp airments can directly 

affect the ability to drive, research and public policy have been primarily focussed on 

cognitive and visuopercep tual deficits as they relate to driving 28J5. Cognitive deficits 

affecting driving include memory impairment, poor sequenchg skills, impaired insight 

and judgement, apraxia and slowed processing time 14$0,32,35-40 . Perceptual deficits, 

especially visuoperceptual impairment, are an important subset of cognitive skills directly 

related to driving ability '63337*4L. Perception has been defined as "the means by which 

an individual organises and cornes to understand information received by the bodily 

senses" l6@363) Although visual input is essential to the driving task, it h a  not been 

found to contribute independently to crashes when attentional processes are also 

consideredlg". The çize of the Usefûl Field of View (UFOV), a concept developed by 

Owçley and Bal1 42, is defined as "that eccentricity at which observers can localise 



penpheral targets correctly 50% of the time". (p3 112) " It is, in essence, a dynamic 

mesure incorporating visual perception and the ability to divide attention. In a recent 

prospective study, Owsley and Bal1 l9 demonstrated that older adults with a 40% or more 

restriction in UFOV were 2.2 times more likely to be involved in a motor vehicle crash 

than controls when followed over 3 years. 

Similarly, assessing medical fitness to drive of individuals with other medical 

conditions such as stroke, brain injury and dementia that can affect cognition has been an 

ongoing concem at both medical and societal levels 14,28$238,39,43-46 . Non-progressive 

conditions such as stroke and brain injury often require assessment of driving skills due 

to the physical and cognitive implications associated with these disorders i5.30.3 1.47 

Efforts have been made to develop neuropsychological test batteries to predict who is 

unfit to drive following stroke or brain injury, but no single protocol has been found 

sufficient to replace the gold standard of an on-road driving evduation 30,32,33.~~8,39 

Cognition and attention are very important aspects of the driving task and in the 

Cybemetic Mode1 of dnwig cognitive skills play a role in processing information as well 

as being an integral part of the general dnving program, specific dnving program and the 

resident diagnostic program 15. A primary concem with assessing medical fitness to drive 

for those with dementia is that unlike the static nature of stroke or traumatic brain injury, 

dementia is a progressive disorder. This leads to concerns regardhg the fkequency of 

assessment for persons with progressive disorders. 

Few studies have examined crash rates for persons with cognitive disorders such 

as stroke, traumatic brain injury or dementia. Megdeysi and Koch ' found increased 

crash rates in the presence of cerebrovascular disease and cerebral trauma compared to 



controls. Reviews of crash rates for persons with dementia have generally supported 

incresed crash nsk in this population 48"9, but the most recent study by Trobe 50 did not 

find an increased crash risk These authors suggested that persons with dementia may 

have been more lkely to selfrestrict their dnving and therefore would have less exposure 

to the risk of being involved in a crash. 

1.1.5 The ElderIy and Driving 

Independent of progressive dementia, changes in bealtlh status related to ageing 

may have an impact on driving ability ""? Changes in vision, reaction t h e  and co- 

ordination, as well as debilitation related to chronic conditions such as cardiovascular 

disease, diabetes mellitus or axthritis rnay affect ability to drive 23S2"". Considering 

Michon's hierarchical mode1 l 7  compensatory driving stratepies could be implemented at 

the strategic and tactical levels to accommodate physical impaËrments that would lessen 

capabilities at the operational level. For example, by driving iiinder optimum weather and 

traffic conditions oniy and increasing following distance, deficits in reaction time or 

braking response (operational level) may be accommodated. IIa the Cybemetic mode1 of 

driwig l5 the effects ofageing would have an impact primarily on sensory input (vision, 

hearing, position sense) and motor output (reaction tirne, power, CO-ordination) as well as 

minor effects on attention, scanning and calculation abilities. 

Crash rates have been found to be higher for elderly drFvers compared to middle- 

56-58 aged drivers . Brorsson j7 found that the crash rate was four to six times higher for 

the elderly compared to middle-aged dnvers; however, this increased crash rate was 

similar to that for the 18-19 year old age group. This "U-shaped" curve for crash rates by 

age group has been previously demonstrated 52, and raises the argument that if society is 



able to tolerate higher crash rates among young drivers, then similar tolerance should be 

shown for the elderly. Typically, crash rates have been attributed to medical impairments 

in the elderly population but to risktaking behaviour and inexperience in younger, 

adolescent drivers. 

A serious category of impairments that affect medical fitness to drive is sudden 

loss of consciousness due to epilepsy, certain cardiac arrhythmias and hypoglycaemic 

reactions associated with diabetes mellitus management 6*85945. Crash rates have been 

shown to be higher in epileptics who are driving, but as for persons driving with diabetes 

mellitus, Hansotia et al 62 did not believe that the increased crash rate for these drivers 

warranted restriction. Unfortunately, a strong bias of this study, not indicated by the 

authors, is that many of the uncontrolled diabetics and seizure disorder persons have 

likely been restricted from driving, minimiskg the effect of these disorders. In fact, the 

older fiterature has not demonstrated a ciifference in crash rates for those groups with 

diabetes mefitus or cardiac disease 668. However, in a more recent Saskatchewan study, 

crash rates were found to be higher for persons affected with diabetes mellitus or seinue 

disorder 4. 

1.1.6 Driving Assessrnent 

When the conceptual models for driving are considered, it is clear that 

many medical conditions c m  affect attributes required for driviog. Typically, driving 

assessrnents for individuals are compIeted either through mandated on-road assessment or 

through driving evaluation programs specifically designed to assess driving ability in the 

face of significant medical impairment 31"6p67. A driving evaluation program assessment 

Ulcludes a pertinent patient history and physical examination as well as a battery of 

. 



31,56 neuropsychologicd tests to assess cognitive and visuoperceptud skius . Based on the 

preliminary evaluation, typicaily an on-road driving evaluation is completed, involving a 

driving instructor and occupational therapist to objectively observe the patient's driving 

ability. Recommendations for the patient are then made regarding fitness to drive as well 

as driving skills that could possibly be improved upon. 

Although efforts have been made to make broad generalisations regarding 

medical fitness to drive based on diagnosis 28*4950*63*66*68, due to the diEering severity and 

effects of medical conditions on different patients, the trend has been toward individual 

assessment as described above. However, the end resdt of interest to society is not 

whether a person has been able to pass a driver evaluation, but whether or not the 

disabled driver is safe to drive. In fact, the outcome of interest is the subsequent driving 

record of the disabled driver. Few studies have looked at driving records post assessment 

28.69.70 and generaily most studies have concentrated on comparing controls to patients on 

test assessment batteries and on the "on-road" assessment pass/fail rates for disabled 

patients L 429-3 1.7 1 

TraditionaUy, crash and traffic violation rates have been the primary indicators 

used to assess driving record 27,5036-58,62,66,72-75 - Crashes are likely the event associated 

with driving that places society and the individual driver most at risk. Mo tor vehicle 

crashes and traffic violations are anticipated events in our current society, and are 

therefore monitored by goveming agencies. As discussed previously, rnany medical 

conditions are associated with increased crash and trafic violation rates compared to a 

control population, and therefore policies have been developed such as mandatory 

physicia. reporting for persons considered to be medically unfit to drive 51'2v13*76. The 



effectiveness of new laws and policies governing driving is then usually evaiuated by 

comparing the changes in the îraffïc violation and crash rates 72-74.77 

T f i c  violation and crash rates may be obtained by either of two methods: self- 

78-80 report or govemment records . Eariïer studies kom the I 970's demonstrated that 

self-report provided more complete and reliable crash rate information compared to 

govemment records based on police reports 79180. A more recent study published by 

Marottoli et al 78 found that self-report and Connecticut State records provided 

complementary information, since unreported crashes were identified with each method. 

In this study state records were believed to have an advantage over self-report when 

memory difnculties may be present or when there was fear O f possible repercussion. The 

authors also found indirect evidence that state records were more likely to iden* severe 

crashes compared to self-report. The disadvantages of state records were that not aU 

crashes were reported and that police may not have actually filed a report if the event was 

considered minor. Although this study was recently published in 1997, the study actually 

took place fkom September 1989 to August 1990; therefore this study rnay not reflect 

current standards for state or provincial record keeping. Another advantage of using 

crash and traftic violation rates based on state or provincial records is that reliable 

Sonnation may be obtained over a long time span of up to a decade or more. Fuaher, 

information can be collected for a complete population versus information from a srnaller 

sample collected by self-report. However, a typical disadvantage of using govemment 

records is that the determined crash rates are generally provided in person-years versus 

per kilometres driven. Crash rates of older drivers, based solely on number of licensed 



drivers, are similar to the overall population, however when mileage driven is taken into 

account, the highest crash rate per mile driven is for the youngest and oldest drivers. 56.57 

1.1.7 Restricted ~icensing 

Variation in driving ability and ski11 level exists even for drivers not affected by 

medical impairments. For those with more severe medical conditions, often physical or 

cognitive limitations impair the ability to safely operate a motor vehicle under some or all 

dnving conditions. However, driving is an integral part of many individuals' lives and 

especially for the disabled, driving may be neces sq  to maintain community 

independence '. Both increased rates of depression and decreased social inkgration have 

been c o b e d  in ex-drivers compared to drivers, even when adequate public 

transportation is available ''. Acknowledging that there is often a need for persons with 

medical impainnent to drive, even if driving skills have been affecte& some authors, 

national societies and state and provincial govemments have supported restricted 

licenshg 33,1382 

The American Association of Retired Persons (AARP) has advocated the 

increased use of resbicted licensing 3. The AARJ? actually refers to restricted Licensing as 

"graduated licensing", however this term is unique to the AARP and al1 other govemment 

agencies and published reports use the texm restricted licensing. A restricted license or 

graduated License may be defined as "a driver's license that for one reason or another has 

a restriction attached to it. To operate a motor vehicle, holders of such a License must 

meet some special requirement or m u t  restrict their driving practices in some well- 

specified fashion" @313. Crancer et al S3 define two broad types of restrictions: medical 

driving restrictions and medical Licensing restrictions. Medical dnving restrictions 



involve specific driving restrictions such as necessary vehicle modifications (automatic 

transmission, special &ors, hand contro 1s) or license limitations possibly including day 

time dnving only or driving within a certain radius of the &ver's home address. In fact, 

the most cornmon medical driving restriction is the use of corrective lenses while driving 

'. Medical licensing restrictions refer to increased health monitoring requiremems in 

order to maintain license certification such as regular physician examination or eye 

examinations- 

Most states and provinces allow some form of restricted licensing to occur, but 

there is great variation in the type of resûictions implemented as well as the fiequency 

used 3 5 .  Of the Canadian provinces and territories, Ontario, New Brunswick and the 

Northwest Temtones seldom allocate resûicted licenses The province of 

Saskatchewan implements restricted licenses for medical impairment that may affect 

driving ability. The restriction categorisation (Appendix B) includes bo th types of 

restrictions, medical driving and medical licensing, identified by Crancer et al 83.  

Although there is wide use of restricted licensing in North America, there has 

been littfe research completed to evaluate it 3*83*84. The earliest study to investigate 

medical licensing restrictions found that persons diagnosed with epilepsy, diabetes 

mellitus, fainting as well as "other" conditions had higher accident rates than controls, 

whereas drivers with heart disease or vision deterioration did not have a significant 

difference 83. Similarly, violation rates were increased in epilepsy, diabetes mellitus and 

"other categories", but not for vision deterioration, heart disease or fainthg. When 

Crancer and O'Neall later studied license restrictions for heart disease in Washington 

State ', they found once again that the overall accident rate for heart disease was 



comparable to a control population. However, in this study, when specifïc heart disease 

groups were explored, the arteriosclero tic and hypertensive goups had significantly 

higher crash rates. They fûrther found that more fkequent medical follow-up (6 rnonths 

versus every one to two years) was a predictor of increased crash rate. in this study, 

Crancer and McMurray 83 also investigated medical driving restrictions and their effect 

on crash rates. All medical driving restrictions were grouped together in this study. The 

results are inconsistent, since one outlying p u p ,  women age 36 to 50 with medical 

dnving reshiction, have a dramaticalIy higher crash and violation rate than any other 

control or restricted group. Overall, the results indicate that the medicd driving 

resirîction group has a statisticaily higher violation and crash rate; however, for men and 

all other women age categones, the rates are actually lower than for control groups. The 

authors were unable to offer an explanation for these findings. 

No m e r  studies have directly studied the impact of restricted Iicensing. 

Medgyesi and Koch 4, however, have studied the impact of a medicai review program for 

Saskatchewan drivers kom 1980 to 1989. This medical review program involved 

reviewing persons known to have medical conditions by Saskatchewan Govemment 

Insurance (SGI), which is the licensing authority for Saskatchewan. Some drivers 

undergokg medical review had medical driving restrictions or medical licensing 

restrictions imposed, but these restrictions were not specifically addressed. They did find 

increased at-fault crash rates for àrivers with history of alcohol/drug dependence, 

cardiovascular disease, cerebrovascuIar disease, disorders of CO-ordination and muscular 

control, diabetes, essentiai hypertension, seinire disorders and visual disorders. This 

study also demonstrated the effectiveness of the medical review program since "at-fault" 



relative to "not-at-fadî" crash rates were shown to improve after the medical review 

process for persons with Estory of alcohoI/dnig dependence, cardiovascular disease, 

cerebrovascdar disease, diabetes, and visual disorders. 

Many medical conditions impair the ability to drive and in many states and 

provinces restricted licenses are provided in order to ailow persons to continue drivùig 

under specific conditions. Aithough Crancer and ~ c ~ u r r a ~ ~ ~  have s h o w  a tendency for 

most age groups to have lower crash and violation rates for the medically impaired 

compared to controls, their results were inconclusive. Therefore, the effectiveness of 

restricted licensing programs, although widely used, has not been demonstrated. 

1.2 Formulation of the Problem 

Medical impairments affecthg cognition, visuoperceptual skilfs, motor skills or 

even behaviour rnay impair the ability to operate a motor vehicle. Many states and 

provinces have acknowledged that individuals with medical impairments may not be able 

to drive under all  conditions and because of this, restricted licensing has been 

introduced5. The two general approaches or categories of restricted licensing used are 

medical licensing restriction and medical dnving restriction 83. Although most states and 

provinces use restricted licensing to varying degrees, Little research has been conducted to 

evaluate the effectiveness of tfiis lïcensing intervention. It is necessary to evaluate 

restricted licensing since it is an important intemention that c m  maintain and promo te 

independence in the community for disabled persons. Further, it is important to 

demonstrate the effectiveness of driving restrictions for persons with medical impairment 

since if this intervention is not effective then the public could be placed at increased risk 

at the expense of the individual driver. 

. 



1.3 Contribution to the Iiterature 

This study will evaluate the effectiveness of both medical driver restriction and 

medical license restriction in the province of Saskatchewan. A retrospective cohort 

design from April1989 to April1999 will be used. The main outcome meanire will be 

crash and violation rates as indicaiors of driving performance. Medical driving and 

lïcensing restrictions will be evaluated to assess effectiveness. 

This study will provide an evaluation of restricted licensing, which has not been 

evaluated since the early 1970's; even at that tirne there was Little evidence to support or 

refute the practice of restricted licensing. The study of Saskatchewan drivers will allow 

examination of the two general types of restrictions, licensing and driving, to explore the 

effect of each type on "at-fault" crash and violation rates for drivers with medical 

impainnents. For example, an annual medical examination (licensing restriction) versus 

driving only within a forty kilometre radius of home (driving restriction) are very 

different types of restrictions. It is anticipated that this retrospective study will elucidate 

the effectiveness of restricted lïcensing and set the stage for hture prospective evaluation 

of this intervention. 

1.4 Objectives 

1. To determine if Saskatchewan drivers who have been granted restricted driver 

Licenses for medical impairments have "at-fault" crash rates or trafnc violation 

rates comparable to Saskatchewan drivers of similar age, sex and residence 

who have unrestricted, class 5 (general) licenses. 

2. To detennine if initiation of a restricted driver license affects an individual's 

"at-fault" crash rate or traffic violation rate. 

- 



Chapter 2: Methods 

2.1 Acquisition of Saskatchewan Government Insurance Dataset 
- 

Saskatchewan Government Insurance (SGI) is the sole motor vehicle insurer in 

the province of Saskatchewan and therefore the agency through which all motor vehicle 

insurance claims are processed, Although SGI acts as an insurance Company, it is also 

mandated to monitor aii issues related to dnving in the province of Saskatchewan such as 

issuance of driver licences, recording and monitoring of ail driving related convictions, 

and determination of medical fitness to drive. This dual role of SGI as both a public 

insurer and government agency provides an uncornmon situation where comprehensive 

driver information is recorded through one agency. For instance, in other provinces such 

as Ontario, the insurance industry and the Ministry of Transportation collect different 

types of dn:ving related information. Further, since restricted Licensing is implemented in 

Saskatchewan, the SGI driver information database has the potential to evaluate the 

effectiveness of this driving licence intervention. 

The primary investigator contacted SGI by telephone in May 1998. Initial 

conversations centred around the abiliw of SGI to participate in this research study, the 

ability of the database to provide appropnate information to address the objectives of the 

study and the steps required to obtaul the data After many months of conversations to 

confirm a specific data request fiom SGI, a formal letter to confirm the data request fiom 

SGI was sent on Apn122, 1999 (Appendix C). The datasets for the study were created 

on Apnl 19, 1999 and received in a CD-ROM format on April26, 1999. SGI provided, 

- 



at no charge to the investigator, the datasets as weli as a great deal of tirne throu& 

technical support- 

2.2 Dataset Description 

A total of 7 SAS" datasets (Appendix D) were provided by SGI on CD-ROM. 

The population represented in the datasets consists of al1 Saskatchewan drivers, idenhfied 

by driver licence number. For confldentiality, a unique identifier ("alias") was derived 

kom the driver licence number in order to provide a link variable for all datasets. The 

datasets were created on A p d  19, 1999. SGI continuously updates driver records and 

regularly purges the data. SGI staff and administrators consider the dataset information 

current to April 1, 1999. Since these data corne kom an administrative database, many o f  

the datasets have varying numbers of rows of information for each driver requinng the 

use of statistical software that can handle data in this format. Six of the seven datasets 

provided were used for this study. 

2-2.1 Customer Data (EXT_DATA.CUST) 

This dataset contains demographic (birth date, sex, postal code) information on al1 

Saskatchewan drivers. It provides information on a greater than expected number of 

drivers (1,176,486) since the information dates back to 1986 and this dataset information 

is not purged. The variable TOSTAL3" provides the first 3 digits of the current postal 

code in order to distinguish rural fkom urban drivers. 



2.2.2 Driver Registration Data (EXT-DATA-DRREG) 

The driver registration dataset describes the drxving status of all drivers. Driving 

Licences in Saskatchewan are renewed on an annual basis and thîs dataset identifies the 

effective date of the driver licence and the expiry date of the licence. Driving licence 

class is also indicated on an annual basis. This dataset is arranged such that any change 

in licence status such as licence renewal, suspension or cancellation is recorded as a 

separate row of information for the driver. Therefore each driver has multiple rows of 

information in this dataset. As m u a l  information is added, information greater than 7 

years old is purged fiom the dataset. h.I?ormation greater than 7 years old is maintained if 

new information is not added; for example, if a driver's licence was cancelled in 1993 

then Sonnation f?om 1986 to 1993 would remain in the dataset. 

2.2.3 Claims Data (EXT-DATA.CL0IS) 

This dataset contains information on dl insurance claims made with SGI, AU 

insurance claims are recorded in this dataset, not only couisions. For example thefi 

claims and vehicle damage claims secondary to natural disasters are included in this 

dataset. The type of coverage, indicated by the variable "COVR-TYP" (Appendix E), 

d o w s  al l  collisions to be identified. Crash responsibility and crash date are also 

described. 

2.2.4 Non-criminal conviction data (EXT-DATA.TYPE20) 

This dataset identifies al1 driving related non-criminal convictions (Appendk F). 

As with other datasets, multiple rows of information/ observations may be devoted to 

individual drivers; however, drivers with no convictions will not be represented. This 

dataset, similar to the driver registration dataset, is purged of data on a 7-year cycle. 



Unlike collisions, it is very possible for one &ver to have multiple convictions on the 

same date as the result of one incident. Fine amounts and types of convictions are 

identified. - 

2.2-5 Crimina1 Conviction data @?CI' - DATAXYPE25) 

This dataset identifies al1 driving related criminal convictions (Appendix F). This 

dataset is arranged similarly to the Type 20 convictions dataset. The only additional 

information provided in this dataset is whether or not a jail tenn was served and its 

duration- 

2.2.6 Medical Condition or Driving Restriction data (En-DATA.TYPE7O) 

This dataset identifies al1 drivers who have ever had an idenîifïed medical 

condition or a driving restriction. A medical condition is reported to SGI via 2 main 

methods: driver self-report on their annual driver licence renewal and physician 

reporting, which became obligatory in Saskatchewan in Augtxst, 1996. The medical 

condition diagnostic groupings used are quite broad and in most instances appear to be 

clinically based (Appendix G). A driver may have multiple medical conditions that are 

assigned as letters represented in a single string variable, "DH70MNlY"' The medical 

condition coding was revised prior to 1992 and therefore this variable is only reliable 

fkom 1992 forward. 

Different types of restrictions are also identified in this dataset. The most 

common restriction code indicates drivers who are required to Wear prescribed corrective 

lenses while driving. There are 15 other types of driving restrictions implemented which 

fa11 into 2 broad categories (not specified by SGI): licensing restrictions and driving 

restrictions. The licensing restrictions require annual re-assessment of driving skills or 



medical status in order to maintain a driving licence status. Dnving restrictions are actual 

limitations imposed on the driver's daily driving routine. Examples include dnving 

during hours of M l  daylight only or dnving within a 40-kilometre radius of the address 

shown on the driver Licence. Individual, personalised restrictions are also possible and 

are coded as ''under specid conditions recorded on file". SGI administration codïnns 

that this type of restriction would represent a more severe form of driving restriction 

compared to the other restriction codes. 

As with other datasets, individual drivers may have multiple observations. Each 

time there is a change in medical condition or medical restriction, an observation is 

recorded. This dataset uses a single date variable to identm aU changes to the dataset 

record for both medical condition and driving restriction changes. As with the medical 

condition variable, the dnving restriction variable, 'BH70REST", is a string variable 

consisting of single to multiple letters representing driving restrictions. Driving 

restriction variables have been recorded reliably in this dataset since 1986. Data fiom 

this dataset are never purged, 

2.2.7 Traffic Accident Information System Data (EXT-DATATAIS) 

The TAIS dataset represents the police record of reported crashes. The 

idormation for this dataset is collected in the field and provides information regarding 

specific details of the crash such as the number of vehicles ïnvolved, the crash 

environment and extent of damage resuiting &om the crash. An advantage of this dataset 

is that it provides very detailed information about crashes. However, when compared to 

the claims dataset the actual number of crashes recorded is far fewer, suggesting that 

many crashes are not captured through the TAIS dataset. This is not surpnsing, since 



there must be at Ieast $1000.00 damage or personal injury in order for a collision to be 

reportable, (See Appendix H) A M e r  disadvantage of the TAIS dataset is that dnver 

crash responsibility is not clearly assigned, unlike the CLAMS dataset, which does 

clearly assign responsibility. Since the data fkom the TAIS dataset were incomplete and 

could not identify dnver responsibility, this dataset was not used in this study. 

2.3 Data Screening and CuiIing 

The datasets were sent as raw SAS datasets where no culling of information had 

been completed for the variables requested. Extensive editing of the data was required 

which included generation of summary variables, allocation of variables to appropriate 

person-year groupings and culling of variables to time frames of interest. Details of the 

greater than 100 programs and greater than 100 datasets created while editing the data are 

available from the author. Review of the data indicated that complete information, 

required for this study was available fiom January 1, 1992 to the date the datasets were 

created. Therefore, the data had to be cuiled in order to identi@ eligible drivers (Table 

1). A detailed description of how eligible drivers were identified is provided in figure 2. 

The final sarnple size of 703,758 represents all drivers who have had a valid, class 5 (See 

Appendix A), driver license since January 1, 1992. 

Table 1: Variables used to determine eligible drivers for study 

effective date 
(deffdate) 

cl ass (hi-class) 

Comments 

This variable is used to identifi when the 
license is in effect after Jan.1, 1992- In 
combination with the expiry date, person- 
years for dnving rnay be calculated. 
Only drivers with generaI, class 5, 
licences are compared in this study. (See 
Appendix A) 

Variable Definition 
Birth date of driver 

Date for which driving 
license becomes 
effective. 

This variable identifies 
the highest cIass of 
licence obtained by a 
dnver since Jan. 1, 1992. 

Variable Derivation 
Original variable fkom 
Customer Dataset 
Original variable fiom the 
Driver registratioa dataset 

This variable, derived fiom 
"dclass", represents the 
highest license value 
obtained since Jan. 1, 



Sample Size Justification Database 

Customer 

Customer & 
Driver 
Registrahon 

Customer & 
Driver 
Regisiration 

Customer & 
Driver 
Reeistration 

Action 

Remove aii drivers 
born after A p d  19, 
1983 or before Jan, 
1, 1900 

Merge these 2 
databases 

Delete ail driver 
registration 
obsemations prior to 
1992 

Remove ail drivers 
who have a driver 
licence class higher 
than class 5 since 
Jan. 1, 1992 

Only persons 16 years or oIder eiigiile for 
cIass 5 licence 
Coding errors are present which make for 
extreme ages 
There are Y2K coding problems in this 
database, therefore people born before Jan. 
1, 1900 may be misinterpreted as the 
binhdate occurring in the late 2oLh century 

Need to further cull data so drivers are 
h o w n  to be registered to calculate person- 
Ye=s 

Driver registration data purged on a 7 year 
cycle and information only reliable for ail 
drivers to Jan. 1, 1992 
Collision and convictions data is simiiarly 
purged on a 7 year cycle, therefore outcome 
measures only reliabIe back to 1993 
Medical condition data fiom the Type 70 
dataset is ody  reliable ~ o m  1992 forwards 

Objective of study is to compare drivers 
with restricted licences or medical 
conditions to other drivers with generai, 
cIass 5 licences. (See Appendix A) 
Information for driving licence classes only 
reliable back to 1992, since these data are 
also purged on a 7-year cycle. 

Figure 2: Determination of eligible drivers for study inclusion 



2.4 Variables for the study mode1 

Based on the objectives for this study the main outcome measures for this study 

are "at-fault" crashes and driving convictions. The mode1 for this study is depicted in 

figure 3. The defi t ion and description of the exposure, covariate and outcome variables 

are provided in tables 2 , 3  and 4 respectively. 
- 

Exposures 

Restriction 
Driving Restriction 
License Restriction 

Outcornes 

Driving Convictions 

Residence Location ( sex 

Figure 3: Mode1 demonstrating inter-relationship of variables for study 



Table 2: Exposure Variable descriptions 

Variable 
Exposure Variables 
Restriction (restrk) 

Driving Restriction 
(act-res t) 

License Restriction 
(am-rest) 

Variabte Definition 

Dicho tomous variable 
ident-g any driver who 
has ever had any driving 
restriction imposed for 
health related reasons 

Dichotomous variable 
i d e n m g  drivers who 
have at least one driving 
restriction tbat limits the 
conditions under which 
they may drive 
(Restrictions B to N 
inclusive - See Appendk 
B) 

Dichotomous variable 
identifying drivers whom 
m u t  undergo regular 
evaluation in order to 
maintain their iicense. 
(Restriction X,Y,Z- See 
Appendix 8) 

Variable Derivation 
---- - 

This variable is derived 
fiom the "dh70rest" 
variable, which identifies 
ail driving restrictions. if 
the driving restriction was 
for vision correction o d y ,  
thea these drivers were 
ignored Drivers may have 
more than one type of 
restriction. Omet date 
was determined by the 
first driving restriction 
date recorded- 
This variable is derived 
fiom the "restric" variable 
and includes any driver 
who has a type B to N 
inclusive driving 
restriction. Drivers may 
have more than one 
restriction and may alsa 
have a License resûïction. 
The onset date is the k t  
&te where a B to N 
restriction was impose& 
This variable is derived- 
from the "restnc" variaMe 
and includes any driver 
whohasatypeX,Yor Z 
inclusive license 
restriction. Drivers may 
have more than one 
restriction and may alsm 
have a Driving restriction. 
The onset date is the fust 
date where a X, Y or Z 
resûiction was impose& 

Cornmen& 

The variable "dh70rest" 
has been recorded 
consiçtently since 1986. 



Table 3: Covariate Variable descriptions 

Variable 
Covariates 
Age Category 
(Agecat) 

Residence Location 

Sex 
Medical Condition 
(medcond) 

Variable Definition 
- - - - - - - - 

Ordinal variable 
represenhng driver age 
category statu as of A p d  
19, 1999. 

Dichotomous Variable 
i d e n t m g  urban or rural 
residence. 

Dichotomous variable 
Dichotomous variable 
i d e u t m g  drivers who 
have a medical condition 
(See Appendix G) 

Variable Derivation 

This variable is denved 
fiom birth dates 
("birthdt"). Categories are 
brokea down by decades. 

This variable is derived 
f?om "postal3" whicb 
represents the hrst 3 digits 
of the driver's postal code- 
The definition of rural is 
based on Cana& post 
coding where a nual area 
is any area where the 
second digit is "O". Urban 
area second digit are " 1 " 
through "9". 
Original variable " s ec  
This variable is derived 
fiorn the ''dh70mind" 
variable, which identifies 
drivers with h o w n  
medical conditions. AU 
medical conditions were 
included except for drug 
and alcohol abuse, since it 
was felt that these 
conditions reflect an 
addiction problem rather 
than pe-ent physical 
or cognitive impaitments 

Comments 

April 19, 1999 is used 
since this is the date the 
dataseis were created- 
Person-yem are used in 
the analysis, Therefore it 
is cornrnon for t driver to 
conm3ute person-years of 
driving to 2 age 
categories. - 
Empirically reviewed 
Postal code lisrings to 
confirm. Canada post 
states that a rural versus 
urban status is established 
at the municipal level. The 
smallest identified urban 
centre is Kindersley, 
population 4,679 (1996). 

"dh7û1nind'~ has only been 
recorded reliably since 
1992. The method of 
identification of medical 
conditions is very limited 
and previous study has 
shown that many medical 
conditions are not 
identified in this dataset ' 



Table 4: Outcome Variable descriptions 

Variable 
Outcome Variables 
"At-fa&" C m h  
(resp-b in) 

Driving Convictions 
(Conv2025) 

Variable Definition 

This dicho tomous variable 
identifies ail crashes for 
which a driver is 

- 

responsible. Only crashes 
occurring after Jan. 1, 
1992 are identified. This 
is expressed as any or no 
responsibility. 

This dichotomous variable 
represents niminal and 
non-criminal driving 
convictions (see Appendix 
F). Only convictions 
occurring after Jan. 1, 
1992 are identified. 

Variable Derivation 

This variable is derived 
fiom the C W S  dataset- 
"covr_typ" identifies d 
claims made by drivers. 
A collision claim is 
identified as a type "3 1", 
"22", or "2 1". (Appendix 
E) Once collisions were 
identined then the variable 
resp-bin was created 
which identified 
responsfiility for the 
collision. 
This variable is derived 
from the combined Type 
20 and Type 25 datasets. 
"dh20cvcd" and 
"dh25cvcd" were used to 
iden- convictions. 
Criminal and non-cnminal 
convictions were 
combined. 

Commen ts 

Conversations held with 
SGI regardhg the 
defrnition of collision and 
method of identi-g it 
&om the database. 

2.5 Data Storage and Data Quality 

The SAS datasets were stored on a UNIX operating system. Dataset manipulation 

and M a g e  was performed using the SAS system. The quality of the data was high. 

This was substantiated when the claims and customer datasets were combined and there 

were ody  176 drivers not matched by alias for these datasets that contain al1 drivers. 

Further analysis showed that none of these 176 dnvers had an effective licence after 

Ianuary 1, 1992. Therefore, over 700,000 drivers were matched successfully across 

datasets. Some problems were encountered with biah dates due to confusion with century 

of birth and for this reason al1 dnvers boni pnor to January 1, 1 900 were excluded. 



2.6 Statistical Analysis 

Frequencies for the dependent and independent variables will be presented in 

tables and charts. Frequency statistics were obtained using SAS" 85(version 6.12 for 

Unix). Cnide incidence rates for "at-fault" crashes and traffic violations were also 

calculated for each of the independent variables using  tata@ 86. To address the £kst 

primary objective, crude incidence rate ratios as well as stratified incidence rate ratios, to 

assess for confounding and effect modification were calculated, as were Mantel-Haenszel 

estirnates. 

Poisson regression was used to develop multivariate statistical models to predict 

"at-fault" crash and trafEc violation rates for Saskatchewan drivers with and without 

driving restrictions. Poisson regression analysis is the most appropriate regression 

technique for this study since it is used for modelhg rates based on counts of discrete 

dependent variables ". The basic assumptions to be met for using Poisson regression are 

that outcomes "occur independently in different people and in the same person at 

different points in t h e ,  that the likelihood that a new case will occur in a short period is 

proportional to the nurnber of people, and the [outcorne] risks are homogeneous across 

people and tirne."*' (p3) Interaction terms were explored to assess possible effect 

modification, but were only included in the mode1 if the Pseudo R* value was 

substantially effected by a change of at l e s t  1%.87 The Pseudo R~ value is defined as 

(Lo-l&)& where Lo represents the Log-likelihood of the mode1 containing only the 

intercept and L, the log-likelihood of the mode1 with the intercept and 'p' covariates?' 

To address the second primary objective, cmde incidence rate ratios were denved 

for "at-fault" crash and traffic violation rates pre and post irnposed driving restrictions. 

- 



Time senes analyses were used to determine the effect of driving restriction imposition. 

Autoregressive, integrated, moving average (ARIMA) models were used for the t h e  

series T h e  senes analysis is the most appropriate method of analysis for this 

interventional situation, since "at-fault" crash and conviction rates pre and post driving 

restriction cannot be considered independent- In fact time series analysis focuses on the 

dependence of the observations which are autocorrelated. 89y90 Time series analysis has 

ako been shown to be effective at demonstrating the impact of a specific intervention 

imposed at a common point in tirne. 77,89,90 

A-EUMA modelling was completed using SAS" (V6.12) The intervention in each 

senes model was represented by a dummy variable with O representing pre-intervention 

and 1 representing post intervention. Models were f is t  studied with zero orders of 

differencing (no added tems: Mode1 (0,0,0) where the first terrn represents 

autoregressive terms, the second differencing tems and the third represents moving 

average terms). Ifthere was evidence of a trend in the time series plot or if the senes had 

positive autocorrelations for a large number of lags, then differencing for the model was 

used. M e r  differencing was applied to the model, the autocorrelation plots and partial 

autocorrelation plots were reviewed to determine the presence of AR or MA signatures 

which suggest the specific type of term that may be best to try in the modeLg' Using this 

technique models were developed where the best fitting models were those with highest 

lag 6 and lag 12 q statistics 89. If the t ratio for the intervention parameter was associated 

with a significance level of less than 0.05 in the model, then restricted licensing was 

considered to be significantly associated with a change in the "at-faulty' crash and/or 

convictions rates. 



For this study, all drivers had an identified onset date for their driving restriction, 

however, this date obviously was different for each driver. The study length was divided 

into 380 weeldy time intervals and the interval in which the driver received his or her 

restriction was identified, as well as the licensing start date and finish date. AU drivers 

then had theu driving history adjusted such that the imposition of the driving restriction 

feu in the 380'~ interval. Therefore the length of the time series was potentially for 760 

weekly intervals ( 4 4  years), however any one driver could only contribute up to 

between seven and eight years (380 intervals) of driving time. 

2.7 Ethics Approval 

The proposal was submitted to the Research Ethics Cornmittee at The Rehabilitation 

Centre. Approval was granted on Iuly 8, 1999. (See Appendix I) 



Chapter 3: Results 

3.1 Results Ovewiew 

Demographic information is presented in section 3.2. The remainder of the results 
- 

section is organized in a mamer to sequentially address the objectives of thîs study. 

(Table 5)  

Table 5: Overview of results section organization 

Objective 

Objective 1: To detennine if 
Saskatchewan drivers who have 
been granted restricted driver 
licenses for medical impairments 
have "at-fault" crash rates or traffic 
violation rates comparable to 
Saskatchewan drivers of similar 
age, sex and residence who have 
uaresûicted, class 5 (general) 
iicenses 
Objective 2: To detennine if 
initiation of a restricted driver 
license affects "at-fault" crash rates 
or mffic violation rates 

*M-H IRR.- Stratified 1 

- 1 Licensing Restriction 1 1 Tab 

Conviction ' AU res&tions 
Dnving restriction 

SI-H 
CRR* 

3.3.3 

Outcome 
~Measure 
"At- fadt" 
crash 

- 1 Licensing Restriction 1 rab 1 14 

Type of Driving 
Restriction 

"At- fadt" 
crash 

Ail restrictions 
Driving: restriction 

:anteLHaenszel incidence rate ratios 

3.3.1 

AU restrictions 
Drïving restriction 

Conviction 

3.2 Demographic Data 

App. J 

3 S. 1 

Ail restrictions 
' Driving restriction 

Licensing Restriction 

A total of 703,758 drîving records were eligible for inclusion in this study. (Table 

6) There were a total of 23,185 drivers who had a driving restriction identified. Of these 

drivers, 2010 had both a driving and licensing restriction, 20,074 had only a licensing 

restriction and 1 1 O 1 had only a driving restriction imposed. The follow-up time for these 

driving records accounted for 3,792,479 person-years, where 72,410 person-years 

NIA 

NIA 

- .  

3.5 

14 

N/A 



represented time driven by perçons with a restrkted driver's license. Overall there are 

more female drivers represented in this study than male drivers. The data dso indicate 

that drivers with restricted licenses are more likely to be male, to i ive in a m a l  location, 

to have an identified medical condition, and tend to be older. 

Table 6: Descriptive data for independent variables comparing drivers with 

restrictions to drivers never having a restriction. 

independent 
Variables 

Residence 

The distribution for the number of individual driver "at-fault" crashes and lrafflc 

Value 

 med di cal Condition 

Age Category 

vioIations demonstrates that most drivers have no crashes or convictions. (Figures 4 and 

1 . , 

Female ] 358686 (51%) 
Rural 1 296417 (42%) 
Urban ( 407340 (57.9%) 

5) This distribution is consistent with the Poisson distribution **. The expected Poisson 

Yes 
No 

16-24 
25-34 
35-44 

distribution was plotted against the observed distribution for "at-faulty' crashes and traffic 

Restriction 
(n=23 185) 

Al1 Drivers 
(n=703758) 

349760 (51.4%) 
285386 (41.9%) 
395186 (58.1%) 

violations. The distributions were very simiIar for "at-fault" crashes, however the fit was 

N o  Restriction 
(n=680573) 

8926 (38.5%) 
1 103 1 (47.5%) 
12 154 (52.3%) 

24442 (3.5%) 
6793 15 (96.5%) 

1 11221 (15.8%) 
135060 (19.2%) 
148 116 (21.0%) 

not as good for traffic violations. 

I 

45-54 
55-64 
65-74 

3579 (0.5%) 
676993 (995%) 

109722 (16.1%) 
133339 (19.6%) 
145525 (21.4%) 
105078 (15.4%) 
68152 (10.0%) 
606 13 (8.9%) 

107898 (15.3%) 
71395 (10.1%) 
65257 (9.3%) 

20863 (90.0%) 
2322 (10.0%) 

1399 (6.5%) 
t 721 (7.4%) 

259L (11.2%) 
2820 (12.2%) 
3243 (14.0%) 
1644 (20.0%) 
4826 (20.8%) 
1 84 1 (7.9%) 

75-84 
>85 

48360 (6.9%) 
16450 (2.3%) 

43534 (6.3%) 
14609 12.1%) 



Crash and Conviction Frequencies 

600000 - 

Number of Crashes or Convictions 

Figure 4: Frequency of "at-fault" crashes and trafic violations for al1 drivers 

Crashes and Convictions for Restricted Drive- 

- 
1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4  

Number of Crashes or Convictions 

Figure 5: Frequency of 4cat-faulty' crashes and convictions for drivers with a 
driving restriction 



3.3 Incidence Rates for ccAt-fault'9 Crashes and Traffic Violations 

3.3.1 ccAt-faulty' Crash incidence rates 

Drivers 4 t h  any type of dnving restriction have an incidence rate of 7.6 ccat-fauIt" 

crashes per 100 person-years of driving compared to an incidence rate of 6.4 for drivers 

without restriction, (Table 7) Sirniiar Tates are seen for drïvers with a driving or Licensing 

restriction. The most striking contrast for "at-fault" crash rates occurs for male drivers 

who have double the rate of female drivers. Urban drivers and drivers with identified 

medical conditions also have increased crash rates. Age category does not demonstrate a 

specific pattern for crash rates. 

Table 7: "At-faulty' crash incidence rates and crude IRR's 

Variab Ies 

Reslrïc tion lALL 
Licensing I 

1 Residence 

Medical Condition 

Age Category b 

9 

No 
Yes 

95% 
Confidence 
Intervals 
(1.16, 122) 

Crude 
Incidence Rate 
Ratios 

1.19 

Value 

Yes 

6.4 
7.8 

(1.18, 124) 
No 
Femaie 

Incidence Rates 
(per 100 person- 
Y cars) 

7.6 

1 20 

l 4 L -20 
No 
Yes 

6.5 
4.4 

I 

- -  - - 

Yes 
No 

(1.15, 133) 
6.5 
7.8 

1.38 
Male 
Urban 
Rural 

0.50 

(1.37, 1.40) 
8.8 
7.3 
5 -3 
8.1 
6.4 

(0.50,OSO) 

1.27 (1.25, 1.29) 



3.3.2 Traffic Violation Incidence rates 

Drivers with any type of driving restriction have a trafLic violation hicidence rate of 10.2 

violations per 100 person-years of dnving which is less than drivers without restriction 

(16.4 violations per 100 person-years) (Table 8). Male drivers have an incidence rate - 

three times that of female drïvers and urban dwelling drivers are also more likely to have 

traffic violations compared to rural residents. Sirnilar to dnvers with driving restrictions, 

drivers with identified medical conditions have a lower traEc violation rate than those 

without identified medical conditions. There is an evident trend of an inverse 

relationship between increasing age and a decreasing incidence of traffic violations. 

Table 8: Traffk violation incidence rates and cmde incidence rate ratios 

95% 
Confidence 
Intervals 
(0.61,0.63) 

(0.84,0.94) 

Licensing 

Sex 

Crude 
Incidence 
rate ratios 

0.62 

0.90 

Independent 
Variables 

Restriction All 

Dnving 

Residence 

Medicai Condition 

A S  CategoV 

Yes 
No 
Fernaie 
Mde 

Value 

Yes 
No 
Yes 
No 

Incidence Rates 
(per 100 person- 
Y=) 

10.2 
16.4 
14.5 
16.3 
9.4 
16.4 
8.3 
25.2 

(1.26, 1.27) 

(0.65,0.67) 

(0.56,0.57) 
(0.34,0.34) 

1.26 

0.66 

1.00 
0.57 
0.34 

Urban 
Rural 
Yes 
No 
1 6-24 
25-34 
3544 

0.57 

0.33 

1 

17.9 
14.2 
10.9 
16.5 
38.3 
21.7 
13.0 

(0.56,0.59) 

(0.33,0.33) 



3.3.3 S tratified Incidence Rate Ratios of C6at-fault" crashes for restricted versus 

non-restricted drivers 

Gender, residential location, or age category do not appear to influence the effect 

of license restriction (including driving and licensing) on "at-fault" crash rate. (Table 9) 

Presence or absence of an identified medical condition, however, does have a differentiai 

effect on the crash rate ratio- For al1 &vers with a medical condition, those with a 

restricted license actually have a lower crash IRR compared to those drivers without 

restriction- For drivers without identified medical conditions, those with a restricted 

license have a higher "at-fault" crash IRR- 

Tabte 9: Stratified incidence rate ratios (IRR) comparing "at-fault" crash 

rates of drivers with and without restrictions 



3.3.4 Incidence Rate Ratios of traffic violations for restricted versus non-restricted 

drivers stratifying by independent variables 

Drivers with a restrÏcted license generaily have lower traffic violation rates than 

drivers without restricted licenses. Residence location does not appear to affect the 

incidence rate ratio for cirivers with and without restriction. (Table 10) There is a 

difference in the incidence rate ratio between genders; the effect of restriction appears 

larger in males. As with crashes, there is a trend for the medical condition statu to 

influence t r f i c  violation IRR's in restricted versus non-restricted &vers. This appears 

to be a more prominent effect when drivers with dnving restrictions are considered 

whereas the effect is almost negligible for drivers with a licensing restriction. When age 

category is controlled, it is apparent that age category is a confounder since the crude and 

adjusted incidence rate ratios differed, 

Table 10: Stratified Incidence rate ratios comparing conviction rates of 
drivers with and without restrictions 

s Gtifîed 
I Variables 
I 
1 

1 Sex 
I 

1 Residence 

Value 

Combined 
Male 

 med di cal 
1 Condition 

Age 
Category 

Combiced 
Rural 

M-H (Cnide7 
IRR Al1 
Resmcaom 
0.54(0.62) 
0.52 

1 16-24 I 0.99 1 0.95. 1.04 i 0.96 1 0.89, 1.04 1 1-02 1 0.97, 1.06 1 

Urban 
Combined 

Yes 
No 
Combined 

95% CI 

0.53,0.56 
0.50. 0.53 

0.56,0.59 
0.59.0.63 

0.60 
0.83 (0.62) 

0.77 
1.03 
l.Ol(0.62) 

M-H (Cnide) 
IRR Dnving 
Resuïction 
0.76(0.89) 
0.71 

0.93 (0.89) 
0.88 

0.88,0.98 
0.82.0.95 

0.63 (0.62) 
0.67 

0.58,0.61 
O.81,0.86 

0.75,O.SO 
0.97, 1.08 
0.99,1.03 

0.58 (0.57) 
0.61 

0.61,0.64 
0.65.0.69 

95% CI 

0.72,0.80 
0.67,0.75 

1-00 
N/A 
(He terogeneity) 

0.81 
1.32 
1.04(0.89) 

M-H (Cmde) 
RI2 Licensing 
Restriction 
O.SO(0.57) 
0.47 

0.92, 1.08 

0.74,0.89 
1.23, 1.41 
0.98,1.10 

95% CI 

0.49,0.51 
0.46.0.49 

0.56 
0.75 (0.57) 

0.75 
0.74 
l.Ol(0.57) 

0.54,0.57 
0.73, 0.77 

0.73,0.77 
0.68,0.80 
0.99,1.03 



3.4 Multivariate Poisson regression models: Objective 1 

3.4.1 Mode1 to predict 'cat-fault'' crash rate comparing drivers with and without 

any type of restricted driving license 

Univariate Poisson regression analysis of independent variables was completed to 

determine the contribution of independent variab les to predict "it-fault" crash rates. 

(Table 11) The Pseudo R~ value (defined as: l -L ino  where LI represents the value of the 

log likelihood Funchon with ail included variables and Lo only the constants7) is used to 

estimate the contribution of variables in predicting the mode1 where 1 represents perfect 

prediction. 

Table 11: Univariate Poisson regression analysis of independent variables 

and their association with Ccat-fault''crash rate. 

: Variable ~ 
I 

Interce~t 

AU variable terms inchding sex, location of residence, absence or presence of a 

P 

-2.7395 
~ e s m c k o n  1 0.1724 

medical condition or dnving restriction and age category appeared to be associated 

Female Sex 
Urba. residence 
Medical 
Condition 
Age category 
16-24 (ref) 
25 - 34 
35 -44 
45 -54 
55 -64 
65 -74 
75 - 84 

significantly with total crashes. Therefore each of these variables wiIl be included in the 

1 

-0.6920 
0.3262 
0.2390 

0.0066 
0.0063 
0.0067 
0.008 1 
0.0082 
0.0097 

-0.19 18 
-0.0581 
0.0 153 

-0.3044 
-0.2544 
-0.0706 

SE (B) 

0.000 
0,000 
0.000 
0.000 

0.0136 
0.0042 
0.0042 
0.0095 

Incidence 
Rate Ratio 

IRR 95% CI 

0.0037 
0.6897 
0.1493 
0.0145 

1 .O00 

0.826 
0.944 
1.015 
0.738 
0.775 

85 - 100 

0.0020 

0.0442 ( 0.0225 1.043 1 (0.998, 1.090) 

Log 
Likelihood 

-20411 
-6357 

-17429 
-20190 

1.188 ) (1.157, 1.220) 

0.060 

i 

0.50 1 
1.386 
1 -270 

0.932 1 (0.914, 0.950) 

(0.8 15, 0.836) 
(0.932,0.955) 

P 
value 

(0.496,0.505) 
(1.374,1.397) 
(1 .247, 1.294) 

0.000 
0.000 

0.000 

t 

-18966 

-20486 

Pseudo 
R~ 

I 

0.0742 

(1.002, 1.029) 
(0.726, 0.749) 
(0.763,0.788) 

1 0.0000 

1 0.022 
0.000 
0.000 



multivariate Poisson regession mode1 at this stage. Below are the results of the  tata@ 

output for the main effects model which includes alI independent variables. (Table 12) 

Table 12: Main effects mode1 for cCat-fauIt" crash rate for drivers with or \vithout 

any type of driving restriction 

Al1 of the variables significantly contribute to the model. It was Eaiown fiom the 

95% 
Confidence Interval 

(0.890,0.952) 

Variable 

Any License 
Restriction 

Femal e Gender 
Urban Location 
Medical Condition 
Age 16-24 

(re ference) 
Age 25-34 
Age 35-44 
Age 45-54 
Age 55-64 
Age 65-74 
Age 75-84 
Age Greater than 85 

stratified analysis, however, that there is likely effect modification at least by medical 

Incidence 
Rate Ratio 

0.920 

condition. To assess for interaction, there is a possibility of ten 2-way interaction terms 

0,499 
1.378 
1.280 
1.000 

0,842 
0.98 1 
1.053 
0.757 
0.782 
0.9 14 
0.958 

given that there are 5 independent variables. Seven of these interaction terms were 

(0.495,0.504) 
(1.367, 1.390) 
(1 -250, i -3 1 1) 

(0.832,0.854) 
(0.969,0.994) 
(1.039, 1.067) 
(0.745,0.769) 
(0.770,0.795) 
(0.897,0.932) 
(0.916, 1.000) 

selected for possible inclusion in this model for the following reasons: 

Restric*sex -men who have a restriction may have their crash rate affected to a 

different degree than women with restriction, since "at-faulty' crash 

rates Vary greatly between these groups 

Restric*age category -the effect of age on restriction may affect crash rates differently- 

the elderly may be more affected than the young 



Restric*locat -the effect of restriction on crash rate may be different for rural and 

urban drivers, since specific driving restrictions and the effect of 

restriction rnay vary by location 

Restric*rnedcond -the effect of restriction on crash rate rnay be different for drivers 

- with and without an identified medical condition, suice drivers 

without an identified medical condition and dnving restriction may 

have been identifïed for resûiction in a different rnanner (eg poor 

driving record) 

Sex*Age category -the effect of age category on sex rnay affect crash rates since there 

is such a disparity in the crash rates between men and women 

Medcond*Age category -the effect of medical condition on crash rate may be 

different across age categories, since specinc medical conditions 

would be more Likely in certain age categories 

Sex'medcond -The effect of presence of a medical condition may affect crash 

rates differently, since men and women rnay have different types 

of medical conditions 



Table 13: Effect of interaction terms, individually, on the main effects mode1 

for Ccat-fault9T crash rate comparing drivers with and without any type of driving 

restriction 

Restric*sex 
RestriceAge category 
(Reference=Ral> 

Sa4 
Sa5 
Sa6 
Sa7 
Sa8 

Medcond*Age category 
(Referenc~Mal) 

Ma2 
Ma3 
Ma4 
iMa5 
Ma6 
Ma7 

By comparing models with added interaction terms, the interaction tems 

Restric*sex, Restric*locat, Restric*medcond, Sex*Age category, Sex*medcond and 

Medcond'Age category were found to be statistically significant. (Table 13) However, it 

should be noted that the Pseudo R~ values do not change considerably with addition of 

Incidence 
Rate Patio 

P Pseudo 
R~ 

IRR95% CI SE (P) 

0.9256 I 

P 
value 

I 



these interaction texms except for Sex*Age category which increases the pseudo R' value 

by greater than 1 % korn 0.9256 to 0.93 57, Therefore the most parsimonious mode1 will 

include the main effects model with the interaction term Sex*Age cafegory. (Table 14) 

Table 14: Final model to predict "at-fault" crashes comparing drivers with any 

type o f  driving restriction to drivers without driving restrictions 

95% 
Confidence Interval 

(O-890,0.952) 

(0.45 1,0.469) 
(1.368, 1.391) 
(1 -247, 1.308) 

(0.788, 0.814) 
(0.899,0.927) 
(1.036, 1.070) 
(0.753, 0.783) 
(0.749, 0.779) 
(0.861,0.901) 
(0.856,0.945) 

(1.124,1.187) 

(2.183, 1.245) 

(0.98 1, 1.037) 

(0.930, 0.995) 

(1-038, 1.113) 

(1.081, 1.176) 

(1.188, 1.480) 

Variab le 

Any License 
Restriction 

Fernale Gender 
Urban Location 
Medical Condition 
Age 16-24 

(reference) 
Age 25-34 
Age 3 5-44 
Age 45-54 I 

Incidence 
Rate Ratio 

0.921 

0.460 
1.379 
1.277 
1.000 

0.80 L 
0.913 
1 .O53 

Age 55-64 
Age 65-74 
Age 75-84 
Age Greater than 85 
Female Gender* 

Age 1 6-24 (reference) 
Female Gende? 

Age 25-34 
Female Gende? 

Age 35-44 
Female Gende? 

Age 45-54 
Female Gende? 

Age 55-64 
Female GendeF 

Age 65-74 
Female Gende? 

Age 75-85 
Female Gende? 

Age >85 

0.768 
0.764 
0.88 L 
0.899 
1 .O00 

1.155 

1.213 

1.008 

0.962 

1 .O75 

1.127 

1.326 



3.4.2 Summary of MuItivariate Poisson Regression Models 

Six multivariate Poisson regression models, simikir to the above, were constructed 

to explain "at-fault" crash rates and trafic violation rates for Saskatchewan drivers. For 

both the crash rate and trafic violation rate models, three models were developed where 

the type of drïving license restriction was any type of restriction, a driving restriction or 

licensing restriction. (Multivariate Poisson regression models 2 to 6, Appendix I) From 

the univariate analysis with the independent variables, ail independent variables were 

found to contribute significantly to each model and therefore al1 were included in the 

main effects models. For each conviction rate model, the pseudo R~ value was greater 

than 99.5% and no interaction tenns were found to contribute substantially to the models. 

(Table 15) For each of the "at-fault" crash rate models, the pseudo R~ was again high at 

greater than 93.5%, however the interaction term combining sex and age category did 

contribute to the models by increasing the pseudo R' value by greater than 1 %. 

Although the pseudo R~ values for each model were large, the Chi square test for 

goodness of fit for all models of convictions and "at-fault" crashes remained significant 

for the final models, suggesting that a statistically important portion of the information 

remained unexplained for these models. 



Table 15: Summary table of six multivariate Poisson regression modeis for 

ccat-fault" crash rates and traffic violation rates of Saskatchewan drivers with and 

without different types of driving restrictions 

Mode1 
Outcome 
Measure 
1- Crash rate 

3. Crash rate 

1 restriction 1 sex, residence location, presence 1 category 1 (0.90,0.96) 1 

Pseudo 
R' 

Interactio 
n Terms 

Mode1 
Restriction 
variable 
AU restrictions 

5. Crash rate 

Adjusted 
XRR's 

Ludependent variables 

Dnving restriction 

violation 1 1 sek, residence Iocation, presence 1 1 (0.85,0.90) 

Age category, driviag restriction, 

Licensing 

2. T6c 

se% residence Location, presence 
or absence of  medical condition 
Age category, driving restriction, 

1 (95%CT) 
Sex*Age 1 0.92 

sex, residence location, presence 
or absence of medical condition 
Age category, driving restriction, 

Al1 restrictions 

rate 
4. Traff~c 
vioIation 

0.9357 
category 

SextAge 

rate 
6. Traffic 
violation 

3.5 Time Series Analysis: Autoregressive Integrated Moving 

category 

Sex*Age 

or absence of medicd condition 
Age category, driving restriction, 

Driving restriction 

rate 

Average (ANMA) Models: Objective 2 

Cnide cornparisons of "at-fault" crash rates before and &er the driving 

restriction interventions are presented in Table 16. Cornparison of driving records for 

drivers pre and post imposition of a driving restriction demonstrated a decline in the 

incidence rate for both "at-fault" crash rate and traffic violation rate for each type of 

restriction imposed. It is inappropnate to conduct a test of statistical significance of these 

differences, because of the lack of independence between the before and after figures. 

(0.89,0.95) 

1-06 

Licensing 
restriction 

1 or absence of medical condition 1 

0.9402 
(0.98, 1.14) 

0.33 

0.87 

or absence of medical condition 
Age category, driving resûktion, 
sex, residence location, presence 

0.9364 

0.993 1 

or absence of medical condition 
Age category, driving restriction, 
sex, residence location, presence 

1 
O -94 
(0.89, 1.00) 

0.9955 

1 
0.86 
(0.83,0.88) 

0.9951 



Table 16: The effect of imposition of a driving restriction on drivers 

determined by comparing pre and post C(at-faulty' crash and conviction rates 

Restrictions Incidence Rate Incidence Rate 
Pre-Restriction Post-Restriction 

years) 
Crash / AU 
Restrictions 

1 Crash I 12-5 1 8 .O 

Licensing 
Restrictions 
Convictions/ 11-7 10.2 
.Ul Restrictions 
Convictions/ 18.9 14.5 
D riving 
Restrictions 
Convictionsl 11.1 9.4 
Licensing 
Restriction 

incidence Rate 1 95% Confidence 
~ a t i o  1 intervals 

3.5.1 Interventional Time Series ARIlMA mode1 for ccat-fault'' crashes pre and post 

driving restrictions 

The plot of the time series analysis for drivers with any type of restriction (Figure 

6 )  demonstrates instability at the extremes of the plot, due to the small nurnber of drivers 

in the denorninator of the ratio. Due to tbis instability al1 ARTMA models were based 

only on interval 172 to 588 (8 year spa.).  A gradua1 increase in "at-fault" crash rate is 

noticeable prior to the intervention point. A slight decrease in the crash rate occurs 

immediately before the intervention. The best ARIMA mode1 (1,1,1) (Appendix L) 
. 



provided a reasonably good description of the data. Differencing was implemented 

initially since a trend was noted prior to the intervention. A single MA term was added to 

the model since the lag 1 autoconelation was negative. The lag 6 and lag 12 q statistics 

were not s i p h i n t  (0.572 and 0.176 respectively) suggesting a reasonable fit of the 

model. The coefficient for the restriction variable was -0.505 with a t ratio of -3.63, 

This coefficient represents a significant decrease in the "at-fault" crash rate of 0.505 

crashes per 1 O00 &vers per week or approximately 2.6 crashes per 100 person-years 

At-Fault Crash Rates 

driving. 92 

Figure 6: Time series plot of "at-faultyy crash rates for drivers pre and post 

restriction over an 8 year time span 

Time series ARIMA models were also constnicted for drivers with driving and 

licensing restrictions specifically. (Appendix K) The same time interval were used for 



these models and once again as can be seen on the hme senes plots, the rates are unstable 

at the extremes of the intervals. The Model fit for dnving restrictions was a (3-6,0,5) 

model and the fit was acceptable since the lag 6 and lag 12 q statistics were not 

signïficant. The coefficient for driving restriction was -0.76 with a t ratio of -4.53 once 

again demonstrating a signi£icant drop in the "at-fault" crash rate. The licensing 

restriction model (0,1,1) had a better f i t  with no signi6lcant lag q statistics, however, the 

coefficient for licensing restriction was smder  at -0.45, but still significant (r =2.44). 

3.5.2 Interventional Time Series AEUMA mode1 for convictions pre and post driving 

restrictions 

The t h e  senes plot for driving conviction rates pre and post any restriction 

demonstrates a trend for decreased convictions after restriction. (Figure 7) The A R M A  

model (5,0,1-2) provides a good fit of the data, as indicated by the lag 6 and lag 12 q 

statistics (0.613 and 0.343 respectively). The model coefficient (-0.20) reveals a 

significant decrease (t ratio -3 -5 1) indicating that the conviction rate decreases by 1.0 

convictions per 100 person-years driving. 

Conviction Rates 
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Figure 7: Time series plot of conviction rates for drivers pre and post restriction 

The time series plot for those with driving restrictions does not reveal any obvious 

trends for conviction rate following implernentation of the resfrïction. (Appendix K) 
- 

However, on the hme series plot for Licensing restriction there is a noticeable decrease in 

the conviction rate after the intervention. The ARIM-A rnodeIs for driving restriction 

(3,0,2) and licensing restriction (5,0,1-2) were each satisfactory with non-significant lag 6 

and lag 12 q statistics. The driving restriction intervention was not significant for 

reducing conviction rate (t ratio -1 .O9), however the iicensing restriction intervention was 

signincant (-3.49) for reducing conviction rate with an effect of 1 conviction per 100 



Chapter 4: Discussion 

4.1 Summary of Results 

This retrospective cohort study revealed that drivers with either a driving 

or licensing restriction had unadjusted "at-fault" crash rates higher (7.6 per 100 person- 
- 

years) than the general population with class 5 driver Gcenses (6.4 per 100 person-years). 

Unadjusted trafic violation rates for drivers with restrichons were lower (10.2 per 100 

person-years) than the general population (16-4 per 100 person-years). However, when 

multivariate Poisson regression models were used to control for independent variables, 

drivers with either a driving or licensing restriction were found to have a Iower relative 

risk for "at-faurt" crashes (0.92, 95% confidence interval 0.89 to 0.95) compared to 

drivers without restrictions. The relative nsk for traffic violations remained lower for 

drivers with resûicted licenses (0.87, 95% confidence intemal 0.85 to 0.90) after 

controllhg for independent variables in rnultivariate Poisson regression models. Time 

series analysis dernonstrated a significant reduction in "at-fault" crash and t r a c  

violation rates following the imposition of driving or licensing restriction. 

4.2 Demographics 

Of the 703,758 Saskatchewan drivers who were eligible for this cohoa 

study, 23, 185 of these drivers had a driving or licensing resbnction at some point in the 

greater than 7 years of follow-up that this study spans. There are relatively more rural 

dwelling drivers with restricted licenses compared to urban dwelling residents. This may 

be due to the fact that public transportation systems are better developed in urban centres 

and therefore drivers who would require a restricted license to drive are more likely to 

access these systems to maintain comrnunity mobility. It may be  expected that driving . 



conditions in urban centres are more demanding due to complexity of routes and density 

of trafic, and that restricted licenses are therefore less likely to be granted for driving 

environments that would be at Ïncreased nsk for drivers with limited capabilities. 

For this study there were slightly more female drivers than male drivers in 

the generai population, in contrast to restricted drivers where there was a preponderance 

of male drivers (61.5%). it might be expected that there are more male drivers than 

female drivers in the popdation, but in this study al1 drivers with a license class higher 

than a general license (220,808) were excluded from the cornparison control population. 

Although the demographic of these excluded drivers was not examined, it is iikely that 

the rnajority of these drivers were male since a higher class of license is required for 

commercial drivers and most commercial drivers are male. (Appendix A) For this study, 

these &vers were excluded, since driving and ficenskg restrictions would not be 

applicable to commercial (higher license class) drivers, and the "at-fault" crash and 

traffic violation rates has been shown to differ between class 1 and class 5 drivers in 

Saskatchewan 4. 

The fkequency of drivers by age category followed a predictable pattern 

for the reference population with more drivers in the 25 to 44 year old age range and 

fewer drivers in the younger and older age categories. As would be expected, restricted 

licenses are skewed toward the older age categories, and are in fact greatest (20-8%) for 

the 75 to 84 year old age category. The identification of a medical condition behaves 

similarly to age category with only 0.5% of the population without any type of restriction 

having an identified medical condition versus 90% of drivers with a driving or licensing 

restriction. This high rate of identified medical conditions is anticipated, since the 



driving and Licensing restriction designations are based on the premise of medical 

conditions and associated physical and cognitive impairments that may affect driving 

ability, 

The outcome measurernents for this study were crash rate and traEc 

violation rates; which have been routinely used in the driving Literature to compare 

driving populations and evaluate interventions designed to influence crash rates. 

82750J6=i1*72-74*8393-95 The eequency distributions of "at-fault" crashes and tranic 

violations for individual dnvers appear to foilow a Poisson distribution for the control 

population as weli as for drivers with driving and licensing restrictions (Figures 4 and 5). 

The Poisson distribution is recommended for use to analyze data when the outcome 

variable is discrete as with the outcome measures "at-fauit" crashes and traffic violations 

in our study. 87*88 In this study the basic assumptions required to use Poisson regession 

are met. Clearly "at-fault" crashes occur independentiy for different drivers and for the 

sarne driver at different points in tirne. The iikelihood of an "at-fault" crash is 

proportional to the number of drivers studied and the nsks for crash are relatively 

homogeneous across people and time. For example, a poor driver remains at the same 

nsk of M e r  crashes since driving ability is unlikely to change as a result of previous 

crashes or time. Trafic violations as an outcome measure, also meet these assumptions, 

however, the possibility of simultaneous violations as the result of one incident is greater 

than for crashes (eg. a driver may be charged with more than one offence for a single 

drivùlg incident). Support for assuming a Poisson distribution cornes £kom previous 

studies that have successfully used Poisson regression analysis to mode1 crash rates and 

traffic violation rates. 27.62.74.75 



The unexposed population for this study appem to reflect a general 

population of drivers with class 5 (general licenses). The exposed population, drivers 

with driving and licensing restrictions, has anticipated dBerences in age category, 

gender, residence Iocation and presenc e of identified medical conditions, supporting the 

need for control of these variables in order to make meaningfûl cornparisons with regard 

to the effectiveness of restricted licensing. 

4.3 Incidence Rates 

4.3.1 cCAt-fault'' Crash Rate 

For drivers with either driving or licensing restrictions, the unadjusted "at- 

fault" crash rates were higher than those of the unrestricted population. Although driving 

and licensing restrictions are quite different in nature, in that a drïving restriction puts 

direct limitations on the ciriving task compared to scheduied assessrnents for licensing 

restrictions, the incidence rates for any restriction, driving restriction and licensing 

restriction were quite similar. There was a marked difference in incidence rate for gender 

with males demonstrating twice the crash rate of fernales. The increased crash rate for 

males has been s h o w  in previous studies 56*8396 and holds even after increased driving 

exposure for males has been accounted for? The incidence rate for rural &vers was 

lower than for urban drivers. This result is not unexpected since drivers in rural regions 

are likely to expenence conditions quite distinct fkom urban drivers where there is a 

higher density of traffic and increased fiequenc y of intersections. The increased 

incidence rate of "at-fault" crashes for dnvers with identified medical conditions is 

consistent with previous literature iden t img medical irnpairments as affecting the 

abili ty to drive. 7,42,48,50,62,66,97-99 



In this study age category and c'at-fault" crash incidence rate does not 

demonstrate the typical 'V"-shaped pattern where older and younger dnvers have higher 

crash rates compared to rniddle aged cirivers. 57"96 In fact, drivas in the 45 to 54 year 

old age group have an "at-fault" crash rate very similar to the youngest and oldest age 

groups. The increased crash rate for younger drivers has been explained by increased risk 

taking behaviors and inexpenence, whereas for older drivers, increasing frequency of 

medical. problems and physiologie changes related to aging have generally been proposed 

as explanations for increased crash rates. "*loo The explanation for Uicreased crash rate 

for drivers in the 45 to 54 year old age goup in this dataset is not obvious. One 

explanation May be related to the likely increased amount of driving exposure for this 

group compared to the younger and older age groups which in other studies have been 

shown to drive less frequently. 'O' Since this study is retrospective, achral driving 

exposure is not available and cannot be controlled for in any groups 

4.3.2 Traffic Violation Rates 

The incidence rate for traffic violations is actually lower for drivers with 

driving or licensing restrictions compared to the control population. The lower incidence 

rate is more marked for drivers with licensing restrictions than for those with driving 

restrictions. As with "at-fault" crash rate there is a striking difference in tra£fic violation 

incidence rates comparing men (25.2 per LOO person-years) and women (8.3 per 100 

person-years). Driving exposure is again the most likely explanation for the difference in 

rates between men and ~o rnen . '~  A second factor may be increased nsk taking behaviour 

in men compared to women, which has been documented in relation to driving.lo2 



Incidence rate trends for trafic violations were sirnilar to those found for 

"at-fault" crash rates when residence location is considered. Rural drivers had a lower 

rate compared to urban drivers. Decreased complexity of driving as wel1 as decreased 

likelihood of observation of violation may contribute to this lower rate. Presence of an 

identified medical condition also was associated with a lower tra£lïc violation rate. 

There is an evident inverse relationship between age and traffic violation 

rates. The most plausible explanation for this effect of age is due to increased nsk taking 

behavior, which has been s h o w  to be highest in young, single males. 'O2  Increased 

driving exposure is not a likely explanation for this trend, since younger drivers tend not 

to have the highest driving exposure compared to middle aged drivers? 

4.4 Cornparison of restricted versus non-restricted drivers: 

Objective 1 

4.4.1 CcAt-fault'' crash rates 

StratifÏed cornparison of "at-fauit" crash IRR's for restricted and non-restricted 

dnvers by age category, gender, and residential location did not demonstrate substantial 

confounding or effect modification. However, effect modification was demonstrated 

when presence or absence of an identined medical condition was used. When al1 drivers 

with an identified medical condition are compared, the relative risk for drivers with a 

restricted license is actually lower (0.89; 95% coddence interval 0.85 to 0.92). In 

contrast, for all drivers without an identified medical condition the relative nsk is 

significantly higher for those drivers with a restricted license (1 -29; 95% confidence 

interval 1.19 to 1.39). This effect modification indicates that an interaction term 

containing restriction and medical condition needed to be considered for inclusion in 



M e r  multivariate analysis. Alîhough this term was statistically significant, it did not 

contribute much information to the final mode1 and was therefore not included. It is 

possible that these &vers may have been identified in another manner, such as poor 

driving record, since unlike the majonty of drivers with reshcted licenses, these drivers 

have no identified medical condition. - 

Each of the three multivariate Poisson regression models included a11 independent 

variables in this study as well as the interaction term comprising age category and gender. 

For prediction of "at-fauit" crash rate, all independent variables contributed significantly 

to each model except in the model for drivers with a driving restriction, where the relative 

nsk for ccat-fault" crash &th a restricted license was not significant (In fact, in the two 

models including either any restriction or only a licensing restriction, the relative risk for 

drivers with restriction is significantly lower compared to drivers without restriction.) 

Controllhg for gender, age category, absence or presence of a medical condition and 

residential location changes the "at-fault" crash cmde relative risk for any restriction 

fiom 1-19 (95% confidence interval 1-16 to 1.22) to a relative risk of 0.92 (95% 

confidence interval 0.89 to 0.95). The only interaction term providing a substmtial 

contribution to the model was the term cornbining gender and age category. As 

postulated in the mode1 building, this interaction term likely affects crash rate since there 

is a disparity in crash rate for male and female drivers and (although not shown in this 

study) older drivers are more likely to be male and have higher crash rates than middle 

aged drivers. 

There is relatively little literature evaluating the impact of restncted 

licensing, and the few available studies al1 date back to the 1960's and early 1970's. One 



of the first studies to investigate chronic medical conditions and their effect on driving 

was a California based case control study cornpleted by Waller et al9% 1965. In this 

study they were able to estimate driving exposure and provided crash and violation rates 

in relation to miles dnven, versus person-years of driving as in our study. These authors 

found much higher crash and vioIation rates for drivers with chronic medical conditions 

compared to a sample kom the general driving population. Due to reporting Iaws at that 

time, there was a bias towards including drivers with substance abuse problems and 

akoholism, which were exchded fiom the current study. Epilepsy was dso prevalent in 

the study population since it was the only mandatory reported medical condition at that 

tirne. A study by Trenton et al9' in 1973 looked at accident and violation rates of drivers 

in Oklahoma Al1 disease categories in this study were found to have higher crash rates 

relative to other drivers in Oklahoma, however the only factor controlled for in this study 

was sex. These study results are in contrast to a more recent Canadian case control study 

that found elderly drivers with chronic medical conditions are not at increased nsk of 

cra~hes.'~ Driverç in this case contcol study were identified through crashes and were then 

compared to controls of sarne sex, sùnilar age and residence location. 

Few studies, however, have directly addressed the effectiveness of 

restricted licensing prog-rarns.''3 Crancer et als3studied accident and violation rates of 

medically restricted drivers in Washington State retrospectively kom 1961 to 1967. This 

study reviewed drivers with both driving and licensing restrictions. Licensing restrictions 

were reported by diagnosis and the authors found that those with heart disease and vision 

detenoration did not have increased crash or violation rates. Licensing restrictions for 

drivers with medical conditions including diabetes meIlitus, epilepsy, faùiting and O ther 



conditions did have higher crash and n&c violation rates than a control population, 

when age and sex were controlled for. Medical driving restrictions were also evaluated, 

and overall traffic violation and crash rates were increased compared to the control 

population. However, when stratified by age and sex, women drivers with driving 

restriction had a higher crash and violation rate whereas men actually had lower rates 

than controls. The authors were unable to explain their flndings. For this study 

completed in the 196OYs, there are likely differences in the restricted driver population 

compared to those in our current study. The reporting requirements have changed since 

the 1960's for Washington stateS and as well disease prevalence has changed with more 

of a preponderance of chronic medical conditions such as Alzheimer's d i ~ e a s e . ~ ~  Also 

the driving reshctions identified in this study were different ffom those defined in 

Saskatchewan. Cramer et al8' mention that the majority of dnving restrictions are related 

to vehicle modifications, whereas in ou .  study population the majority of driving 

restrictions involved modifications to driving conditions such as driving only during 

daylight hours or within a certain radius of the driver's home. 

In 1994 Medgyesi and ICoch4 studied the effect of medical impairments on 

driving for Saskatchewan drivers fiom 1980 to 1989. This retrospective case control 

study demonstrated that drivers with licensing restriction for most medical conditions had 

higher "at-fault" crash rates compared to controls matched for age category, sex, class of 

license and residence location. Medical conditions associated with higher "at-fault" crash 

rates included alcohoVdrug dependence, cardiovascular disease, cerebrovascular disease, 

disorders of CO-ordination and muscdar control, diabetes mellitus, essentiai hypertension, 

seizure disorders and visual disorclers. These hndings are in contrast to the current study 



findings which have demonstrated that overall Saskatchewan drivers with licensing 

restrictions (the only type of restriction studied by Medgyesi and ~och') have a lower 

"at-fault" crash rate than non-restricted dnvers, when age category, sex, presence or 

absence of an identified medical condition and residence location are controlled for. 

One explanation for the differences in h h g s  of these two studies is that 

for the study by Medgyesi and ICoch4 the Traffic Accident Information System (TAIS) 

dataset was used. (Appendix H) For our current study, the Claims dataset maintained by 

Saskatchewan Govenunent Insurance was used instead of the TAIS dataset. As outlined 

in the methods section (section 2.2.7), we found that the TAIS dataset reported far fewer 

crashes than identified through the Claims dataset. A m e r  limiting feature of the TAIS 

dataset was that fault was not clearly assigned. Fewer crashes are likely reported in the 

TAIS dataset due to the requirement of a rninimum of $1000.00 darnage as a result of a 

crash. Therefore it is possible that the crashes reported in the study by Medgyesi and 

~ o c h ~  would tend to be on average more severe than in our study, since the reporthg 

threshold for the Claims database is lower. We did not rank crash severity in our study 

due to limitations of data available £kom the datasets provided. Claims costs were 

considered as a possible proxy for crash severity, but on discussion with representatives 

from SGI it became clear that cost is not a good indicator of severity. For instance, any 

type of claim where personal injury is involved would drive up claims costs regardess of 

other more pertinent indicators of severity such as fatalities. 

Our study design also differed f?om Medgyesi and ICoch4 in that we used a 

retrospective cohort design in contrast to a case control design. Our study included al1 

eligible restricted drivers as well as al1 eligible Saskatchewan drivers with class 5 



(general Licenses). From this design we were able to determine true relative nsks while 

controlling for similar independent variables. Megdyesi and ICoch4 report "at-faulf ' and 

"not at-fadt" crash rates, but do not provide odds ratios or relative nsk estimates. These 

study differences sugsest why the studies may have shown different results on a similar 

population with the primary difference being h e  period. - 

Although each of the multivariate Poisson regression models for 

estimating "at-fault" crash rates yielded a Pseudo R~ value of at least 0.936, representing 

good explanatory power of the mode18*, the Chi square test for goodness of fit for each 

mode1 remained si@ficant. This could possibly indicate that the data are not necessarily 

Poisson distributed, However we believe tbat in fact the data are largely Poisson 

distributed, but as a result of the large size of the dataset, small differences are 

statistically sigdïcant. Although further interaction terms could have been added to the 

models since they made a statistically significant contribution, they did not substantidly 

change the Pseudo R' value. 

4.4.2 Traffic Violation Rates 

Stratified cornparison of trafic violation rates for restricted and non- 

restricted dnvers by gender and residential location did not demonstrate substantial 

confounding or effect modification. Age category is clearly a confounder when 

comparing trafic violation rates of restricted versus non-restricted drivers. When age 

category is controlled for the combined Mantel-Haentzel incidence rate ratio is 1.01 

compared with a cmde IRR of 0.62. The combined and crude estimates differ since 

younger age categories have higher violation rates, but are less likely to have reshicted 

licenses. Waller et al demonstrated a similar trend for increased traffic violation rates for 



younger drivers, however, they showed that the rate actuaUy increased for drivers over 60 

when driving exposure was accounted forsg6 Age category was controlled for, as with al l  

independent variab les in the multivariate Poisson regression models. 

The three multivariate Poisson regression models developed to describe traffic 

violation rates for drivers with driving restriction, licensing restrictions or either 

restriction represent an excellent fit to the data, with a Pseudo R~ value of 0.995. Each 

mode1 contains the independent variables used in this study including age category, 

gender, residence location, presence or absence of a medical condition and type of 

restricted driver's license. No interaction terms were found to contriiute substantially to 

the models, since the Pseudo Et2 value did not change demonstrably. When independent 

variables are controlled for, the IRR increases fÏom the crude/ unadjusted relative nsk of 

0.62 (95% confidence interval 0.61 to 0.63) to 0.87 (95% confidence interval 0.85 to 

0.90). Drivers with a restricted license are thus less likely to have a traffic violation than 

drivers without restriction. 

Tr-c violation rates have been used as outcome measures in other 

studies assessing the impact of chronic medical conditions and restricted licenses on 

dnving,5078393"6 although, the usual primas. outcome is crash rate. Trafic violations may 

not be as good a proxy measure of dnving ability as "at-fault" crashes, since clearly all 

drivers wish to avoid a crash. Contrary to this, many drivers volitionally decide to break 

the law by speeding or completing driving fractions, which unless caught rnay not have 

negative consequences. This is reflective of nsk taking behaviour, which although it has 

been s h o w  to put a driver at increased crash riskLo2, does not necessarily represent 

driving ability. 



Most studies that have looked at traffic violation rates have shown an increased 

rate for drivers with chronic medical conditions. 83,93,96 As for crash rate, Waller 

96identified an increased tra£fic violation rate for &vers with chronic medical conditions 

when miles driven were controlled for. Trenton et alg3 published similar fïndings. 

Grancer et alB3 also found that Washington State dnven with Licensing restrictions had 

increased trafic violation rates relative to controls. For drivers with driving restrictions 

men were found to have lower rates than a cornparison population, but as with crash rate, 

women with driving restrictions had a higher trafic violation rate. 

4.5 Impact of initiation of driving and Licensing restrictions: 

Objective 2 

4.5.1 Conviction and CCAt-fault'' Crash rates 

Objective 1 for this study investigated the "at-fauit" crash and violation 

rates for drivers with restrictions compared to the general population. Although it is clear 

fkom the results that drivers with a restriction have either a decrease or no difference in 

relative risk for "at-fault" crashes, no uiformation is provided with regards to the effect of 

the imposition of the dnving or licensing restriction in individuals. When comparing the 

crude, pre and post conviction and "at-fault" crash rates, there appears to be a dramatic 

drop in crash rate, as well as conviction rate following the imposition of a restriction. 

The impact was largest for drivers with driving restrictions who pnor to the restriction 

had a hi& "at-fault" crash rate of 12.5 per 100 person-years, which decreased to 8.0, 

however this change may certainly have been biased by events that led to the restriction. 

Medgyesi and ~ o c h '  also studied "at-fault" crash rate for drivers with 

licensing restrictions in Saskatchewan from 1980 to 1989. In this case control study, they 

. 



were able to demonstrate similar improvements in crash rates with imposition of a 

licensing restriction for medical impairments. 

4.5.2 Time Series Analyses 

Evaluation of the effect of restricted Iicensing as an intervention cannot be 

completed using multivariate regression rnethods or categorical analysis since these types 

of analyses require that the assumption of independence be met. However, in contrast to 

this, h m e  series analysis actually is based on autocorrelation of sequential, dependent 

obser~ations?~ This dataset iç especially suited for time series analysis since the tirne 

period analyzed is greater than seven years and, as well, time series analysis has 

fiequently been used to evaluate community wide interventions. 77,90,L03,104 

All ARIMA models dernonstrated a significant impact of restricted licensing for 

reducing "at-fault" crash and conviction rates. On examination of the plots, there is a 

general tendency for increasing rates of "at-fault" crash and conviction rates as the 

intervention interval is approached. This is likely reflective of both an aging effect with 

advancing time as well as possible deterioration of physicai and cognitive health which is 

the likely precursor to the need for a restricted license. Another possibility for the higher 

"at-fault" crash rate in the pre restriction group could have been that drivers were 

identified for restriction through their crash or traEc violation record. This could also 

account for higher crash rate trend. However, on discussion with personnel at SGI, it 

appears that most dnvers with restrictions are not identified in this rnanner, but through 

personal medical information provided on annual renewal of driver Licenses and through 

p hysician reporting. 



The time series plots also show a reduction in crash and conviction rates just pnor 

to the actual intervention interval. There may be several possible explanations for this. It 

is possible that either an acute illness or negative driving event may Eave caused drivers 

to re* fkom driving and therefore decrease their exposure to risk. It is also possible 

that drivers may have been notified of their change in driving statu pnor to entry of - 

information into the cornputer database. 

Clearly, restricted licenses have an impact on crash and conviction rates for 

drives with medical disability. From the analysis, however, drivers with a drivùig 

restriction have a more significant drop in the "at-fault" crash rate. This difference could 

be a result of the generd difference between driving and Licensing restrictions. For 

instance a driving resû5ction may actually Limit the driving task to the tnie ability of the 

driver with limitations, whereas a licensing restriction serves only in a monitoring 

capacity, allowing drivers to continue to drive in higher nsk situations. However, the 

method by which restricted licensing is effective in improving the "at-fault" crash and 

conviction rates could not be explored in this study. A likely possibility is that once 

drivers have been fomally informed of a concem about their driving ability, they change 

their driving pattern either by driving more cautiously or by driving less Eequently, 

which will decrease exposure nsk to crashes. 

No previous studies have examined restricted licensing using tirne series analysis 

methods. However, time series analysis has been used successfûlly to assess traffic 

violation and crash rates following introduction of new driving laws and programs. 77, I O3 

Voas et al1'' successfully used hme series analysis to evaluate a state level initiative to 

reduce unlicensed driving. This study used 'iebra"/ striped stickers for licence plates of 



persons with suspended licenses. This study revealed the new program had significant 

effects on violation rates, whkh the authors beiieve to reflect behaviour, but crash rates 

did not change. Hagge and ~o rnanowicz~~  evaluated the California driver license 

program using an interventional tirne series approach. In this well designed study, the 

authors found that the introduction of the drïving program had no s i m c a n t  impact on 

crash rate. Zn contrat to o u  study, each of these studies had to contend with seasonality, 

since crashes are more likely to occur at different times of year. In this study, seasonal 

trend for crashes appears to have been averaged out since drivers would have individual 

start dates, which had to be adjusted for by sening al1 drivers to a common interval for 

restriction start date. 

4.6 Study Strengths and Weaknesses 

This study has a number of strengths that allow the results to be of value 

for evaluating the effectiveness of restricted licensing for drivers with medical 

impairments. The SGI datasets included ail drivers in the province of Saskatchewan. The 

data provided seven years of follow-up for most Saskatchewan drivers and when the 

datasets were linked few errors or missing values were encountered. The data also 

clearly identified dates of violations and crashes so that pre and post driving and licensing 

restriction cornparisons could be made by using interventional tirne series analysis. The 

province of Saskatchewan also provided an ideal setting for the evaluation of restricted 

licenshg, since this practice is encouraged compared to o h r  provinces such as Ontario 

where restrïcted licensing in not endorsed.' 

Since the study design was a retrospective cohort study, relative nsks for 

drivers could be detennined. The discrete outcomes and the ability of the data to be 



converted to person-years of driving exposure, alIowed for multivariate Poisson 

regression modemg to control for independent variables and their effect on "at-fault" 

c-h rate and trafEc violation rate. 

As with any study, there were also significant limitations present. One of 

the primary weaknesses of this study was the inability to control for driving exposure 

which is likely to be less for drivers with reshictions. With regards to residence location, 

only the residence location on the date the datasets were created was available. It was 

therefore possible for a driver to have driven greater than 6 years in a rural location, only 

to have it attributed to urban driving as a result of a recent move. The seventy of the "at- 

fault" crashes was also not available. Certainly the severity of the crash could influence 

the interpretation of the results of the study, since in essence these are the events of 

conçequence which are most concerning to society. In this study, specific driving and 

licensing restrictions as well as çpecific medical diagnoses were not explored, since the 

objective was to evaluate the restncted licensing process for al1 conditions combined. 

Therefore, the effectiveness of restricted licensing at the individual level cannot be 

estimated. 

The method of identification of &vers for medical conditions and restrictions is 

not known and this bias, as discussed above, may have Uinuenced the results. Also, since 

compliance with restrictions was not monitored, we cannot be assured that the results are 

truly due to the imposed restrictions. 

4.7 Implications for Future Research 

Restricted licensing for medical irnpairments appears to be an effective 

intenrention. However, the reasons why it is effective remain unproven. Further 



prospective study will be required to d e t e d e  what specinc factors lead to the 

decreased "at-fault" crash and trafflc violation rates. A prospective study wodd also 

allow assessrnent of dnving exposure, which would then provide a true, the-based 

estimate of crash and violation n s k  ClearLy the specific driving and licensing restrictions 

each need to be evaluated as well as specisc medical diagnoses / impaïnnents and their 

differing responses to restricted licensing. This was fürther supported by clear 

differences in rates between urban and rural dwelling residents. Since in our study we 

were able to show that "at-fault" crash rates and m c  violation rates were hi& pnor to 

intervention, M e r  study of the a p p r ~ p r i ~ e  timing and methods of identification of who 

would benefit from restricted licensed is required. 



Chapter 5: Conclusions 

There has been Little pievious study of the effectiveness of restricted 

driver Licensing for medical conditions, even though many jurisdictions in North Amenca 

offer this solution for drivers who may have impaired drivhg ability. We have s h o w  

that Saskatchewan drivers with restricted Licenses secondary to medical impairments have 

similar or decreased "at-fault" crash rates and WC violation rates compared to other 

Saskatchewan drivers with cIass 5 (generd Licenses) when controlled for age category, 

gender, absence or presence of an identified medical condition or residence location. The 

imposition of a driving or licensing restriction results in a decreased rate for "at-fault" 

crashes and tr&c violations. These results suggest that restricted licensing appears to be 

an effective intervention for allowing persons with medical conditions to continue driving 

under certain circumstances. Further study is required to determine what specific types 

of restrictions are most effective for various medical conditions and the point in time at 

which the restrictions shouid be implemented. 
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Appendices 

Appendix A: Classes of Driver's Licenses 

Class DrÏving Privileqes 

1 . motor vehicles in classes 1,2,3,4 and 5; 

. motor vehicles in classes 2, 3 .4  and 5; 

. motor vehicles in class 1 as a learnerwith endorsement 1 ; - 

. motor vehicles in classes 3 , 4  and 5; 

. motor vehicles in classes 1 and 2 as a leamerwith endorsement 1 or 2 (resp.); 

4 . motor vehicfes in classes 4 and 5; 
. motor vehicies in classes 1.2 and 3 as a leamer with endorsement 1.2 or 3 (resp.); 

5 . mator vehicles in class 5; two-axle farm trucks which have a tailer(s) or a vehicle(s) in 
tow, where the gross weight of the towed unit(s) exceeds 4600 kg; three-axle farrn 
trucks which have a trailer(s) or a vehicle(s) in tow, where the gross-weight of the towed 
unit(s) does not exceed 4600 kg; 

. rnotor vehicles in classes 1,2.3 and 4 as a leamer with endorsement 1. 2.3 or 4 (resp.) 

. motor vehicfes in class 6 

. motor vehicles in class 5 as a Iearner 

. motor vehicles in cfass 5 as a leamer 

. motor vehicles in class 6 under cert+in circumstances with appropriate endorsement 



Appendix B: SGI Driver Summary Sheet (Restriction Codes) 

- 
b - ..O appwl b - NO ~ p p d  
A - Appa l  wirhdnwii r\ - AppeiIyit wiihdrtw 
C - Crowii rvun D - Dnipped by S M  
L - LOS[ F - Forgivcn(rvsived) 
P - Pcndiiig P - Pcnding 
'j - Sçnicncr W - Appellurt won 
W - Wim L - Appelluit lost 

CANCELLATION REASONS 
1 - So longer wisha to dnvc. or licmcc m c t I c d  

or rcvokerl duc ro ~ g e ,  iIIncss or piiysical. 
mental or anorionai dimbitiry 

2 - Xlovcd 
; - D n t h  
4 - Otlicr 
j - Licence issucd in m r  (full ccfund) 
6 - Driver Noncomptiuicc 
7 - Rrsrricted l i c a c t  no Iongw rcquired duc CO 

DWf coiirsc 
3 - Driver Eduutian Dmp-out 

CLAIMS AIR CODES 
1 - Sot rcsponsible 
2 - Ovcr 50% 
3 - Undecidcd 
4 - Under SOI'. 

CUIMS TRANSACTION l Y P E S  
D350 - Add/Chmge acctdenc ( C L i m )  
D j  5 1 - DeIetc accident (CTairns) 
5 - Chuiçc accident appui indiutor (SAF) 

DRIVER INFORMATION 
Cl;iss ,Minimum Acc Evc Colour 

1 18 I -Blue, 

ORNER STANS CODES 
A A  - Active 
AI - Rcnewsl issucd 
AX - Rencwal Isniedrusscsscncnt =qui& 
t\L - Rmewsl Isn idnevr  cem'ficate requirrd 
IC - tnaccivc cancelcd 
NI - R m d  notisnred 
SR - Spcüd muictcd 
SC - Spccid rcsmctcd c~ncellation 
PB - No drivers licence 

DRIVER SUSPENSION REASON CODES 
Judgrncnt 
Consent and undenaking 
Habits a d  conduct 
Driver exmination 
Xlcdic~l 
Inrcrview on dnvcr record 
24 Hour 
30 day / t\drninisrntive Exrcnsion 
Out-r>i-provincc suspension 
Roadsidc Administr~tivc 
Unpaid tine 
Mainrmuicc Suppon 
Addictions Scrcening (Roadside) 
Licence r c f i t d  
7ccovcry Prognm 
.ddictictis Scrccnin~ (CC) 

DWI  (Dnviiig Without trnpairmcnf) 

EFFECTIVE OATE O F  R A i E  CHANGES 
Dcc. 1981 - Aor. L9S5 IO - 15 
May. 19ss 10 - 0 
Oçr. 1997 20 - 0 510. (San IiSS and 
Apr. 1993 ZS - 0 tarer) 

ENOORSEMENT CODE 
A - A i r b d c  
5( - bIotorryc1c 
5 - Sch001 bris 
1 - Lcimm fo rC ias  1 
2 - h c n  for Clsss Z 
j - Lumen forCIzssj 
1 - Lumers f o r C l u s 4  
6 - L a m a  for motorcycle 

DRIVER RECORD TX TYPES 
DJûO - Add V A  B L  OP. or HT 
Dao1 - 
D401 - 
DL10 - 
DJII - 
0412 - 
w 2 0  - 
0221 - 
0.t-2 - 
0430 - 
D G 1  - 
0432 - 
M O  - 
D u 1  - 
D Ï Z  - 
D U 3  - 
DjJj - 
Dajo - 
0451 - 
DJSZ - 

Change VA. EL.. OP, o r  HT 
Delere VA, EL. OP. or HT 
Add CC or CP 
Change CC or CPlPutding CC Appe3l 
Dclctc CC or CF 
Add muiuïd suspension 
Change mm& suspension 
Defcte m a m i  suspension 
Add oram informafion 
CIimge u ~ y n  informacion 
Dcictc cxarn inhmaüon 
Add medical informarion 
CSange medid information 
Detctc mdul information 
Add M c d i u i  History 
Chang: .Mcdiui Hinory 
Add uzhinp informarion 
Change training informarion 
Detete W-ning information 

JURISOICTION COOES 
Province - Code 
AIbeaJ  A 
Brirish Columbia B 
,Vmiro b i  M 
NewBninsvick ?4 
Svfoundlu id F 
Nova Scotia 5 
N.W. Tm-rories T 
Onwno O 
PEI. P 
Quebec Q 
Yukon Y 
Unircd States U 
Otha Country Z 

Convm To -- 
AB 
BC 
MB 
NB 
NF 
NS 
sw 
ON 
PE 
PQ 
W 
US 
OS 

LENGTH OF PROHlBlTlONS 
Aftcr Jan, 1/88 

APPLICATION TX WPES 
DO01 - New aoolica~ionfPIC rissirrnrncnt 
Do03 - 
MOS - 
DO07 - 
DO09 - 
WlI - 
001s - 
DOIS - 
DO17 - 
DO25 - 
DO36 - 
Do47 - 
DOS0 - 
0600 - 
D610 - 

PREMIUMS ACCORDING T0 RATlNG UNITS 
R~ctnc Units CIars~tic;liii?n 14etr:ttrin I 9 -- 

QUESTIONS 
1 Rcvokcd or suspendd 

RESTRICTION COOE 
h - Whtn W a n g  presczibcd wctc:ive ! L - s a  
B - During houn of fu l l  daylighr oniy 
C - Witliin a JO I;m ndius oiaddrrs shotbn an i i c .  
D - Within SO h ndius or '~dCNs sho-n on Llc. 
E - Outside the Iirnir ofany ci- 
F - Equipped with nvo outside rnirrors 
G - tindcr spxid conditions mordcd an :ilc 
H - Thtee-wheeled rnotoccyc!es only in C ; Y ~  6 
I - X fop is  unly in aass 6 

- Scfiool buses with -ng capacirj lcsz chan 
36 passengcn 

L - NOC to opmtc Chss 7 or 4 vehicles 
M - Automatic aanmtiuion in class norcd 
N - Automacic mmmis ion  in schoolk~cs 
X - Annuai vision test q u i r d  
Y - -4nnuai mad r u t  rcquircd 

SIGNATURES 
I - Applicuir y 
7 - Parent Y (Door) 
3 - PrincipaI Y @O0 [ 1 

TRAINING COURSE COOE 
A - D~aruncnroiEducation 
3 - D W  (Drïving Wirhour Impairmeni) 
C - Sashroon Re-pilot Prajecr 
D - Commercial 
E - Defnrsive Driving Course 
P - Probationuy Dnver 
Q - Addictions scrcening (Roadside) 
S - Rccovery Program 
T - Addictions scrcening (CC) 
W - Probation Licence (old '.V rcstnc:icii 

MISCELLANEOUS TRANSACTIONS 
PûIO - 24 Hour Pcmit 
PO20 - 
m i 0  - 
POJO - 
Ml50 - 
Pa60 - 
ROI0 - 
RO2O - 
ROjO - 
ROJO - 
ROSO - 
Roto - 
MOI0 - 
MO20 - 
MO30 - 
S O  - 
XIUÏO - 

7 Day Permit 
Day T.K. 

f Day T.1.C. 
Spcciil Usc 
BuIk Pumils 
Driver Tcsc and Exain Rcccipc 
Other Rcceipc 
Abstmct Rcccipis 
M d  AutoPay Contract 
Change AutoPay Coninct 
Rerumcd Itcrns Arrcxs (RIA) P~ynici i i  
Sarchcs 
Dispiita o f  Accident Siirc1i:iri;: 
E J t H T n  
Snovmabilc Appiicniion - 
AutoPay Pcntiia 



AppendLu C: Letter of Request to Saskatchewan Government Insurance 

(SGI) 

David Koch 
Saskatchewan Government Insurance 
2260 I 1 th Avenue 
Re$na, Saskatchewan 
S4P 2N7 

Dear Mi. Koch: 

Re: Research Project - "Evaluation of restricted driver 
licensing for medical impairments in Saskatchewan" 

1 am wrining this letter to request your CO-operation in a research project 1 wili soon be starting. 
It is designed to evaiuate the practice of restrkting driver Licenses for people with rnedical 
impairmenrs in Saskatchewan. This is an exciting project that will: 1) determine if rnedi~al!~ 
impaired Saskatchewan residents ganted resticted driver licences have crash and trafltic violation 
rates similar to people with unrestricted driver Iicenses and 2) detennine if initiation of a medical 
condition code or restricted driver's licence affects either crash or traffic violation rates of 
individuals with aii categories of medicai impairments. 1 believe that this midy wili benefit SGI 
since it will provide some feedback and evaiuation of your restricted licensing program. For 
more detaas, please refer to the attached hi1 research proposai. 

I would fïrst like to thank for your assistance in helping to develop this research project thus far. 1 
am a speciaiist in Physical Medicine and Rehabilitation and 1 am a member of the Division of 
Physical Medicine and Rehabilitation in the Department of Medicine at the University of Ottawa. 
1 am compieting this research project as part of my requirements for completion of a Master of 
Science degree in Community Health and Epidemiology at the University of Ottawa. This 
research proposa1 has been approved by the Department Graduate Studies Cornmittee. This letter 
identifies the data required for this study. 1 have reviewed the variables fiom your database and 
have listed the required variables below. I would appreciate your input both regarding these 
variables and the logistics regarding data transfer. 1 understand that there will be some 
preparation time for selectins and organizing the requested data and I appreciate your tirne and 
effort in this collaboration. 1 also understand that since 1 will be sharing al1 results as well as my 
completed thesis with SGI, that there will be no cost to acquire this data. 



1 am requesting data starting Eom November 1936, since this is the date when information on 
medical license restriction dates back to. I am requesting informatioddata for ail persons who 
have ever had a medical Iicense restriction and al1 persons who have had a medical indicator code. 
I would also request information/ data on ail other Saskatchewan drivers so that 1 am able to 
complete population statistics for al1 dnvers as a comparator as well as identi-ng matched cases 
for age, sex and residence location. 1 would also request that a List of ail Saskatchewan drivers 
who have at sorne point held a driver's licence that is higher than a class 5 licence (Class 1, 2, 3, 4 
or school bus driver endorsement). I understand that you will not be provjdins me with names, 
addresses or driver licence numbers, or any other idormation that would allow me to identifi 
individual drivers; an alias will be included to repIace driver's licence number and will ailow 
Iinkage of ail components of the driver's history. The data requesred includes the following 
variables: 

SGI Database: 

Source Variable 
List 

RCTYPE70 

Custorner Database 

VXCLM1-3 ACC-RESP Accident ResponsibiIity 

POSTCODE 

1 LSS-DATE 1 Lors date 

Variable 

DH7OMND 

DH-OCDAT 

DWOREST 

tlrst 3 chanctcrs of the Postal Code 

Sex 

Comments 

Medical Indicator code 

Occurrenct dace 

Restriction Code 

BIRTHDT 1 Binh darc 

1 COVRJYP 1 Type of claim 

RCTYPE20 

DH2OFAMT 

DH300FDT 

DH-OCDAT 

DH25CVCD 

DH25FhWT 

DH2SJLlM 

DH250FDT 
1 

DRREG 

-- 

Fine Amount 

Offencc Date 

Occurrcncc Date 

Conviction Code 

Finc Amount 

Sail Term 

Offence Date 

DH-OCDAT 

DKOCVCD 

Occurrence Datc 

DEXPDATE 1 Expiry Date 

Conviction Code 

1 1 

DCiWCEL 

DEFFDAïE 

Canccllntion Code 

Etrcctivc Datc 



DSTATLJS 1 Driver Status 1 

TMS Database: 
I 1 

DCLASS 

Source Variable 1 List 

Licence Class 

TAIS Date of Accident 

( Lime ofaccidsnr 

1 Nurnber injurrd 

1 Nurnber killcd 
1 

Accident Severi- 
I 1 Lord Estimated Damages 

Road Authority 
I 1 Numbsr of Occupants 
L 

Weather Conditions 

Road Sudce  conditions 

1 Road Chancter 

Road AIigrnent 
I 
( Traffic conuol 

1 Vehick identification 
- - - - 

Pre-Coiiision Vehicle action 
1 

Major contributing factors 

Vehicle damage 

Location ofdamage 

Charees Laid 
1 

I 
1 

Case Nurnber 

Vehiclc Nurnber 

1 realize that this data preparation will take some time on the part of SGI and I appreciate your 
collaboration. 1 believe thar this retrospecrive project will provide important preliminary 
information regarding restricted licensing for medical impairments. 



If you have any questions, please do flot hesitate to contact me. 

Yours sincerely, 

Shawn C. Marsha11 MD FRCPC 

The Rëhabilitation Centre 
505 Smyth Road 
Ottawa, Ontario 
KIH 8M2 
Tel: 6 13-737-75 50 ext 5590 
Fax 613-737-9638 
E-mail: srnarshal@ro hcg.on.ca 
cc Cal Reece, Manager Training and Administration, SGI 



Appendix D: Original Dataset Descriptions from SGI 

T h e  SAS Sysrem 17:22 F r i d a y ,  A p r i l  23, 1999 . 6 

CONTENTS PROCEDURE 

Da ta  S e t  Name: EXT-DATA-CUST Observa t ions  : 1 176486 

Member Type: DATA V a r i a b l e s  : 4 

Engine : V612 Indexes : O 
Created : 1 2 ~ 4 9  Monday, A p r i l  19, 1 9 9 9  Observa t ion  Length; 23 
t a s t  Mod i f i ed :  12:51 Monday, A p r i l  19, 1 9 9 9  D e l e t e d  Observat ions :  O 
P r o t e c t i o n  : Compressed : NO 
Data Se t  Type: S o r t e d  : NO 

 abe el: 

- - - - -  Eng inef t ios t  Dependent 1 n f o r m a t i o n -  - - - - 

Data  S e t  Page S ize :  
Number of Data S e t  Pages: 
F i l e  Format: 
F i r s t  Data Page: 
Max Obs per Page: 
Obs i n  F i r s t  Data Page: 
File Name: 
Inode  Nurnber: 
Access Permission: 
Owner Name: 
File Size  ( b y t e s ) :  

81 92 
3333 
607 
1 
353 
318 
/adhoc/extract/david/custtssd01 
242053 
rw-  m4- - - - 
AF5373 
2731 21 28 

- - - -  -A lphabe t i c  L i s t  of V a r i a b l e s  and A t t r i b u t e s - - - - -  

u rr V a r i a b l e  Type Len Pos Format In fo r rna t  Labe l  

4 ALIAS Num 8 15 
2 BIRTMDT Num 8 1  W M M 0 0 1 0 .  WMMDO1'0. b i r t h d t  

3 POSTAL3 Char 6 9 
1 SEX Char 1 O SI. $1 . sex 



The SAS System 

CONTENTS PROCEDURE 

Data Se t  Name: EXT-DATA.DRREG 
Member Type: DATA 
Engine : V612 
Created : 12:48 Tuesday, A p r i l  20, 1999 
L a s t  Mod i f i ed :  13:08 Tuesday, A p r i l -  20, 1999 
P r o t e c t i o n :  
Da ta  Set Type: 
Label :  

17:22 Fr iday ,  A p r i l  23, 1999 8 

Observations: 7234452 

Var iab les  : 6 - 
Indexes : O 

Observat ion Length : 28 
Dele ted Observat ions:  O 

Compressed : NO 

YES Sor ted : 

- - - - -  Engine/Host Dependent I n f o r m a t i o n - - - - -  

Data Set  Page Size:  81 92 
Number o f  Data Set  Pages: 24947 
F i l e  Format: 607 
F i r s t  Data Page: 1 
Max Obs pe r  Page: 290 
Obs i n  F i r s t  Data Page: 252 

F i l e  Name: /adhoc/extract/david/drr 
Inode Number : 242060 
Access Permission : rW-rW-  - - - 
Owner Name: AF5375 
F i l e  S i ze  ( b y t e s ) :  20437401 6 

eg. ssd0l  

- - - -  -A lphabe t i c  L i s t  of Var iab les  and A t t r i b u t e s - - - - -  

# V a r i a b l e  Type Len Pos Labe l  

4 ALIAS Num 8 4 

3 OCANCEL Char 1 3 CANC COM. 

2 DCLASS Char 1 2 CLASS 
5 DEFFDATE Num 8 12 

6 DEXPDATE Num 8 20 

1 DSTATUS Char 2 O STATUS 

Sortedby : ALIAS 
V a l i d a t  ed : YES 

Character  S e t :  ASCII  



The SAS System 

CONTENTS PROCEDURE 

Data S e t  Name: EXT-DATA-CLAIMS 
Member Type: DATA 
Engine : V612 

17:22 Fr iday ,  A p r i l  23, 1999 . 7 

Observat ions : 2053207 

Var iab les :  4 

Indexes : n - 
Created : 14:52 Tuesday, A p r i l  20, 1999 Observat ion Length: 19 

L a s t  Modi f ied :  1 4 5 5  Tuesday, A p r i l  20, 1999 De le ted  Observat ions:  O 

P r o t e c t i o n  : Compressed : NO 
Data S e t  Type: Sor ted  : YES 
Label :  

- - _ _ _  EnginefHost Dependent I n f o r m a t i o n - - - - -  

Data Se t  Page S ize :  81 92 
Number of Data Se t  Pages: 4809 
File Format: 607 
F i r s t  Data Page: 1 

Max Obs pe r  Page: 427 

Obs i n  F i r s t  Data Page: 384 
F i l e  Name: /adhoc/extract/david/claims.ssdOl 
Inode Number: 242354 

Access Permission:  r w - r w - - - -  
Owner Name: AF5375 
F i l e  S i r e  ( by tes ) :  39403520 

- - - -  -A lphabe t i c  L i s t  of Va r i ab l es  and A t t r i b u t e s - - - - -  

r? V a r i a b l e  Type i e n  Pos 
--------------__---__________________________)_____)____________________________)_____)__-__________________________)_____)__------------ 

2 ACC-RESP Char 1 2 
4 ALIAS Num 8 11 - 
1 COVR-TYP Char 2 O 
3  LSS-DATE Num 8 3 

- - - -  -So r t  I n f o r m a t i o n -  - - - - 

Sortedby : A L I A S  

Va l i da ted :  YES 
Charac te r  Set :  ASCI I  



The SAS System 

CONTENTS PROCEDURE 

Data  S e t  Name: EXTDATA.TYPE25 
Member Type: DATA 

V612 Engine : 
- 

Created : 14:25 Monday, A p r X l  19, 1999 
L a s t  M o d i f i e d :  14:26 Monday, A p r i l  19, 1999 
P r o t e c t i o n  : 
Data  S e t  Type: 
L a b e l :  

17: 22 F r i d a y ,  A p r i l  23, ,1999 4 

Observat ions  : 129529 
V a r i a b l e s :  6 

Indexes:  O 

Observat ion  Length:  43 

D e l e t e d  Observat ions:  O 

Compressed: NO 

SorTed : YES 

- - - -  -Engine/Host  Dependent I n f o r m a t i o n - - - - -  

Data S e t  Page S ize :  81 92 
Number of Data S e t  Pages: 686 
F i l e  Format: 607 
F i r s t  Data Page: 1 
Max Obs p e r  Page: 189 
Obs i n  F i r s t  Data Page: 164 
File Name: /adhoc/extract/david/type25.ssd01 
I node  Number : - 242062 
Access Permiss ion  : r w - r w - - - -  
Owner Name : AF5375 
F i l e  S i z e  ( b y t e s ) :  5627904 

- - - -  - A l p h a b e t i c  L i s t  of V a r i a b l e s  and A t t r i b u t e s - - - - -  

if V a r i a b l e  Type Len Pos L a b e l  
----_---_---_-----_-----*-________________________________________________________________________________----------------------------- 

5 ALIAS N U ~  . 8  27 
2 DH25CVCD Char 3 8 25 -CONVICTIOK-CODE 
3 DH25FAMT  NU^ 8 11 25-FINE-AMOUNT 

4 DH25J LTM  NU^ 8 19 25 -JAIL-TERM 

6 DH250FDT Num 8 35 
1 DH-OCDAT  NU^ 8 O OCCURRENCE-DATE 

Sortedby:  ALIAS 
V a l i d a t e d :  YES 

Charac te r  Set :  ASCI I  



Data S e t  Name: 
Member Type: 
Engine: 
Created:  
L a s t  Modi f ied :  
P r o t e c t i o n  : 
Data S e t  Type: 
Labe l :  

The SAS System 

CONTENTS PROCEDURE 

EXT-DATA. TYPE70 
DATA 
V 6 1 2  

13:18 Monday, A p r i l  
1 3 ~ 9  Monday, A p r i l  

17:22 F r i d a y ,  A p f i l  23, .1999 . 1 

Observat ions  : 
V a r i a b l e s  : 
Indexes : 
Observat ion  Length :  
De le ted  Observat ions :  
Compressed : 
Sor ted:  

- - - - - E n g i n e / H o s t  Dependent I n f o r m a t i o n - - - - -  

Data Set Page S i z e :  81 92 
Number of Data S e t  Pages: 1507 
F i l e  Format: 607 
F i r s t  Data  Page: 1  
Max Obs p e r  Page: 239 
Obs i n  F i r s t  Data Page: 215 - 
F i l e  Name: 
Inode Number: 
Access Permission:  r w - r w - - - -  
Owner Name : AF5375 
File S i z e  (by tes )  : 12353536 

-----Alphabetic List of V a r i a b l e s  and A t t r i b u t e s - - - - -  

# V a r i a b l e  Type Len Pos L a b e l  

4 ALIAS Nurn 8 26 

3 DH70MINO Char 8 18 70-MEDICAL-&ND 

2 DH70REST Char 10 8 70 -RESTRICTION 
1 DHOCDAT Num 8 O OCCURRENCE-DATE 

360085 
4 

O 

34 
O 
NO 
YES 

Sor tedby:  ALIAS 

V a l i d a t e d :  YES 
Charac te r  Se t :  ASCII  



The SAS System 

CONTENTS PROCEOURE 

Data Set  Name: EXT-DATA.TYPE20 
Mernber Type: DATA 
Engine: V612 
Created: 14:48  Monday, A p r i l  19, 1999 
L a s t  Mod i f i ed :  14:51 Monday, A p r i l  19, 1999 
P r o t e c t i o n :  
Data Set Type: 
Label :  

17:22 F r i d z y ,  ~ p r i l  23, 1999 5 

Observat ions:  1024326 
Va r i ab l es  : 5 
Indexes : O 

Observat ion Length: 35 

Oeleted Observat ions:  O 

Compressed: NO 

Sorted:  YES 

- - - -  -Engine/Host Dependent I n f o r m a t i o n - - - - -  

Data Se t  Page Size:  81 92 
Number of Data Set  Pages: 4416 
F i l e  Format: 607 
F i r s t  Data Page: 1 
Max Obs pe r  Page: 232 

Obs i n  F i r s t  Data Page: 206 
F i l e  Name: /adhoc/extract/david/type20.ssdOl 
Inode Number: 242059 
AcceSS Permission:  rw- rw-  - - - 
Owner Name: AF5375 
F i l e  S i ze  ( by tes ) :  361 84064 

- - - - - M p h a b e t i c  L i s t  o f  Va r i ab l es  and Attributes----- 

t# V a r i a b l e  Type i e n  Pos Labe l  
--_----_-------------________________________________________-----________________________________________----------------------------- 
4 ALIAS Num 8 19 
2 OHLOCVCD Char 3 8 20-CONVICTION-CODE 
3 DH20FAMT  NU^ 8 11 20-FINE-AMOUNT 
5 DH200FDT Num 8 27 
1 OH-OCDAT Num 8 O OCCURRENCE-DATE 

Sor tedby : ALIAS 
Va l i da ted :  YES 
Character  Set :  ASCII 



Data S e t  Name: EXT-DATA-TAIS 
Member Type: DATA 
Engine : V612 
Crea ted  : 11:39 Fr iday ,  A p r i l  23, 1999 
L a s t  M o d i f i e d :  11 :40 Fr iday ,  A p r i l  23, 1999 

P r o t e c t i o n  : 
Data  S e t  Type: 
L a b e l :  

Observat ions :  3951 34 
V a r i a b l e s  : 32 
Indexes  : O 

Observa t ion  Length:  116 
D e l e t e d  Observat ions :  O 

Compressed : NO 
Sor ted :  YES 

- - - - - E n g i n e / H o s t  Dependent I n f o r m a t i o n - - - - -  

Data S e t  Page Size:  
Number of Data Se t  Pages: 
File Format: 
F i r s t  Data  Page: 
Max Obs p e r  Page: 
Obs in F i r s t  Data Page: 
File Name: 
Znode Number: 
Access Permission:  
Owner Name: 
F i l e  S i z e  (by tes )  : 

- - - -  - A l p h a b e t i c  L i s t  o f  V a r i a b l e s  and A t t r i b u t e s - - - - -  

if# V a r i a b l e  Type Len Pos Format I n f o r m a t  Labe l  

8 ACCCOST Nurn 8 49 8. 8. 
. 2  ACCDATE  NU^ 8 8 MkiDDW8 . WMMDD8- 
13 ACCSITE Char 2 62 $2. $2. 

3 ACCTIME Num 8 16 8. 8. 

32 ALIAS Num 8 1 08 
1 CASENO Num 8 O 8. 8. 

30 CHARGES1 Char 2 1 04 $2. S2. 
31 CHARGES2 Char 2 1 0 6  52. S2. 
19 CONTROLS Char 2 83 $2. S2. 
26 DAMAGE Char 1 97 $1. $1. 
27 DAMLOCl Char 2 98 $2. $2. 
28 DAMLOC2 Char 2 100 $2. $2. 
29 DAMLOC3 Char 2 102 $2. S2. 
17 HOR Char 1 81 S I .  $1.  

22 MCF1 Char 2 89 S2 . $2. 
23 MCF2 Char 2 91 $2. S2. 
24 hCF3 Char 2 93 $2. 52. 
25 MCF4 Char 2 95 S 2 .  S2. 
10 NATLIGHT Char 1 59 S I .  $1. 

5 NOINJ Num 8 32 8. 8. 
6 NOKILLED Num 8 40 8. 8 .  

15 NOOCC Num 8 7 2  8. 8. 
4 NOVEH Num 8 24 8. 8. 

. - - - - - - - -  
ACCCOST 
ACCDATE 
ACCSITE 
ACCTIME 

CASENO 
CHARGES1 
CHARGES2 
CONTROLS 
DAMAGE 
DAMLOCI 
DAMLOC2 
DAMLOC3 
HOR 
MCF1 
MCF2 

MCF3 

MCF4 
NATLIGHT 
NOINJ 
NOKILLED 
NOOCC 
NOVEH 



T h e  SAS S y s t e m  17:22 F r i d a y ,  A p r i l  23, 1999 10 

CONTENTS PROCEDURE 

Y 
R Var iab le  Type Len ?os Format  I n fo rma t  label 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
21 PRECOLL C h a r  2 87 52. S2. PRECOLL 

9 ROADAUTH C h a r  2 57 S2. $2. ROADAUTH 
16 ROADCHAR C h a r  1 8 0  $1 . SI. ROADCHAR 
12 ROADSURF C h a r  1 61 $1. $1. ROADSURF 

7 SEVERITY C h a r  1 48 SI. $1.  SEVERITY 
14 VEHNO Num 8 64 8. 8.  VEHNO 
1 8  VERT C h a r  1 82 $1. $1. VERT 
20 VIDENT C h a r  2 85 S2 . $2. VIDENT 
1 1  WEATHER C h a r  1 6 0  $1. $1.  WEATHER 

Sor tedby:  A L I A S  
V a l i d a t e d  : YES 

C h a r a c t e r  S e t :  A S C I I  



Appendix E: SGI Claim Codes 

OLUedical Expenses . - t 
1 

WFunerai I i 
05-Permanent Disablity . - . - - - i 
07-Extd'Neeklylndemnity . . . _ .  - - - -  _ - -  . . 

. , ;-:..- ! 
1 1 -6odiiy Inj to Pasçengen . - ... . --: . - . - -. . 5 ---: ,- ;, . -- . j 

. . OC-Dependent Children . - . . - 
-- .. - -. 

.. ._ ...- -. . . .--. - . _  . _ _ .  . i  







Appendiv F: SGI Conviction Code Chart 

* Shaded ones are convictions which result in a suspension [CC or HTA 89(1) or 40(9)] 

1 631 
f 

1 Foilowing Too Close l 

600 
603 
604 
606 
607 
608 
609 
610 
613 
614 
619 
620 
62 1 
622 
626 
628 
629 
63 O 

Operating Unregistered Vehicle 
Hold More Than One Licence 
Obscured Vision 
Enter Prov Highway/Fail tq  Yield 
Yield Sign 
Stop Sign 
Disobey Traffic Control Device 
Fail to Stop for Railway Crossing 
Fail to Stop Bus/Dangerous Goods Vehicle at Railway Crossing 
InsufGcient or No Signal 
Allow Rider on Exterior of Vehicle 
Overcrowded Steering Cornpartment 
Insecure Load or Unmarked Overhangïng Load 
Headlamps not Illuminated 
Exceed Speed Limit 
Speed Too Fast For Conditions 
hpede  Trafic 
Without Due CareReasonable Consideration 

- 
1 644 1 Driving Lefi of Centre 1 

63 4 
63 5 
63 6 
63 7 
63 9 
640 
64 1 
642 
643 

lmproper~ane Use 
Passing on the Right 
Cutting In 
Speeding Up on Being Overtaken 
Improper Tuni 
U-Tum at TraEc Lights 
Faifing to Yield to Vehicle on Right 
Left T m  Across Traffic 
Passing When Unsafe 

645 
646 

- 
Driving Contrary to Sign Direction 
Fail To Yield To Pedestrian 

647 
648 
649 
650 

1 655 
1 

1 Amber Light 

Contest of Speed 
Fail To Report Accident 
Straddling Lanes 
Cross Solid Lines 

652 
653 

Drive Over Median 
Enter or Leave Controlled Access Uniawfullv 

656 
657 
658 

Red Light 
Disobey trafEc light Not at Intersection 
Proceed Contrary To Arrow- 



1 659 1 Fail to Yield On Green Arrow 1 
1 661 

I 

1 Flashine Red Lioht or Proceed Before Safe 1 

1 670 
1 

1 Permit Atîachment of PersodDevice 1 

662 
663 
664 

1 671 
I 

1 Produce Other Persons Licence 1 

~lashing Red ~ i g h t  at ~rc&vaI.k 
Improper Stopping On Highway or Street 
O bstruct Intersection 

I 
- - - - - - - 

1 672 1 Ailowing Other Person to Use Licence 
1 673 i False ~ta tement /~ai l  to Funiish Information 
L 

674 
675 
676 
678 
679 
680 
68 1 
682 

J 

69 1 i Drive VehÏcle  hile-~assen~er ~Gestrained 
692 ( F d  to Extinquish SpotLifit 

Disobey School Bus Signal 
Glass or Other Litter on Highway 
Cross Highway 
hterfere With Funeral Procession 
Fail to Obey RestrictiodEndorsement 
Inadequat e B rakes 
Improperly Equipped W C  Operator or Passenger 
Inadeauatehmo~er  Eaui~rnent 

685 
686 
65% 

. L A  & A &  

Improper Seating on Motorcycle 
Disobey Emergency Vehicle Signai 

l 
F d  to Yield Leaving Lane or Ailey 

1 699 1 Fail to Display Piate/Stickers/Permit 1 

I 

693 ' Driving on wrong side i f  ~ i v i d e d  Highway 
694 
695 
696 

Unlit Lamps or Obstruction 
Deface or Alter Licence/Registration/Plate 
Unauthorized Use of PlateRegistration 





nlzticiiiicr's disciisc / tlciiiciitiri f 

Lirriiii I i i i i ior 
ccrcbrnl pnlsy 
crniiioloitiy 
giiillinii-biii,i,c tliscnst: 
Iicntl iiijiiiy 1 trniiiiin 

11) C/~lZl)I/~C i V~~SCUIJ/~I~ 
arigiiin 
norlic aiiçiirysiii 
nrrliylliiiiins ( n ~ ~ i i o r i i i d  Iiciirl rliylliiir) 
coiigcslivc Iicart îiiiliirc 
coroiinry ni lcry 
Itcarl nltiiçk (bi.1.) 
Iicnrl siirgcry (niigiol~liisly, by-p;iss, 

iitiplniiicd dcl i l i r i l lnior 
piicciiinkcr 
pcriplicriil viisc~ili ir tliscitsc 
rlicuiiialic fevcr 
\'~I\'c t ~ ~ ~ I ~ i l ~ ~ l l l ~ i i ~ ,  Il'iill~~)Iiili~) 
viilv\ilnr Iicai.( discnsç 

tliscnsc (COI'D) 
cyslic ribrosis 
ctiipliyscriin / nslliiiiri 
osygcii tlicrnpy 
iiibcrciilosis 

M) RIALIGNANC\' c .  NEOl'LASTIC S) CERELllbU VASCULAXI 
Iiorlgkiii's t l isc;w ccrcbrnl nticiirystii 
Icukciii ia ccrcbra i ntnxia 
iiinligiiniicics cliislcr Iicntlnclics 
rii i i l l iplc ii iycloiiin dizziiicss 

slrokc (CVA) 
Pl) NEUIUL 1)iXTCREIWIïON 

niiiyoirolhic 1iiici.al sclcrosis (AMLS) 
dysioiiin (iiitisclc disordcr) 
fibrottiyosiiis (IIIIISGIC CIcgc~icrntio~i) 
Iiiriiiirigloii's cliorcn 
i i iu l l  iplc sclcrosis 
iiiiisciilnr dyslropliy 
iiiyiislliciiin gi iivis 
prki i isoi i ist i i  

O) O'rIJGII 
nids (1 l1V) 
cliroriic piii i i s ) ~ l r o i i i  
fibrornyiilgin 
kitl i icy fiiiliirc (tlialysis) 
kicliicy Ir;irisplnii(s 
l ivcr disortlcr 1 Iitiliirc 
rctinl I;,iiliirc / diiilysis 
syiicope (fiiiiiliiig) 
v y c r t  *il I t 1 '  I:;C~SC 

triirisiciit iscliciiiic n~tncks ('I'IA) 

*r) IIYI'ER'l'l?NSION 
i i igl i  I low blootl Iircssiirc 

V) VISUAL DISOIWERS 
niiiblyopin (Inzy cyc) 
npliiikiri (colnraçis) t 

diplopin (doiiblc visioii) 
r~toi ioci~lnr 
riiyopin (iicnr siglitcd) 
r i y ~ l i ~ g i l i i i ~  (cyc coiislniiliy iiioviiig) 
rcslriclcd ficlds 
; I C ~ * Y C (  y o )  



Appendix H: Definitions for the Traffic Accident Information 

System (TAIS) Dataset 

The Trdfic Accident hformation System (TAIS) is a cornputer-based systzm that compiles information 
on traFfic collisions occuming on Saskatcbwan hi&u.ays- This inforration is obtained from the motor 
vzhiclz accident (&{VA) report Forrn th:it is completcd by Saskatchewan police ageacia in accordance 
with Section 83 of The Hichwav Traffic .Act. 

TAIS provides va!uable information for man? traffic coIlision countermeasure prog?ams and has done so 
since its inception in 1979. As a result of changirg nzecls and improved tzchnologies, a completeIj- new 
TAIS was irnplemented in Ianuar). 199 1. The new TALUS consists of a personal cornputer-basai system 
that provides more adaptability to "user" neais, a redesiped MVA report f o m ,  improvzd instmctions 
and user documentation, 

TAIS, the MVA report form. and various col1ision publications are admïnisceced by the Auto Fund, SGI- 
The collection of this valuabte data is niade possible by the eFForts and dedication of the many poIicz 
ofticers across thc province who complete hIVA forms from their coIIision investigations. 

TAIS Definitions 

FLEPO RTA3LE hIOTOR VEKICLE COLLISION - an incident invoiving one o r  more motor 
vehicles in trimsport rzsulting in personal injury o r  a minimum of S1.000 in property damage, aot 
kicluding damage to cargo. TAIS only records reportable motor vehiciz colIisions which occur on public 
roadways- VCTCiIe iegislation requins t'ne rtponing of private propeny collisions ta police, they are not 
recordai on TAIS- The following is a fist of words and te= uscd in reportable motor vehicle 
coilisioos: 

INCIDENT - Any set of motor vehicle evzars, not under human controI, that incIude at 1-t onz 
occurrence of  injury or  damage. It originates when human control of the vehicle is lost and 
terminates when control is regaincd, or  in the absence of persoas who are able to regain control, 
wbea al1 persons and property are at rest. This z x c i u d ~  events which are the resutt of deiiberatz 
intent, tegal intervention or naruraI disastzrs. For example, if a vehicle catches fire due to 
mechanical failure and the driver is able to stop safely, a rnotor vehicIt coIIision did not occur 
because control of the vehicle was never lost. 

MOTOR VEHICLE - any niotorized mzchanicîlty or  electriully powerexl land vehicle not operatxi 
on rails. Collisions which involve only construction o r  maintenance equipment within the right-of- 
way are not reportable on TAIS. 

IN TRANSPORT - mzans "in motion or  being operated" on a roadway. 

DAhXAGE - harm to property thac ruiucès the rnonztary value of that property. It includes h a m  to 
nnirnals which have monetary value. Ic excludes mechanical hilure during normal operation. such as 
a tire blowout- 

PUBLIC ROADWAY - m y  highway. secondary road. n i r d  rorid, Street, avenue, parkway, lane, 
a lky  o r  bt-idge designzcf trnd intendai for or  u s d  by the general public for the passage of motor 
vzhiclzs. This indudes sidtwalks, boulevards and the immediate r ight~f-way adjacent to and 
parallel with the roadway. I t  does not includc privatzly mitintaincd rorids, drivzways or parking lots. 



SNOWMOBILES &VD OFF-HIGHWAY VEHICLES - co~lisions involving snowmobiles and off- 
highway vehiclzs chat occur wichin the right-f-way of a public roadway are record4 as pan of that 
roadway- If they occur outside of the right+F-wsy, they are on private property. 

A m O M T Y  - the junsdiction rzsponsibIz for the generrrl maintenance and traffic safity of 
the road- The fotlowing is a list of Road Authontizs and location brzakdowns w d  in the MVA report: 

URB.4ll LOCATION - any street, lant or  back a lky as d z h e d  in codes O L and 02 bdow which is 
within the incorporatecl lirnits of a city, town, village or  hamiet, except those streets recorded a s  a 
nurnbered highway. 

O f - STREET - any public road of an urban Street systzm under the mintenance or jucisdiction of th* 
municipal government- Ln the case wherz a road is maintainai by a municipal govenunent and 
would more easily be c o d d  as a nurnbered highway, exceptiaas tnay be made. 

02- LALVE/BACK ALLEY - any alley or lane within an urban a r a  intendcd for use by the public 
and m;rintained by the local çovernrnznt- 

HlGHWAY LOCATION - any nirai/urban highway, provincial road, community acczss or  service 
road, o r  other highway as defmd ia codes 03, 04, and OS below. 

03, RURAIAJRB AlN HIGKWAY - any numbered provincial highway in a ntrd area or urban a r a  
with a population lzss than 1,000, that is maintainai by Saskatchewan Highways and Transporratioa, 
and any roadways wirhio urban limits that the police have b e n  permittéxi to code as a highway for 
convenience ( s e  Street defïnitioas). 

04. PROVINCIAL RO-S (900 s e n s  highways) - any public highway with a highway numbtr 
greatzr than 900. 

05- COMMLMTY ACCESS, SERViCE ROAD/OTHER - roads built and maintained by 
Saskatchewan Highways and Trausportatioa, providing access to communities, industrial plants, 
andlor land panels. 

RURAL ROAD LOCAïION - Aay designated grid, municipal or  other road as defmed in c o d a  06 
and 07 k l o w ,  

06- DESIGNATED GRID ROAD - A municipal road designateci as a muaicipal grid or  main farm 
access road on the Saskatchewan Municipal Road Inventory Maps and postai with customary grid 
road signs- Collisions on grid roads going throujh an Lndian Reserve are coded to the Indian 
Reserve (code 09). 

07. MUNICIPAUOTHER RURAL ROAD - any rural muaicipai road not designated as a grid road. 
These wiIl incIude trails, bladed and non-bladed roads, and local strwts in unorganized hamlzts- 
Collisions oa  muaicipal roads going th rou~h  Indian Raerves are c o d d  to the indian Reserve (code 
09). 

OTHER LOCATIONS - any location not idzntifizd under urban. highway or ruml road locations. 

08. PRIVATE LANDPARKING LOT - p~vately-ownzd property. both in mral and urban a r a s ,  
such as parking lots, parkades, farmyards, private roads. drivzways, service station lots. etc. 
Accidents codai to this Road huthority are no t rccorded on TAIS. 

09. INDIAV RESERVES (Grid o r  Municipal Road) - any public road within an h d i m  Rzszrve 
boundary, othtr than a provincial bighway, serving as an access or  interna1 road For an Indian . 
Riserve. 



10- NORTHERN FOREST ROAD - roa& in Forestai areas buiit and mainrained with the primary 
inteutof providing a c c s  to fotestry operatioas. 

11. FEDER4UPROVlNClAL L.4NDS - any road othet than a numkred provinciai highway 
serving as a public access or intemal road to fideral or provincial land such as parks, fbderal 
community pastures, etc. 

13- NOT KNOWN - this code is intended for use oniy when a generai location is definitelv not 
known- 

PROPERTY D-MAGE OrvZY COLLISION (Property Damage) - a motor vehicle wlIision 
resuïtïng in total m g e s  over the prescribed amount as d e h e d  in The Highway Traffic Act (S1,OQO) 
with no personal injuries or deaths. 

TRAFFIC INJURY COLLISION (Personal Injury) - a motor vehicie coUisioa resulting in a non- 
fatal injury to one or  more pzrsons. An injury is defzned a s  any bcxiily hann resulting from the couision- 

TRAFFXC FATALITY COLLISION (Fatd) - a motor vehicle coliision resuIting in death within 
30 days to one or more involved persoas- 

Due to differences in reporting definitions, thz numbers of colIisions and associated 
casuaities publishzd in this report do not necessarily reflect the collision and injury daims 
experience of the Auto Fund. Collisions resulting in property damage only are reported by the 
police when the estirnateci repair cos= for ail vetiicles exceai 91,000, whereas a coliision daim 
may occur when the actual repair cost ta one vehicle exceeds $500- Police estimates may not 
accurately reflect the actual repair costs and cases are excluded from TAIS when deemed to be 
under the reporting thteshold. Private property and parking lot collisions as well as damage 
rsulting from acts of vandalism or naturai causes are dso not recorded in TAIS. 

The information presented in this publication reflects ail police reports known to SGI as of 
Feb. 15, 1998. S ince the TAIS is updated on a continual basis, information in fittute 
publications rnay Vary from what is published in this report. 
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Appendix J: Multivariate Poisson Regression Models 2 to 6 

Mode1 2: Conviction Rate- Restriction represents drivers with any type of 

restriction 

Univariate Poisson regression analysis of independent variabIes was. completed- to detenniae the 
contribution of independent variables for predictïng conviction rates., (TabIe 1) 

Al1 variable terms including sex, location of residence, absence or presence of a medical condition or 
driving restriction and age category appeared to be associated signifncantly with total convictions. 
Therefore each of these variables wili be included in the multivariate Poisson regression mode1 at this 
stage. Below is the StataO output for the main effects mode1 which includes al1 independent variables. 
(Figure 1) 

Table 1: Univariate Poisson regression analysis of independent variables and their association with 
conviction rate. 

Al1 of the variables significantly contriiute to the model. It was kn.(awn form the stratified analysis, 
however, that there is likely confounding present as well as the possability of effect modification. To assess 
for interaction, there is a possibility of 20 interaction terms given that there are 5 independent variables. 
The same arguments for interaction terms used in mode1 1 hold and -therefore the sarne 7 interaction term - - 
effects were explored for this rnodel. 

Log 
Likelihood 

-247948 
-247000 

-163619 

-243895 

-246441 

IRR 9 5 %  
CT 

(0.6048, 
0.6343) 
(0.3297, 
0.3334) 

((1.2591, 
1 -372 1) 
(0.6473, 
0.668 1) 

(0.5644, 
0.57 ES) 
(0.33ZKl, 
0.3429) 

Variable 

a 
Resmction 

Sex 

Residence 
location 

P value 

0.0000 

0.0000 

0.0000 

0.0000 

0,0000 

0.0000 

0.2177 

Incidence 
Rate Ratio 

0.6199 

0.33 16 

1.2656 

P 

-1.8141 
0.478 1 

-1.1039 

0.2356 

(0.2454, 
0.2500) 

0.6577 

1 .O 

0.5679 

0,3405 

0.0048 

SE (P) 

0.00 13 
0-01 17 

0.0029 

0.0026 

Age category 
45 -54 

0.0000 

0.008 1 

0.0032 

0.0037 

 med di cal 
Condition 

-1.3955 

0.0067 

0.0088 

0.0138 

0.4191 

Age category 
55 -64 
Age category 
65 -74 
Age category 

- 1.9 1 127 

-2.3794 

-2.6664 

0.0000 

0.0000 

0.1477 

0.0926 

75 - 84 
Age category 
85 - 100 

Age category 
16 -24 
Age category 
25 - 34 
Age category 
3 5 - 4 4  

(0.1457, 
0.1496) 
(0.09-10, 
0.0942) 

-2.7564 

-0.5658 

- 1 .O774 

0.0695 

0.0387 
0.07 fL4) 
(0.05S9, 
0.0685) 

(0.0676, 

0.0635 1 0.0000 

0.0000 



oisson regession, aormalized by py-tot Numberofobs = 128 
;oodness-of-fit chi2(116) = 1541.000 Mode1 chï2(11) 4 9 3 5  1 1.00 
. O 
rob > chi2 = O.OOG0 Pr& > chi3 = 0.0000 
,og Likelihood = -1 222.500 Pseudo R2 = 0.9951 

onv-tot[ iRE2 Std. En. z P>lzl [95% Conf. Interval] 

sestric 1 -872537 
sex 1 ,3263454 

locat 1 1.1 12747 
nedcond 1 1 -089496 

a2 1 ,59420 f 9 
a3 1 -3621419 
a4 1 -2602939 
dl -151052 
a6 1 -09151 
a7 1 -0656935 
a8 1 -053341 

Figure 1 : Stata@ output of main effects model for conviction rate for dnvers with or without any w e  of 
driving resttictior 

The interaction terms that have a statisticaily signif~cant impact on the main effects mode1 are resûic*age 
category, restric*age category, restric*medcond, restric*medcond, sex*age category and rnedcond*age 
category. (Table 2) Sex*age category has the most impact ofall the interaction temis, but as can be seen 
f?om the pseudo R- value, only 0.07% of information is coambuted to the model thraugh thiç interaction 
term. Since so little information is contributed by hteraction terms, then the most parsimonious model for 
predicting conviction rates will aot include interaction terrns and wiU remaia. the main effects model. 



Table 2: Effect of interaction terms on the main effects mode1 for conviction rate comparing drivers with 
and without any tyge of drïving restriction - - -  - 

Restrîc*medc -0.1784 0.03 19 0.8366 
ond 

Interaction 
term 
Main effects 
mode1 

e category 
(ma 1) 
Ma2 -0.1005 0.0247 0.9044 

t 

Mode1 3: Crash Rate- Restriction represents drivers witb Driving restriction 

P 

Res tric*sex 
Restric* Age 

. category 
Ra 1 

Univariate Poisson regression analysis of independent variables was completed to determine the 
conûibution of independent variables for predicting "at-fault" rates comparing &vers with and without a 
driving reshction. (Table 3) 

0.9951 
0.9952 

-0.1445 
1 L I 

0.0 155 

SE (fi) Log 
Likelihood 

-1222.5 

1 1 .O 

Incidence 
Rate Ratio 

1.0392 

IRR 95% CI P 
value 

(0.9829, 1.0989) -1221.5 
-1 194 

Pseudo 
R~ 

0.995 1 

0.176 



Table 3: Univariate Poisson regression analysis of independent variables and their association with "at- 
fault" crash rate- 

Pseudo 
R~ 

location 
Medical 
Condition 

AU variabIe terms including sex, location of residence, absence or presence of a medical condition or 
dnving restriction and age category appeared to be associated significandy with total "at-fault" crashes. 
Therefore each of these variables will be included in the multivariate Poisson regression model at this 
stage. This main effects rnodel includes aU independent variables which were shown to contribute 
information to the prediction of cash  rate in the univariate analysis. The pseudo R~ value indicates that this 
model explains 93% of the variance of the dataset. Although the Log likelihood remains statistically 
sign5cant, this model appears to provide a reasonable representation of crash rate prediction for cirivers 
with and without a dnving License restriction. To further enhance this model, interaction ternis will need to 
be expiored. 

Log 
Likelihood 

IRR 95% CI Variable 

(1,1478, 1.3289) 
(0.4965,0.5047) 
(1.3242,1.3972) 

a [ -2.7395 

Age category 
16 -24 
Age category 
25 - 34 
Age category 
35 - 44 
Age category 
45 -54 
Age category 
55 -64 
Age category 
65 -74 
Age category 
75 - 84 
Age category 
85 - 100 

All of the variables simcantly contribute to the model. It was known form the stratified analysis, 
however, that there is likely confounding present as well as the possibility of effect modification. To assess 
for interactîon, there is a possibility of 20 interaction terms given that there are 5 independent variables. 
The same arguments for interaction te- used in model 1 hold and therefore the same 7 interaction term 
effects were explored for ulis model. 

P vatue 

0.0020 
0.374 
0.0042 
0,0042 

Restriction 
Sex 
Residence 

0.2390 

P 

-20375 
-20360 
-6245 
-17317 

1.2351 
0.5006 
1.3856 

02111 
-0.6920 
0.3262 

I 

-0.1918 

-0.58 12 

0.01529 

-0.3044 

-0.2544 

-0.0706 

0.0422 

0.0095 

0.0746 

SE (P) 

0.000 
0.000 
0.000 

0.0066 

0.0063 

0.0067 

0.008 1 

0.0082 

0.0097 

0.0225 

Incidence 
Ra te Ratin 

0.000 
0.0007 
0.6935 
0.1501 

1.2699 -(1.2466, 1.2937) 

-18854.8 ' 

0.000 

0.000 

0,022 

1 .O 

0.8255 

0.9435 

(0.8 148,0.8363) 

(0.9320,0.9553) 

0-0 146 -20078.5 

0.000 

0.000 

0.000 

0.060 

1.0 154 

0.7376 

0.7754 

0.9318 

1.043 1 

0.000 

(1 -0022, 1.0288) 
I 

(0.7260,0.7493) 

(0.7630, 0.7880) 

(0.9142,0.9498) 

(0,9982, 1.0901) 



Table 4: Effect of interaction terms on the main effects model for "at-fault" crash rate c o m p a ~ g  drivers 
with and without a driving resaiction 

' Interaction 
term 

P SE (Pl 

Main effects 
model 
Restnc*sex 0.2070 0.0056 
Restric*Age 
category t 
Ra 1 

value 
Pseudo 
. R~ 

0.9301 

ond 
Sexfagecat 

_ (W 
Sa2 
Sa3 
Sa4 
Sa5 
Sa6 
Sa7 
Sa8 
MedcondfAg 

Different interaction tenns appear to statisticaily contribute to rhe main effects model in explaining crashes. 
However, only for the interaction terni combing sex and age category, is the pseudo R' value increased to a 
significant degree (0.9402) of more than 1%- Therefore, the mosr parsimonious mode1 wili include only the 
interaction terrn combining sex and age category added to the main effects model. (Figure 3) 

e category 
. (mal) 

Ma2 
Ma3 
1-4 
Ma5 
Ma6 
Ma7 
Ma8 
Sex*medcond 

1 

0.0394 
0.0 1 16 
-0.0537 
0.0464 
0.0478 
0.0926 
O. 1943 
0.0982 

1 .O 

1.1554 
1.2135 
1.0084 
0.9621 
1,0752 
1,1278 

0.1445 
0.1935 
0.0084 
-0.0386 
0.0725 
0.1203 

0.0139 
0.0131 
0.0 141 
0.0173 
0.0177 
0.0215 

0.0464 
0.0424 
0.04 16 
0.04 17 
0.0398 
0.0413 
0.0675 
0.02 10 

(1.1245, 1.1873) 
(1.1829,1.2450) 
(0.9809, 1.0368) 
(0.9302, O 9953) 
(1.0385, 1.1133) 
(1.0813, 1.1763) 

0.2833 (1.1893, 1.4819) 0.0561 1 1.3276 
1 .O 

1.0402 
1.01 17 
0.9478 
1.0475 
1.0490 
1.0971 
1.2144 
1.1031 

-1217 0.9403 

0.000 
0.000 
0.553 
0.025 

(0.9498,1.1392) 
(0.93 10, 1.0994) 
(0.8736, 1.0282) 
(09654, 1.1367) 
(0.9703, 1.1340) 
(1.0118, 1.1895) 
(1.0640, 1.3862) 
(1.0585, 1.1496) 

] 0.000 
0.000 

0.9308 -1410 
0.000 

0.9306 

0.395 
0,784 
O, 197 

1 0.265 
1 0.229 
J 0.025 

-1413 
0.004 
0.000 



- poisson crsh-tot restric sex locat medcond a2-a8 Sa2-Sa8, exposure( py-tot) 
> irr 

Poisson regession, normalized by py-tot Number of obs = 128 
Goodness-of-fit chi2(109) = 1633.750 ~Model chi2(18)=383 16.00 
Prob > chi2=0,0000 Prob > chi2 = 0.0000 
Log Likelihood= -12 17.125 Pseudo R2= 0.9403 

crsh-tot [ lRR Std, En. z P>lzl [95% Conf. Interval] 
-f- 

restric ( 
sex 1 

locat 1 
medcond 1 

a 2  1 
a3 l 
a4 1 
d l  
a6 I 
a7 I 
a8 1 
sa2 l 
Sa3 I 
Sa4 [ 
sas 1 
Sa6 1 
Sa7 1 
Sa8 [ 

Figure 3: Stata output of the mode1 to predict "at-fault" crashes comparing drivers with or without driving 
restrictions 

l\Iodei 4: Conviction Rate- Restriction represents drivers with Driving restriction 

Univarîate Poisson regression analysis of independent variables was completed to determine the 
contribution of independent variables for predicting conviction rates cornparing drivers with and without a 
dnviag restriction. (Table 5) 



Table 5: Univariate Poisson regression analysis of independent variables and their association with 
conviction rate 

Age category 
16 -24 

Variable 

a 
Restriction 
Sex 
Residence 
location 
Medical 
Condition 

Age category 
25 -34 

P SE (B) Incidence IRR 95% CI 
Rate Ratio 

- 1-8 132 -00 12 
-0.1 160 0.0277 0.8905 (0.8434,0.9401) 
-1,1039 0.0015 0.3316 (0.3297,0.3334) 
0.2356 0.0026 1.2656 ( 1.259 1, 1.2722) 

- 
-0.4 19 1 0.0080 0.6577 (0.6473,0.6682) 

Age category 
35 - 44 
Age category 
45 -54 
Age category 
55 -64 
Age category 
65 -74 
Age category 
75 - 84 
Age category 
85 - 100 

Log P value Pseudo 
Likelihood R~ 

Ai l  variable terms including sex, location of residence, absence or presence of a medical condition or 
dxiving restriction and age category appeared to be associated significandy with total conviction rate. 
Therefore each of these variables will be included in the multivariate Poisson regression model at this 
stage. This main effects model includes al1 independent variables which were shown to contriiute 
information to the prediction of conviction rate in the univariate analysis. The pseudo R' value indicates 
that this model explains 99.6% of the variance of the dataset. Although the Log Likeiihood remains 
statisticalfy significant, this rnodel appears to provide a reasonable representation of conviction rate 
prediction for drivers sith and without a driving license restriction. To further enhance this model, 
interaction t e m  will need to be explored. 

Ail of the variables significantly contribute to the model. It was known form the stratified analysis, 
however, that there is likely confounding present as well as the possïbility of effect modification. To assess 
for interaction, there is a possibility of 20 interaction terms given that there are 5 independent variables. 
The same arguments for interaction terms used in mode1 1 hold and therefore the same 7 interaction term 
effects were explored for this model. 



Table 6: Effect of interaction terms on the main effects mode1 for conviction rate comparing drivers with 
and without a driving restriction 

Interaction 
term 
Main effects 
model 

ond 
Sex*agecat 
(sa 1 > 
Sa2 
Sa3 
Sa4 

Different interaction te= appear to statisticaily contribute to the main eEects model in explaining 
convictions. However, no interaction te= increase pseudo R' (0.9955) value by more than 1%. 
Therefore, only the main effects model, without hteraction terrns, will be used to descnie convictions for 
drivers with driving restrictions, since this represents the most parsimonious model. 

Log 
Likelihood 

-1 125.5 

Medcond*Ag 
e caregory 

0.0 174 
0,1093 

IRR 95%-CI P P 
value 

I - 

Pseudo 
R~ 

0.9955 

0.0072 
0.008 1 

-1082.5 

SE (P) 

0-0182 1 0-0106 

0.9956 

Incidence 
Rate Ratio 

1.0176 
1.1155 
1.0184 (0.9974, 1.0397) 

I 

0.086 

0.015 
0.000 

(1.0033, 1.0321) 
(1.0979, 1.1333) 

0.9962 -939 



- - 

- poisson conv-tot r&c sex locat medcond a2-a8, exposure ( py-tot) irr 

Poisson regression, normalized by py-tot Number ofobs = 128 
Goodness-of-fit chi2(116) = 1452,000 Mode1 chZ(11) =493422.00 
>O 
Prob > chi2 = 0.0000 Prob > ch2  = 0.0000 
Log Likelihood = - 1 125.500 Pseudo R2 = 0 9955 

conv-tot [ IRR Std, Err. z P>lzl [95% Con2 Interval] 
-+ 
restric / -9444498 -0262939 -2.053 0-040 -8942954 ,9974 169 

sex [ -3263987 -0009365 -390.213 0-000 -3245682 -3282394 
locat / 1.112803 .O029362 40.508 0.000 1.107063 1.1 18573 

medcond 1 1.03224 -0084558 3.874 0.000 1 .O 15799 1 .O48947 
a2 1 -5942746 .O0 19014 - 162.656 0.000 -5905597 -5980 129 
a3 1 ,362 1483 -00 133 17 -276.207 0.000 3595475 3647679 
a4 1 ,2602599 .O0 1238 1 -282.966 0.000 2578447 .2626978 
4 -1510 132 .O010214 -279.485 0.000 -1490244 -1530285 
a6 1 -0914566 ,0008 124 -269.259 0.000 -089878 1 -0930629 
a7 1 -06559 17 ,000907 -197.008 0.000 -0638378 .O673938 
a8 1 ,0532056 ,0020578 -75.852 0.000 -0493216 -0573956 

Figure 4: Stata output of the mode1 to predict convictions comparing drivers nrith or without driving 
restrictions 



Mode1 5: Crash Rate- Restriction represents drivers with Licensing restriction 

All of the independent variables appear to contriiute signincantly to the model. Since ali of these variables 
make biologic sense, they wîIl each be included in the main effects mudel. From this data, sex appears to 
exert the most influence on crash rate for drîvers with bcensing restrictions. The pseudo  value indicates 
that this mode1 explains 92.6% of the variance of the dataset, Although the Log likelihood remains 
statisticaiiy significant, this model appears to provide a reasonable representation of "at-fault" crash rate 
prediction for drivers with and without a Iicensing restriction- To fiuther enhance this model, interaction 
terms will need to be explored. 

Univariate Poisson regression analysis of independent variables was completed to determine the 
contrïïution of independent variables for predicting "at-fauit" rates cornparhg drivers tvith and without a 
iicensing restriction. (Table 7) 
Table 7: Univariate Poisson regression analysis of independent variables and theü association with "at- 

AU of the variables significantly contribute to the modeI. It was kuown fonn the stratified analysis, 
however, that there is likely confounding present as weli as the possibility of effect modification. To assess 
for interaction, there is a possïbility of 20 interaction terms given that there are 5 independent variables. 
The same arguments for interaction ternis used in model 1 hoid and therefore the same 7 interaction t e m  
effects were explored for this model. 

fault" crash rat6 
Variable 

a 
Restriction 
Sex 
Residence 
location 
Me dical 
Condition 
Age category 
16 - 24 
Age category 
25 - 34 
Age category 
35 -44 
Age category 
45 -54 
Age category 
55 -64 
Age category 
65 -74 
Age category 
75 - 84 
Age category 
85 - 100 

Pseudo 
R= 

0.0000 
0.0044 
0.6903 
0.1494 

0.0145 

0.0743 

Log 
Likelihood 

-20468 
-20378 
-6338 
-1741 1 

-20172 

-18948 

P 

-2.7395 
0.1883 
-0.6920 
0.3262 

0.2390 

-0.19 18 

-0.058 1 

0.0 153 

-0.3044 

-0.2544 

-0.0706 

0.0422 

P value 

0.000 
0.000 
0.000 
0.000 

0-000 

0.000 

0.000 

0.022 

0.000 

0.000 

0.000 

0.066 

IRR 95% CI 

(1.1754,1.2397) 
(0.4965,0.5407) 
(1 -3742, 1.3972) 

(1 -2466, 1.2937) 

(0.8 148,0.8363) 

(0.9320,0,9552) 

(1.0021, 1.0288) 

(0.7260,0.7493) 

(0.7630,0.7880) 

(0.9 142,0.9498) 

(0.9992, 1.090 1) 

SE (p) 

0.0020 
0.0136 
0.0042 
0.0042 

0.0095 

0.0066 

0.0063 

0.0070 

0.008 1 

0.0082 

0.0097 

0.225 

Incidence 
Rate Ratio 

1.2071 
0,5006 
1.3 856 

1.2699 

0.8255 

0.9435 

1.0154 

0.7376 

0.7754 

0.93 18 

1 .O43 1 



Table 8: Effect of interaction terms on the main effects mode1 for "at-fadP crash rate cornparing cirivers 
with and without a iicensing restriction 

In teraction P SE (fi) . Incidence IRR 95% CI 
t e r m  Rate Ratio 
 main effects 
model 

0.8935 
0.8694 
1 .O368 
1 .O705 
0.6596 

ond 

Sa4 1 0.0084 1 0.0141 1.0084 
Sa5 1 -0.0386 1 0.0173 0.9622 
Sa6 1 0.0723 0.0177 1 -0750 
Sa7 1 0.1196 0-0215 1,1270 
Sa8 0.28 16 0.0561 1.3253 
Medcond* Ag 
e category 
(mal) 

' Log 
Likelihood 

-1510 

Pseudo 
value 

0.9263 

DEerent interaction tenns appear to statisticaliy contn'bute to the main effects model in explaining crashes. 
(Table 8) However, only for the interaction term cornbing sex and age category. is the pseudo R' vaiue 
increased to a significant degree of more than 1% Erom 92.6% to 93.6%. Therefore, the rnost parsimonious 
model will include only this interaction tenn added to the main effects model. (Figure 5) 



. poisson crsh-tot restric sex locat medcond &-a8 Sa2-Sa8, exposure( py-to 
> t) irK 

Poisson regression, normalized by py-tot Nurnberofobs = 128 
Goodness-of-fit chi2(109) = 17 12.250 Mode1 chi2(18) =3833 1.25 
Prob > chi2 = 0.0000 Prob > chi2 = 0.0000 
Log Likeiïhood = -1302.750 Pseudo R2 = 0.9364 

crsh-tot 1 
+ -  
resîric 1 

sex 1 
Iocat 1 

medcond 1 
4 
a3 1 
a4 1 
a5 1 
a6 1 
a7 1 
a8 1 

sa2 1 
sa3 1 
Sa4 1 
sa5 i 
Sa6 f 
Sa7 1 
Sa8 1 

IRR Std- Err. 

Figure 5: Stata output of the mode1 to predict "at-fault" crashes comparing drivers with or without Iicençing 
restrictions 



Mode1 6: Conviction Ra te- Restriction represents drivers with Licensing restriction 

Univariate Poisson regression analysis of independent vzriables was completed to detennine the 
contrïïution of independent variables for predicting conviction rates comparing drivers with and without a 
licensing restriction. (Table 9) 

Table 9: Univariate Poisson regression analysis of independent variables and their association with 
conviction rate 
Variable 1 0 1 SE (B) 1 Incidence 1 iRR95% CI 1 LW 

a 
Restriction 
Sex 
Residence 
locatioa 
 med di cal 
Condition 
Age category 

-1.8141 
-0.5572 
-1.1039 
0.2356 

-0.419 1 

-8 8 824 

Age category 
25 - 34 
Age category 
35-44 
Age category 

-. - 

0.0013 
0.0 123 
0-0029 
0.0026 

0.008 1 

-0.5675 

- 1 -0774 

45 -54 
Age category 
55 -64 
Age category 

-1.3955 

65 -74 
Age category 

Al1 of the independent variables appear to conmïute sipnrficantly to the model. (Table 9) Since al1 of 
these variables make biologic sense, they will each be included in the main effects model. (Figure 6) The 
value for the pseudo R2 is 99.5%. AIthough the Log likelihood remains statisticaiIy significant, this model 
appears to provide a reasonable representation of conviction rate prediction for dnvers with and without a 
Iicensing restriction. To m e r  enhance this model, interaction ternis will need to be exploreci. 

Ra te Ratio 

0.5728 
0.33 16 

0-0032 

0.0037 

-1.9 127 

-2.3794 

75 - 84 
Age category 
85 - 100 

AU of the variables significanùy contribute to the model. It was bown  form the stratified analysis, 
however, that there is likely confounding present as weU as the possïbility of effect modification. To assess 
for interaction, there is a possïbility of 20 interaction terms given that there are 5 independent variabIes. 
The same arguments for interaction ternis used in model 1 hold and therefore the same 7 interaction term 
effects were explored for this model. (Table 10) 

I 
0.0048 [ 0.2477 

-2.6665 

(0.5592,0.5868) 

1 1 

(0.2454, 0.2500) 

0.0067 

0.0088 

-2.7564 

Likelihood 
-24797 1 
-265727 

0.5679 

0.0 138 

-243889 

-246435 

1.2656 

0.6577 

(0.5644,0.5715) 

O. 1477 

0.0926 

0.0020 
I 

0.0635 

(0.3287,0.3334) 
(1.259 1, 1.2792) 

(0.6473, 0.6682) 

0.3405 1 (0.3380, 0.3429) 

(O. 1457, O. 1496) 

(0.09 10,0.0942) 

0.0695 

(0.0589, 0.0685) 

-163612 

(0.0676, 0.07 14) 



- poisson conv-tot restric sex Iocat medcond a2-a8, exposure ( py-tot) i 
>rr 

Poisson regression, norrnalized by py-tot Numberofobs = 128 
Goodness-of-fit chi2(116) = 1528.000 Mode1 chi2(11) 493524-00 
> O  
Prob > chi2 = 0.0000 Prob > chi2 = 0.0000 
Log Likelihood = -1209.000 PseudoR2 =0.9951 

conv-tot 1 IRR ~ t d .  ~ n ,  z 6 l z l  [95% cent rnterval] 

restnc 1 -855274 
sex 1 .3263472 

locat [ 1.1 1286 
medcond 1 1,098466 

a2 1 -5942828 
a3 1 -3622135 
a4 1 -2603 603 
a5 f -15 10993 
a6 1 .O9 156 
a7 1 ,0657693 
a8 1 ,0534395 

Figure 6: Stata output of the main effects mode1 to predict convictions comparing cirivers with or without 
licensing restrictions 



Table IO: Effect of interaction temis on the main effects model for conviction rate cornparhg drivers with 
and without a Iicensing restriction 

Interaction 
term 
Main eEects 
mode1 
Restric*sex 
Restric*Age 
category 
Ra2 ! Ra3 

Sa2 - 0.0 ~ 7 4  
Sa3 O. 1092 
Sa4 0.0181 
Sa5 -0.1521 
Sa6 -0. t 258 
Sa7 0.02 10 
Sa8 0.0465 
~Medcond*Ag 
e category 
(ma 1) 
Ma2 1 -0.1013 
LW 1 0.0440 

Different interaction t e m  appear to statistically conmbute to the main effects mode1 in explainhg 
convictions. However, none of the interaction terms contribute significantly (by at least 1%) to the pseudo 
R' value. Therefore, the most parsimonious model wiU remain the main effects model (Figure 6) with al1 
independent variables. 

1 

P 

-0.6 103 

0.0248 
0.0426 

Restric*locat 
Restric*medc 
ond 

Log 
Likeiihood 

-1209 

-1209 
-1 179 

-0.1257 
-0.183 1 

-0.348 1 

I I 

0.88 19 ' i0.8340; 0.9259) i -1 196 0.000 ( 0.9952 

IRR 95% CI , P 
value 

0.302 
- 

SE (fi) 

0.8327 

Pseudo 
R' 

0.995 1 

0,9951 
0.9952 

Incidence 
Rate Ratio 

0.000 

0.0027 

0.0396 
0.713 -0.0139 1 0.0380 

1 (0.7659,0,9052) 

1.03 14 

0.7803 

-1200 

(0.9726, 1.0938) 

(0.7220,0.8432) f 
0.9861 (0.9154, 1.0623) 1 



Appendix K: Time Series Analysis Plots 

At FauIt Crash Rates - Driving Restriction Only 

- - - - - - - - - - - -  

' 26 %' t6 .O' Ne *' $ @' 8 e' Cf ,$ #$ a$ A$! &? @ @ a6 &' se se boy & &' G~ ta' le \%' 

1 1 
Figure Ki: Time series plot of ccat-fault" crash rates for drivers pre and post 

driving restriction over an 8 year time span 

Figure Ki: Time series plot of ccat-fault" crash rates for drivers pre and post 

licensing restriction over an 8 year time span 





Appendix L: Interventionai Time Series Analysis ARDlA Models 

(Models 1 to 6) 

Mode1 1: "At-faultn Crash Rate-Al1 R e s t r i c t i o n s  

May 12,  2000  3 9  

RESTRICT 

NUM 1 

ARIMA Procedure 

Maximum Likelihood Estimation 

ApprOX. 
Parameter Estimate Std Er ror  T Rat io  Lag Var iab le  S h i f t  
MU 0.0011227 0.0010481 1 - 0 7  O CRASHAL O 
MA1 ,1 0.95704 0.01634 58.55 1 CRASHAL O 
ARI ,  1 O .  12776 O. O51 7 1  2.47 1 CRASHAL O 
NUM 1 -0.50492 0.13895 -3.63 O RESTRICT O 

Constant Estimate = 0.00097923 

Variance Estimate = 0.14407747 
Std Error Esrimate = 0 .37957538  
AZC = 3 8 0  - 8 0 9 1 2 3  
SBC = 396.931864 
Number of Residuals= 4 1  6 

Correlat ions o f  the Estimates 

Var iable  

CRASHAL 

C RAS H A L  

CRASH-AL 

R ESTR ICT 

CRASH-AL CRASHAL CRASHAL 

Parameter MU MA1 ,I AR1 ,1 

MU 

MAI, 1 

A R 1 , l  

NUMl 

Autocorrelation Check of Residuals 

Chi  Autocorrelations 
Square DF ProO 

2.91 4 0.572 -0 .002  0.009 0 .022  -0.024 0 - 0 2 1  0.073 
1 3 . 9 4  10  0.176 0.033 0.089 0.039 -0.108 -0 .001 0.060 
20 .43  1 6  0.202 -0 .073  0.015 0.023 -0.074 0 . 0 0 2  -0.059 
23 .28  2 2  0.386 -0.041 -0.011 -0 .068 0.006 0 . 0 0 4  0.008 
29.71 2 8  0.377 0.070 -0 .041 -0 .085 0.006 - 0 . 0 2 2  0.008 
33 .85  3 4  0.475 -0.020 -0 .023 0.029 0.019 -0 .067 -0.050 
38 .12  40  0.555 0 .037  0.014 -0.003 0.011 0 .026  -0 .083  
52.81 46 0.228 0.011 -0 .049  0.121 -0.058 0.048 -0 .092 



May 12,  2000 4 0  

Std 

O 

O .  049029  

0 .049029 

O .  0490% 

O .  049057  

O .  049085  

O .  0 4 9 1  O6 

O .  049365  

O .  04941  8 

O .  049800  

O .  049872  

O. 0 5 0 4 3 4  

0 .050434 

O .  050605  

0 .050855 

0.050867 

0 .050892 

0.051149 

0 .051149 

0.051310 

O. 051387  

O. 051393  

0.051 6 0 7  

O. 051  6 0 9  

O. 051  6 0 9  

Lag Covariance 

O 0 .144077  

1 -0 .0003592 

2 0 .0013375  

3 0 .0031567 

4 -0 .0034312 

5 0 .0029645  

6 0 .010507  

7 0 .O047485 

8 0 .012792 

9 0 .0055782  

1 0  -0 .015599  

1 1  -0 .0001869 

12 0.0086359 

1 3  -0 .010470  

14 0.0022091 

15 0 .0033293  

16 - 0 . 0 1 0 6 4 6  

1 7  0 .00021737 

18 -0 .0084297  

19 -0 .0058534  

2 0  -0 .0015905 

2 1  -0 .0097561 

2 2  0 .00091542  

2 3  0 .00055055 

2 4  0 .0012058  

( 1 , 1 1 1 )  

ARIMA Procedure 

Autocorrelation P l o t  o f  Residuals 

Correlat ion 

1.00000 

- 0  - 0 0 2 4 9  

O .  0 0 9 2 8  

128 

08:58 Fr iday ,  

I -  

I .  

- 1 .  

- 1 -  

- 1 -  

1'. 

. 1'. 

. I** 

. 1'. 

"'1 . 
I -  

. [ * .  

.'I . 
1 -  

I -  

. * /  . 
1 .  

.'I . 

.*I . 

- 1 .  

.'i . 

- 1 -  

- 1 -  

- 1 -  
. . . marks two  standard errors 



May 12, 2000 41 

08 : 58 Friday , 

ARIMA Procedure 

Inverse Autocorrelations 

Lag Correlat ion -1 9 8 7 6 5 4 3 2 1 O 1 2 3 4 5 6 7 8 9 1 
1 0.00751 1 1 -  
2 -0.01675 1 I .  
3 0.01441 [ - 1 -  
4 0.00741 1 1 .  
5 -0.02286 I -  
6 -0.05566 1 .'I . 
7 -0.03835 1 .'[ . 
8 -0.09121 [ * * [  . 
9 -0.04280 1 .'[ . 

I O  0.09682 1 . 1 *' 
1 -0.00186 1 S I -  
12 -0.07325 1 . * [  . 
13 0.05812 1 . 1 " .  
14 -0.00399 [ . [ -  
15 -0.02091 1 1 -  
16 0.06789 [ . I*. 
17 0.00728 1 - 1 .  
18 0.04322 1 . 1'. 
19 0.02459 1 I -  
20 0.03055 1 . I'. 
21 0.05669 1 . 1 ' .  
22 -0.02915 1 .'[ . 
23 0.00615 1 - 1 -  
24 -0.02421 1 I -  



May 12, 2 0 0 0  42 

ARIMA Procedure 

P a r t i a l  Au toco r re l a t i ons  

Lag Cor re la t ion  
1 -0.00249 
2 0.00928 
3 0.02196 
4 -0.02380 
5 O .O2008 
6 0.07308 
7 0 .O3421 
8 0.08687 
9 0.03775 

1 0  -0 .10885 
1 1  -0.00874 
1 2  0.05930 
1 3  -0 .07653 
14 -0 .00699 
15 0.01718 
16 -0 .06676 
17 -0.00391 
18 -0 .04448 
1 9  -0 .02584 
2 0  -0 .03146 
2 1  - 0  .O6003 
2 2  0.03139 
23 -0 .00672 
24 O - 0 2 5 4 3  

O 8  : 5 8  Fr iday , 

Mode1 f o r  va r i ab l e  CRASHAL 

Estimared I n t e r c e p t  = 0.00 1 1 2 2 6 5  
Per iod(s)  o f  D i f f e r e n c i n g  = 1. 

Autoregressive Factors  
Factor 1: 1 - 0 .12776 B * * ( l )  

Moving Average Factors  
Factor 1: 1 - 0 . 9 5 7 0 4  B f * ( l )  

I npu t  Number 1 i s  RESTRICT. 
Period(s) o f  D i f f e r e n c i n g  = 1. 
Ove ra l l  Regression Fac to r  = -0 .50492  



RESTRICT 

NUM 1 

Model 2: Conviction Rate-Al1 R e s t r i c t i o n s  

(5,011 -2) 21:03 Thursday, May 11, 2000 65 

ARIMA Procedure 

Maximum L i ke l i hood  Es t imat ion  

Approx. 
Parameter Est imate Std E r r o r  T R a t i o  Lag Va r i ab le  S h i f t  
MU 1 -98299 O .  04046 49-05  O CON-ALL O 
MAI, 1 -0.14028 O .  04853 -2.89 1 CONALL O 
MA1 ,2 -0.1471 1 O .  04883 -3.01 2 CONALL O 
AR1,l 0.10179 0 -04923 2.07 5 CONALL O 
NUM 1 -0.1 9996 O .  05700 -3.51 O RESTRICT O 

Constant Est imate = 1.78115204 

Variance Est imate = 0.16739608 
Std E r r o r  Est imate = 0.40914067 
AIC = 443.135429 
SBC = 463.30086 
Number o f  Residuals= 41 7 

Co r re l a t i ons  o f  the  Est imates 

CONALL CON-ALL CONALL 

Va r i ab le  Parameter MU MA1 ,1 MA1 ,2 

CON-ALL MU 1 .O00 -0.003 - 0  .O02 

CON-ALL MA1 , 1 -0.003 1 -000 0.118 

CON-ALL MAI, 2 -0.002 O. 118 1 .O00 

CONALL AR1,l -0.015 0.011 -0.015 

RESTR ICT NUM 1 -0.706 0.004 O .  004 

CONALL 

AR1,1 

-0.015 

0.011 

-0.015 

1 .O00 

O .  O26 

Au toco r re l a t i on  Check o f  Residuals 

To C h i  Au tocor re la t ions  
Laa Sauare O f  Prob 

ARIMA Procedure 

Au toco r re l a t i on  P l o t  o f  Residuals 



Std 

O 

O. 048970 

O. 048975 

O. 048980 

O. 0491 40 

O. 0491 42 

0 -049151 

O. 0491 80 

O. 049269 

O .O49279 

0.049300 

O. 049967 

O. 049984 

0 .O501 12 

0.050114 

O. 050539 

0. 050577 

0.050599 

0. O50807 

O. 051 O96 

0.051252 

O. 051258 

0 .O51261 

O. 051280 

0 .OS1537 

May 11, 2000 

Lag Covariance C o r r e l a t i o n  

O 0,167396 1.00000 

1 -0.0015768 -0 -00942 

2 -0.0018398 -0.01099 

3 -O.OO955O4 -0.05705 

4 -0.0011115 -0.00664 

5 -0.0022752 -0.01359 

6 -0.0040668 -0.02429 

7 0.0071544 0 .O4274 

8 0.0024178 0.01444 

9 -0.0034803 -0.02079 

10 0.019671 0.11751 

11 -0 -0032047 -0 -01914 

1 2  0.0086398 0.05161 

13 -0.0010869 -0.00649 

1 4  -0.015801 -0.09439 

15 -0.0047565 -0.02841 

16 0.0036342 0.02171 

17 -0.011104 -0.06633 

18 0.013104 0.07828 

19 -0.0096568 -0 .O5769 

20 -0.0018854 -0.01126 

21 -0.0013251 -0.00792 

22 0.0034451 0.02058 

23 0.012408 0.07412 

24 -0.014017 -0.08373 

. I'. 

'"1 . 
'.' marks two standard e r r o r s  

ARIMA Procedure 

Inverse Autocorrelat ions 

Lag C o r r e l a t i o n  -1 9 8 7 6 5 4 3 2 1 O 1 2 3 4 5 6 7 8 9 1 
1 -0.03314 1 .'I . 
2 0.01967 1 

1 
- 1 .  1 

3 O .O8860 1 [ * *  
4 -0 .O5073 1 .*I . 

1 
1 



May 11, 2000 68 

ARIMA Procedure 

P a r t i a l  Autocorrelations 

Lag Corre la t ion  -1  9 8 7 6 5 4 3 2 1 O 1 2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

21 : O3 Thursday, 

Mode1 f o r  v a r i a b l e  CONALL 

Estimated I n t e r c e p t  = 1.98299493 

Autoregressive Factors 
Factor 1: 1 - 0.10179 B**(5) 

Moving Average Factors 
Factor 1: 1 + 0.14028 8* * (1 )  + 0.14711 Ee* (2 )  

Input  Number 1 is RESTRICT. 
O v e r a l l  Regression Factor = -0.1999 



Mode1 3: ('At-faultn Crash Ra te-Driving Restrictions 

(3-6,0,5) 08 : 58 Fr iday  , 
May 12, 2000 220 

AtR IMA Procedure 

Maximum I L i k e l i h o o d  E s t i m a t i o n  

- Arpprox. 
Parameter Est imate Stbd E r r o r  T R a t i o  Lag V a r i a b l e  Shift 
MU 2.25780 0 . I l 962  18.88 O CRASH0 O 
MA1 ,1 -0.08335 0 .O4963 -1.68 5 CRASH0 O 
AR1 , 1 0.13413 0 .O4880 2.75 3 CRASHD O 
AR1,2 O. 15661 0.0491 2 3.19 6 CRASH0 O 
NUM1 - 0  -75907 O .16765 -4.53 O RESTRICT O 

Constant Est imate = 1 -601.38889 

Variance Est imate = 1 -31 0.941 56 
Std E r r o r  Est imate = 1 .144:96356 
AIC = 1301 ..52615 
SEC = 1321 -169158 
Number of Residuals= 41 7 

C o r r e l a t  i o n s  o f  the Est imates 

RESTR ICT 

NUM 1 

CRASHD CRASH0 CRASH0 

Var iab le  Parameter MU MA1 ,1 AR1 ,1 

CRASH0 MU 

CRASHD MA1 ,1 

CRASH0 AR1 ,1 

CRASH0 AR1 ,2 

RESTRICT NUMl 

C h i  
Square OF 

2.13 3 
8.58 9 

13.79 15 
24.90 21 
29 -96 27 
34.59 33 
38.74 39 
40.08 45 

A u t o c o r r e l a - t i o n  Check o f  Residuafs 

Prob 
O .  547 
0.476 
0.541 
0.252 
0.316 
O .  392 
O .  482 
0.680 

A u t o c o r r e l a t i o n s  

CRASHD 

AR1,S 

(34,015) 08:58 Fr iday, 
May 12, 2000 221 

ARIMA Procedure 



A u t o c o r r e l a t i o n  P l o t  o f  Res idua ls  

S t d  

O 

O. 0 4 8 9 7 0  

O. 0 4 9 1  0 8  

O. 0 4 9 2 0 5  

0 . 0 4 9 2 0 7  

O .  0 4 9 2 1  1 

O .  0 4 9 2 1  2 

0 - 0 4 9 2 1  7 

O .  0 4 9 5 7 5  

0 . 0 4 9 6 0 7  

0 . 0 4 9 6 9 2  

O .  O49883  

O. 0 4 9 9 3 6  

O .O 4 9 9 4 8  

O. 0 5 0 0 2 9  

0 - 0 5 0 0 3 4  

O. 0 5 0 0 8 2  

0 . 0 5 0 1 3 8  

O. 0 5 0 2 4 7  

O .  0 5 0 5 1 7  

0.O5O637 

O .  0 5 0 6 8 3  

0 .051  2 2 5  

O .  0 5 1  4 9 7  

0 . 0 5 1  5 0 2  

Lag Covar iance C o r r e l a t i o n  -1  9 8 7 6 5 4 3 2 1 O 1 2 3 4 5 6 7 8 9 1 

O 1 . 3 1 0 9 4 2  1 .00000  1 j*ttittttttt****ttttt 1 

1 O - 0 6 9 5 3 9  0 .O5304 1 . 1'. 1 

. . marks t w o  s tandard  e r r o r s  

( 3 - 6 , 0 , 5 )  08:58 F r i d a y ,  
May 12, 2 0 0 0  222 

ARIMA Procedure 

I n v e r s e  A u t o c o r r e l a t i o n s  

Lag C o r r e l a t i o n  -1 9 8 7 6 5 4 3 2 1 O 1 2 3 4 5 6 7 8 9 1 
1 - 0 . 0 2 9 0 8  1 .*I - 1 - 



08:58 Friday, 
May 12, 2000 223 

ARIMA Procedure 

P a r t i a l  Au tocor re la t ions  

Lag C o r r e l a t i o n  -1 9 8 7 6 5 4 3 2 1 O 1 2 3 4 5 6 7 8 9 1 
1 0.05304 1 . 1".  1 
2 0.04183 1 . 1'. 1 
3 -0.01172 1 I I 
4 0.00785 1 - 1 -  I 
5 0.00554 1 1 1 
6 -0.01143 1 I -  I 
7 0.08712 1 . 1'" 1 
8 -0-03378 1 .'1 . 1 
9 0.03798 1 . 1'. 1 

10 0.06395 1 . 1'. 1 
11 -0.04639 1 .'I - I 
12 0.01592 1 - 1 -  I 
13 0.04694 1 . 1'. 1 
14 -0.00652 1 I -  I 
15 -0.02850 1 .'I . I 
16 0.03378 1 1'. 1 
17 0.03651 1 . 1'. 1 
18 0.07826 1 . 1"  1 
19 0.03231 1 . I*. 1 
20 -0.05061 1 .* I  . 1 
21 -0.10291 1 ''1 . I 
22 -0 .O6566 1 .*I . 1 
23 -0.00763 1 - 1 -  I 
24 -0.05969 1 .'I - I 

Mode1 f o r  va r i ab l e  CRASH0 

Est imated I n t e r c e p t  = 2.25780249 

Autoregressive Fac to rs  
Fac to r  1: 1 - 0.13413 Eff"(3) - 0.15661 B"(6 )  



Moving Average Factors 
Factor 1: 1 + 0.083346 B"(5) 

input  Number I i s  RESTRICT. 
Overall, Regression Factor = -0 -75907 

08:58 F r i d a y ,  May 12, 2000 333 

- 
ARIMA Procedure 

P a r t i a l  Autocorrelations 

Lag CorrelatLon -1 9 8 7 6 5 4 3 2 1 O 1 2 3 4 5 6 7 8 9 1 

f o r  v a r i a b l e  CRASHL 

Estimated Xntercept = 0.00098226 

Per iod(s )  o f  D i f fe renc ing  = 1 .  

Moving Average Factors 

Factor  1 :  1 - 0.9132 B * * ( l )  

input  Number 1 i s  RESTRICT. 

Per iod(s )  o f  D i f fe renc ing  = 1. 

O v e r a l l  Regression Factor = -0.448 



Mode1 4: Conv ic t ion  Rate-Driving Restrictions 

May 11, 2000 89 
(3,012) 21 :44 Thursday , 

ARIMA Procedure 

Maximum L ike l ihood E s t i m a i o n  

Approx . 
Parameter Estimate Std E r ro r  T Rat io  Lag Variable Sh i f t  
MU O .  32207 0.01283 25.11 O CON-DRIV O 
MA1 ,1 -0.07046 O .  04923 -1.43 2 CON-DRIV O 
AR1 ,1 0.07964 O. 04934 1 1  3 CON-DRIV O 
NUMl -0.01862 0.01810 -1.03 O RESTRICT O 

Constant Estimate = 0.29642148 

Variance Estimate = 0.02539618 
Std E r ro r  Estimate = 0.15936179 
AIC = -344.30177 
SEC = -328.1 69d2 
Number o f  Residuals= 41 7 

Corre lat ions o f  t he  Estimates 

RESTRICT 

NUK1 

CON-DRIV CON-DRIV CON-DRIV 

Variable Paraneter MU MA1 ,1 AR1,l 

CONORIV MU 

CON-DRIV MA1 ,1 

CONORIV AR1,l 

RESTRICT NUMl 

  ut oc or relation Check o f  Residuals 

C h i  
Square OF 

1.91 4 
11.33 10 
19.34 16 
22.81 22 
24.12 28 
31.49 3 4  
35.68 40 
39.22 46 

Prob 
O .  752 
O .  332 
0.251 
0.412 
0.675 
0 -591 
O. 665 
O. 750 

Autocorre lat ions 

(310,2) 21 : 44 Thursday, 
May 11, 2000 90 

ARIMA Procedure 

Autocorre lat ion P l o t  o f  Residuals 



S t d  

O 

O .  048970 

0.048970 

O. 048971 

0.048971 

O. 0 4 9 1  5 3  

O. 0491 9 0  

0.049191 

0.04921 9 

O .  049225  

O. 049672  

O. 049703  

O. 049853  

O. 050248 

0.050485 

0.050665 

O .  050837  

O .  050845  

0.050948 

0.051120 

0.051161 

0.051330 

0,051355 

O .OS1456 

O .  051  471 

May 1 1 ,  2000 9 1  

Lag Covariance C o r r e l a t i o n  - 1  9 8 7 6 5 4 3 2 1 O 1 2 3 4 5 6 7 8 9 1 

2 4 0 . 0 0 0 4 7 3 3 9  0.01864 1 1 .  1 

' . ' marks two standard e r r o r s  

(3,0,2) 21 : 4 4  Thursday, 

ARIMA Procedure 

Inverse  A u t o c o r r e l a t i o n s  

Lag C o r r e l a t i o n  - 1  9 8 7 6 5 4 3 2 1 O 1 2 3 4 5 6 7 8 9 1 
1 0.05612 1 . 1". 
2 0.03427 1 . 1'. 

I 

3 0.04668 1 . 1.. 
I 

4 -0.02873 1 
I 

. * [  . 
5 -0.02064 1 

I 
1 -  I 



May II, 2000 92 

t 

* 

( 3 , 0 1 2 )  

ARIMA Procedure 

21 :44 Thursday, 

P a r t i a l  Autocorre la t ions 

Lag C o r r e l a t i o n  - 1  9 8 7 6 5 4 3 2 1 O 1 2 3 4 5 6 7 8 9 1 

Mode1 f o r  v a r i a b l e  CON-ORZV 

Estimated I n t e r c e p t  = 0.32207032 

Autoregressive Factors 

Fac tor  1 : 1 - 0.079637 B"(3) 

Moving Average Factors 

Fac tor  1 : 1 + 0.070462 B * * ( 2 )  

I n p u t  Number 1 is RESTRICT. 

O v e r a l l  Regression Factor  = -0.01862 



Mode1 5: c c A t - f a u l t n  Crash Rate-Driving R e s t r i c t i o n s  

S t d  

O 

O. 049029 

O. 0491 87 

08158 Fr iday ,  May 12, 2000 330 

ARIMA Procedure 

Maximum L i k e l i h o o d  E s t i m a t i o n  

~ p p r o x .  
Parameter Est imate S t d  E r r o r  T R a t i o  t a g  V a r i a b l e  S h i f t  
MU 0.0009823 0.0017840 0.55 O CRASHL O 
MA1 ,1 0 -91320 0 .O2265 40.31 1 CRASHL O 
NUM 1 -0 -44800 0.18375 -2.44 O RESTRICT O 

Constant  Estirnate = 0.00098226 

Var iance Est imate = O.l551992l 
Std E r r o r  Est imate = 0.39395331 
AIC = 410.314279 
SBC = 422.406335 
Number o f  Residuals= 41 6 

C o r r e l a t i o n s  o f  t h e  Est i rnates 

CRASHL CRASHL RESTRICT 
V a r i a b l e  Parameter MU MA1 ,1 NUM 1 

CRASHL MU 1.000 0.136 -0.270 
CRASHL MA1 ,l 0.136 1 .O00 -0 -441 
RESTRICT NUMl -0 -270 -0.441 1,000 

A u t o c o r r e l a t i o n  Check o f  Res iduals  

C h i  
Square O F  

3.21 5 
16.17 11 
25.62 17 
27.66 23 
31 -19 29 
35.36 35 
40.54 41 
50.67 47 

May 12, 2000 331 

A u t o c o r r e l a t i o n s  
Prob 
0.668 0.057 -0.013 -0.002 -0.053 -0.025 
0.135 0.080 0.067 0.081 -0.103 -0.048 
0.082 -0.100 0.040 0.028 -0.059 -0.077 
0.229 -0.038 -0.044 -0.027 0.008 0.020 
0.357 0.050 -0,003 -0.051 -0.028 -0.005 
0.451 -0.017 -0.011 0.049 -0.011 -0.048 
0.491 0.024 0.044 -0.040 -0.004 -0.016 
0.331 0.012 0.015 0.086 -0.066 0.050 

ARIMA Procedure 

A u t o c o r r e l a t i o n  P l o t  o f  Res iduals  

Lag Covariance C o r r e l a t i o n  - 1  9 8 7 6 5 4 3 2 1 O 1 2 3 4 5 6 7 8 9 1 

O 0.155199 1.00000 1 ~ * t * * t t t t . * * * * * * f t t * *  1 

1 0.0088071 0.05675 1 . [ * .  1 

2 -0.0020813 -0 .O1341 1 - 1 .  1 



'.' marks two standard er rors  

May 12, 2000 332 

ARIMA Procedure 

Inverse Autocorrelat ions 

Lag Corre la t ion  
1 -0.04589 
2 0.00617 
3 0.00750 
4 O .O3419 
5 0.01103 
6 -0.00438 
7 -0.05853 
8 -0 .O5307 
9 -0.08943 

10 0.09354 
11 0 .O2834 



08: 58 Fr iday ,  
May 12, 2000 333 

ARIMA Procedure 

P a r t i a l  Aurocorrelat ions 

Lag Cor re la t ion  -1  9 8 7 6 5 4 3 2 1  O 1 2 3 4 5 6 7 8 9 1  

Mode1 f o r  v a r i a b l e  CRASHL 

Estimated I n t e r c e p t  = 0.00098226 
Per iod(s)  o f  D i f fe renc ing  = t .  

Moving Average Factors 
Factor  1: 1  - 0.9132 B r n ( l )  

Input  Number 1  i s  RESTRICT. 
Per iod(s )  o f  D i f fe renc ing  = 1. 
O v e r a l l  Regression Factor = -0 .448 



Mode1 6: Conviction Rate-Licensing Restrictions 

(5,0,1-2) 21 :44 Thursday ,  May 11, 2000 43 

ARIMA Procedure 

Maximum L i k e l i h o o d  E s t i m a t i o n  

Approx.  
P a o m e t e r  E s t i m a t e  S t d  E r r o r  T R a t i o  Lag V a r i a b l e  S h i f t  
MU 1 -88381 0.04141 45.50 O CON-LIC O 
MA1 ,1 - 0.13397 O,  04845 -2.76 1 CON-LIC O 
MA1 ,2 -0.1 6331 O .  04871 -3.35 2 CON-LIC O 
AR1,l 0.11145 O. 04906 2.27 5 CON-LIC O 
NUM 1 -0.20355 O. 05832 -3.49 O RESTRICT O 

Constan t  E s t i m a t e  = 1.67386057 

Var iance E s t i m a t e  = 0.16915579 
S t d  E r r o r  E s t i m a t e  = 0.41128554 
AIC = 447.516033 
SEC = 467.681464 
Number o f  R e s i d u a l s =  41 7 

C o r r e l a t i o n s  o f  t he  Es t ima tes  

RESTR ICf 

NUM 1 
V a r i a b l e  Paramete r 

May 11, 2000 44 

CON-LIC MU 

CON-LIC MAI ,1 

CON-LIC MA1 ,2 

CON-LIC AR1,l 

RESTRICT NUMl 

CON-LIC CON-LIC CON-LIC 

MU MA1 , 1  MA1,2 

A u t o c o r r e l a t i o n  Check o f  Res idua l s  

C h i  
Square DF Prob 

1.57 3 0.665 
9.55 9 0.388 

17.70 15 0.279 
19.13 21 0.576 
25.13 27 0.567 
29.80 33 0.627 
36.83 39 0 -569 
41.75 45 0.610 

A u t o c o r r e f a t i o n s  

CON-LIC 

AR1 ,1 

-0.015 

-0  .O01 

-0.010 

I .000 

0.024 

(51011-2) 21 :44 Thursday,  

ARIMA Procedure 

A u t o c o r r e l a t i o n  P l o t  o f  Res idua l s  



Std 

O 

0 .048970  

O .  048975  

0 . 0 4 8 9 8 2  

O .  0491 3 0  

0 .O49145 

O .  0491  52 

O .  0491 5 2  

O .  0491 5 3  

O .  0491 5 7  

0 .O49496 

0 . 0 4 9 9 4 2  

O .O49978 

O .  0 5 0 0 5 2  

0 . 0 5 0 0 8 7  

O .  050484  

O .  050488  

0 .050573  

O .  050727  

O .  050940 

O .  050980 

0.050980 

O .  OS0983 

O .  OS0990 

O .  051  0 9 3  

Lag Covariance Co r re l a t i on  -1  

. . marks two standard e r r o r s  

( 5 , 0 , 1 - 2 )  2 1  : 4 4  Thursday , 
May 1 1 ,  2000 4 5  

ARIMA Procedure 

Inverse Au toco r re l a t i ons  

Co r re l a t i on  - 1  9 8 7 6 5 4 3 2 1 O 1 2 3 4 5 6 7 8 9 1 
- 0 . 0 0 8 3 6  1 1 -  ! 



(5,031-2) 21 : 44 Thursday , 
May 11, 2000 46 

ARIMA Procedure 

P a r t i a l  Autocorrelat ions 

Lag Correlat ion 
1 -0.01003 
2 -0.01163 
3 -0.05543 
4 -0.01850 
5 -0.01362 
6 -0.00755 
7 -0.00014 
8 0.00778 
9 -0.08466 

10 0 .O9521 
11 0.02788 
12 0.03371 
13 -0.01846 
14 -0.08804 
15 -0.00479 
16 0.04271 
17 -0.06620 
18 0.05680 
19 -0.01426 
20 -0 .O1057 
21 0.00084 
22 -0.02537 
23 0.03513 
24 0.01517 

Mode1 f o r  v a r i a b l e  CON-LIC 

Estimated I n t e r c e p t  = 1 .88381269 

Autoregressive Factors 
Factor 1: 1 - 0.11145 Bt"(5) 

Moving Average Factors 
Factor 1: f + 0.13397 B t * ( l )  + 0.16331 Be(2) 

Input Number 1 is RESTRICT. 
O v e r a l l  Regression Factor  = -0.20355 




