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ABSTRACT 

Loss of l ife resu lting from road accidents incurs an  immeasurable social and financial cost on 

society every year. Fortunately, the number of road injuries and fatal ities has been reducing 

in most industralised countries for the past three decades due to the ongoing improvement of 

the engineering of roadways, the safety of vehicles and the changing attitudes and behaviour 

of drivers. Governments are constantly developing innovative tactics to further reduce the 

number of road accidents. 

One such initiative has been the adoption of marketing theory and specifical ly, advertiSing, by 

transport agencies in Australia and New Zealand into their road safety strateg ies. The 

Governments of both countries have proclaimed the campaigns to have been a success. 

However, the two road safety advertising campaigns have been studied by a number of 

researchers with conflicting results and conclusions about their efficacy. The studies have 

varied in form, estimation, outcomes, and data, making the comparison of their claims often 

very difficult. Pol icymakers and the public rely on the research of road safety experts when 

deciding on the best actions to undertake. However, the experts have each in turn argued 

that their approach was the most appropriate and that other researchers had done something 

wrong to reach their conclusions. 

The objective of this research was to identify a robust measure of road safety advertising 

effectiveness to take the confusion out of the ongoing debate. 

Using a single set of data and a range of advertising forms and road safety outcomes, 

previous eva luations of the New Zealand campaign were replicated and extended to discover 

which approach provided the best explanation of the value of road safety advertising.  A 

further refinement was then made that addressed a potentia l problem with the original 

methods. Therefore, the research exhausted all the appropriate single and multiple equation 

approaches to the econometric evaluation of the effectiveness on road safety advertising 

using non-experimental data . 

The research shows that using one data source and a range of road safety outcomes, a 

robust and consistent measure of advertiSing effectiveness could not be identified among the 

approaches investigated. Furthermore, there is no objective way of knowing which of the 

models tested best reflects the actual situation . Therefore, it is claimed that a viable solution 

to this dilemma is to implement an experimental approach to identify the true effect of road 

safety advertising on driver behaviour. 

i i i  
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CHAPTER 1.  INTRODUCTION 

Accidents resulting from road crashes have long been a significant cause of death and injury 

worldwide, prompting authorities to implement a range of measures designed to improve the 

safety of vehicles, improve the engineering of roadways, and improve the behaviour of 

drivers. In spite of these measures, road fatal ity rates are still high a nd remain a concern in  

many countries, including New Zealand. 

In recent years, efforts to reduce road accidents have shifted away from engineering 

solutions, onto an emphasis on human factors. Modifying driver attitudes and behaviour has 

become the focus, and the adoption of marketing and advertising has become a key, if not 

the major, component of many road safety strateg ies. Two countries in particu lar, Austra l ia 

and New Zealand, have adopted this approach with New Zealand adopting the Australian 

blueprint. The New Zealand road safety advertising campaign is the focus of this thesis. 

Following the implementation of large budget mass media advertising, Government 

authorities in New Zea land have heralded the campaign to have been highly successful and 

cost effective in reducing road aCcidents, deaths and injuries. In  the first three years of the 

road safety campaign, fatal ities in New Zealand fell by 15%. Further to the noted reductions 

in certa in road safety statistics, a series of econometric evaluations of the New Zealand 

campaign have been completed and some of these have formed the basis of the claims of 

success. However, there has been m uch a rgument over the form and variables used in the 

evaluations and the results have been sometimes confl icting . Clearly, confl icting findings 

make it cha l lenging for policy makers to susta in  a position on the campaign's true 

effectiveness and, in turn, potentially undermine the public's confidence in the investment in 

road safety. 

Econometric evaluations of the campaign carried out by Cameron & Vulcan ( 1998) Tay (1999, 

2001 )  and Guria and Leung (2004) found the New Zealand campaign to have been 

successfu l, whereas other evaluations completed by Macpherson and Lewis ( 1996, 1998) and 

White, Walker, Glonek & Burn's (2000A) found no evidence of any effect on driver behaviour. 

Unfortunately, a comparison of the evaluations of the New Zealand campaign is made difficu lt 

as they have each utilised quite distinct econometric models. The models of the New Zealand 

campaign have varied in terms of, levels of data (monthly, quarterly a nd yearly), estimation 

(ordinary least squares, autoregression general ised least squares) functional forms (double­

log, log-linear, l inear-log and l inear), dependent variables (positive breath tests, serious 

crashes, high-a lcohol hour serious crashes, fata lities) advertising measures (adstock, TARPs, 

categorical), and the configuration of other variables used to represent effects external to the 
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campaign. 

However, there is one characteristic shared by al l the previous evaluations of the New 

Zea land campaign that may explain the fai lure of previous studies to find any agreement o n  

the effect of the road safety advertising . All o f  the attempts, thus far, to evaluate the New 

Zealand campaign have util ised sing le-equation measures and it has been suggested by 

Macpherson and Lewis ( 1998) that a sing le equation measure may be inappropriate for 

model l ing the road safety data . They noted that road safety advertising wil l tend to be 

schedu led at times when high levels of drink-driving or high numbers of road accidents are 

expected to occur. So, while road safety advertiSing wi l l  be related to changes in drink­

driving, changes in the level of drink-driving wi l l  a lso be related to changes in advertising -

representing a two-way relationship. Therefore, it is possible that two-way, endogenous, 

relationships may exist in the road safety data between advertising and other key explanatory 

variables and any road safety outcome util ised as the dependent variable in the models. For 

example, the level of advertiSing and enforcement wil l  increase during the festive season, a 

season traditiona lly associated with higher levels of drinking and driving. The existence of 

such two-way relationships between explanatory variables and the dependent variable wil l  

resu lt in biased estimates when using single-equation methods. Single-equation methods 

assume that the estimated relationships are a l l  one-way. U nfortunately, when using non­

experimental data there is no way of knowing whether the estimated relationships are one­

way or two-way. However, if no consistency is identified in the key explanatory variables 

across any of the single-equation measures then it is possible that this is due to their 

endogenous nature. 

This study proposes that there are two possible explanations for the contradictory findings in  

regards to the New Zea land road safety campaign's success. That is, the inconsistent results 

may be due to the many disparities in the eva luation models developed, or they may be a 

consequence of the inappropriate use of sing le-equation models to describe a multiple­

equation environment. 

The study reported in this thesis takes the econometric models that have been used to 

eva luate the New Zealand road safety advertising and appl ies them to a single time series 

that encompasses the first three years of the campaign .  The original evaluation procedures 

are repl icated and then extended by repeating the models using a series of road safety 

outcomes. 

After demonstrating that the sing le-equation measures are unable to produce consistent 

advertising estimates a multiple equation approach, two stage least squares, is undertaken to 
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address the possible endogeneity of some explanatory variables. Therefore, the current 

study wil l exhaust a l l  the appropriate single and multiple equation methods for the post­

campaign evaluation of the campaign's effectiveness across a range of road safety outcome 

variables. The objective is  to attempt to draw a conclusion as to which econometric 

approach, if any, provides a robust measure of the effectiveness of road safety advertising .  

In order for policy makers to have confidence i n  a method when evaluating the effectiveness 

of road safety advertising effectiveness, the approach used should be resistant or robust to 

any change in the outcome chosen for the model. If a measure is sensitive to a change i n  

the road safety outcome, then it wil l be vulnerable to the argument that the resulting 

estimates are purely a function of the configuration of the model and method chosen by the 

researcher. To this end, a robust measure is defined in this thesis as an econometric method 

that produces consistent advertising estimates in terms of direction and statistical significance 

across road safety outcomes. In addition, as there are a rguments for and aga inst the type of 

variable used to represent the advertising exposure in evaluation models - Adstock versus 

TARPs, a l l  road safety advertising themes versus drink-drive themes - different advertising 

variables wil l be used, where pOSSible, in additional replications of the previous  methods. 

Consistent advertising estimates are further defined as advertising estimates that are either 

all significant and negative in direction or significant and positive in direction .  

At this stage i t  should be noted that it is acknowledged that there i s  a lso a considerable level 

of academic debate surrounding the overal l  subject of advertising effectiveness . The many 

ongoing academic arguments around the issue range from : the merits of pre-testing 

advertising, the most appropriate types of pre-testing methods, communication variables 

versus behavioural variables, the choice among the available communication variables to the 

much broader and overarching question of how advertising actually works. However, none of 

these issues are relevant to the research question addressed by this thesis. The focus of this 

thesis is the comparison of accepted econometric methods for the evaluation of road safety 

advertising and whether any conSistency can be found in the conclusions derived from one of 

these models that would provide policy makers and the publ ic with confidence in their 

application. 

The thesis is organ ised as fol lows; Chapter 2 reviews the literature relating to road safety 

model l ing and examines the series of eva luations of the New Zealand road safety advertising 

campaign.  Chapter 3 reports the resu lts of the replications and extensions of the single 

equation models previously used to examine the New Zea land road safety advertising 

campaign .  Each approach wil l  be tested across a range of road safety outcomes and, where 

pOSSible, advertising variables to try and identify a robust measure of advertising 
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effectiveness. 

Chapter 4 describes how two stage least squares estimation can overcome the problem of 

endogeneity and explains why this particu lar method is the most appropriate multiple 

equation method for the modell ing of road safety data if two way relationships exist. Chapter 

5 reports the results of the multiple equation two stage least squares approach to the 

eva luation of the New Zea land campaign again using a range of advertising exposure variable 

and a series of road safety outcomes. Once again, the objective is to determine whether a 

consistent measure of road safety advertising effectiveness can be identified that can then be 

confidently used by pol icy makers to judge a campaign's effect on road safety. 

Chapter 6 wil l  then draw together the key findings to attempt to identify a robust explanation 

of the effectiveness of the road safety advertising campaign .  

I n  summary, the current study wil l :  

• Attempt to identify a robust measure of the effectiveness of road safety advertiSing, 

by: 

o Replicating the existing eva luation models using a single time series, 

o Incorporating a range of road safety outcomes into the existing single 

equation models, 

o UtiliSing a multiple equation approach that solves a potential problem with 

the endogeneity of key explanatory variables. 
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CHAPTER 2. LITERATURE REVIEW 

2. 1 Background 

Accidents resulting from road crashes are a significant cause of death and injury in many 

developed and developing countries and extract a huge toll on the respective communities 

(Decker, Gra itcher, & Schaffner, 1998; Kenkel, 1993; Murray & Lopez, 1996; Sweedler, 

1995). To provide some scope of the scale of human tragedy, in 2003, 40,000 people died 

and more than one mi l l ion were injured in the Member states of the European Union with a n  

estimated cost of 160 bil l ion Euros. Furthermore, i n  2000, there were 41,821 road fata lities 

and 5.3 mil l ion injuries from road crashes in the United States of America, resu lting in an 

estimated annual social cost of over US$230 bil l ion (IRTAD, 2005). 

Understandably, Governments in many industral ised countries have sought to reduce the 

socia l  and economic impact of road accidents (Oppe, 1991) .  Transport authorities in these 

countries have implemented a range of countermeasures to improve the safety of vehicles, 

the eng ineering of roadways, and the behaviour of drivers. Road accident and fatality rates 

have trended progressively downwards in these countries over the last three decades 

(Beenstock & Gafni, 2000). For example, the median number of road fatalities per 100,000 

of population in OECD countries has reduced from 18.5 in 1975 to 9.3 in 2003. Likewise, the 

median number of road deaths per 10,000 vehicles in the OECD has reduced from 7.2 in 

1975 to 1 .7  in 2003 (IRTAD, 2005). However, Beenstock and Gafni (2000) claim  much of the 

reduction in road accident statistics of industral ised countries can be largely attributed to 

incremental improvements in the safety of vehicles and road infrastructure. 

Since the early 1990's the focus of transport authorities worldwide has slowly sh ifted to the 

human behaviours of speeding and drink-driving as they endeavour to reduce road tolls even 

further. One such approach has seen the use of large budget mass media road safety 

advertising campaigns in a number of industral ised countries (Cameron, Haworth, Oxley, 

Newstead, & Le, 1993; Hakim, Shefer, Hakkert, & Hocherman, 1991; Tay, 2004) .  

Following the implementation of  intensive campaigns of  road safety advertising, Governments 

in both Austral ia and New Zealand have claimed that the measure has been high ly successfu l 

in reducing road aCcidents, deaths and injuries (Fa lconer, 1996; Gregg, 1996). A number of 

critics have cla imed that the downward trend in road accident statistics began well before the 

start of the campaigns and question whether the road safety advertising has had any effect 

at a l l  (Beenstock & Gafni, 2000; Macpherson & Lewis, 1998; White, Walker, Glonek, & Burns, 
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2000a). Consequently, a series of evaluations of both the Victorian and the New Zealand 

campaigns have been undertaken in an attempt to estimate the effectiveness of the road 

safety advertising.  However, the results have been mixed and contentious with one study 

after another claiming to have produced a better estimate of the actual advertising effect. 

The claims have ranged from arguments over the form and function of the evaluation models, 

to the specification and estimation of the advertising effects (Guria & Leung, 2004; Tay, 

2001; White, 2000, 2003). 

Both the Austral ian and New Zealand advertising campaigns wil l now be described a long with 

the background to these campaigns. Following each campaign description, there wil l be an  

in-depth examination of  the studies that have either formed the basis of the Government 

claims or represent counterclaims that the advertising has not been proven to be effective. 

The research into the evaluation of the road safety advertising will be reviewed in 

chronological order. 

The modell ing of road safety data involves the use of a number of technical terms. Many of 

these terms will be introduced in Chapter 2 a long with a short explanation . However, a fu l l  

explanation of technical terms used throughout the thesis wi l l  a lso be found in the Glossary of 

Terms on page 146. 

2.2 The Victorian Experience 

2.2.1 The Transport Accident Commission Campaign 

In 1989, the Victorian Transport Accident Commission (TAC) in Australia approached Grey 

Advertising to develop a campaign to make road safety a top-of-mind social issue for the 

state's motorists. The Victorian advertising campaign  represented one of the largest 

Government investments into the marketing of road safety worldwide. The campaign 

eventua l ly formed the basis of a blueprint that a number of other countries have since 

adopted in their own attempts to curb the road tol l .  

The month ly number of road crashes and fatal ities had stead ily increased in Victoria from 

1983 to 1988 and the TAC in Victoria, Australia was seeking a solution to the worsening 

situation (Delaney, Lough, Whelan, & Cameron, 2004). The objective of the advertising 

campaign was to change driver attitudes and behaviour and to launch and communicate two 

new Police enforcement initiatives. These new Police in itiatives consisted of the random 

breath testing using Booze Buses and the use of hidden speed cameras. The advertising 
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campaign was predominantly television advertising with 70% of the budget al located to this 

medium a lone. From 1989 to 1992, AUS$23 mil lion was spent on the TAC campaign with 

another AUS$2.5 mi l l ion on creating the advertisements (Cameron et a l . ,  1993). This level of 

expenditure for a public health mass media advertising campaign was unheralded anywhere 

in the world at the time (Donovan, Jalleh, & Henley, 1999). 

From mid-1989 road crash numbers in Victoria fell sharply and this trend continued for the 

next two years with fatal ities reducing from 796 in 1989 to 396 in 1992. TAC and Victorian 

Government officials qu ickly claimed that these reductions were due to the TAC enforcement 

and publ icity campaign and that the combination had contributed to a 25% reduction in 

serious casualty crashes per year (B l iss, Guria, Vulcan, & Cameron, 1998). Taking these 

claims one step further, it was calculated that the TAC campaign had saved AUS$l bi l l ion i n  

reduced payouts and that the net benefit to society a s  a whole was i n  excess of AUS$2.9 

bil l ion for the period from 1989 to 1996 (TAC, 2000). In addition, the television 

advertisements themselves won many plaudits in terms of execution (Donovan et a l . ,  1999) 

and a number of prestigious advertising awards and accolades (Donovan et al., 1999; Harper, 

1992; Harper & Forsyth, 1994; Harper & L'Hu l l ier, 1990). Grey Advertising has continued to 

act as the TAC's advertising agency and television continues to be the key component in the 

TAC's media budget (Delaney et a l . ,  2004) . 

Many of the claims regarding the benefits and effectiveness of the campaign have emerged 

from a TAC-funded series of evaluations conducted by the Monash Un iversity Accident 

Research Centre (MUARC). As a resu lt of the MUARC program a vast range of reports, 

publications and conference papers have been produced (e.g. Cameron, Cava l lo, & Sul livan,  

1992a, 1992b; Cameron & Harrison, 1998; Cameron et a l . ,  1993; Cameron & Newstead, 

1993a, 1993b; Cameron & Newstead, 1996, 2000; Cameron, Newstead, & Gantzer, 1995a, 

1995b; Cameron, Newstead, & Vulcan, 1994; Cameron & Vulcan, 1998; Caval lo & Cameron, 

1992; Diamantopoulou, Cameron, & Shtifelman, 1998; Drummond, Sul livan, & Caval lo, 1992; 

Gantzer, Newstead, & Cameron, 1995; Narayan, Newstead, & Cameron, 1998; Newstead, 

Cameron, Gantzer, & Vulcan, 1995a, 1995b; Newstead, Cameron, & Narayan, 1998; 

Newstead, Mul lan, & Cameron, 1995; Rogerson, Newstead, & Cameron, 1994; Shtifelman, 

Diamond, & Cameron, 1999; Thoresen, Fry, Heiman,  & Cameron, 1992; Vulcan, 1993, 1998; 

Vulcan, Cameron, & Newstead,  1995). A number of other researchers have a lso provided 

some support for the claims made by the TAC (Bliss et a l . ,  1998; El l iot, 1993; Forsyth & 

Ogden, 1993; RTA, 2002; Tay, 2003b, 2004, 2005b). 

The research report that is central to many of the claimed benefits was the result of research 

carried out by a MUARC research team in 1993 (Cameron et a l . ) .  The MUARC research report 
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is characterised by the development of multiple linear regression models and the estimation 

of a relationship between the TAC road safety advertising and the level of road accidents i n  

Victoria .  

The study that forms the basis of the cameron et a l  ( 1993) report wil l  now be described 

along with the claims of success that have been drawn from the report and the series of 

criticisms that have been di rected at the research . 

2.2.2 The MUARC Evaluation of the TAC Television Advertising 

Fol lowing on from the introduction of the television campaign in Victoria, Australia, the TAC 

funded an  evaluation focussed specifica lly on the effects of the advertising by MUARC 

(Cameron et a l . ,  1993). The research consisted of an evaluation of the TAC advertising in the 

period of 1989 to 1992 and included the ana lysis of a large database of road safety variables 

from 1983 to 1992. The effectiveness of the road safety advertising was measured against 

serious casualty crashes. The variables used in the models were as fol lows (a l l  monthly 

level) :  

• Dependent Variable 

o Serious casualty crashes in high and low a lcohol hours 

• Advertising measures 

o Drink-driving TARPs1 

o TARPs for a l l  themes 

o Adstock2 of drink-driving TARPs 

o Adstock of the TARPs for a l l  themes 

• Enforcement measure 

o Random breath tests 

• Other external  factors 

o Unemployment rate 

o Victorian alcohol sales 

o Linear trend component 

o Seasonal monthly dummy variables. 

I Target Audience Rating Points is a measure of audience reach. It is a summation of the Rating Points 
(the percentage of persons in the viewing area estimated to be watching the specific television channel 
at the time the advertisement is shown) for the particular Target Audience of the advertisement. Please 
refer to the Glossary and Appendix I for more details on these measures of advertising. 

2 Adstock is a Koyck decay function of the accumulation of Target Audience Rating Points (TARPs) in 
the current week along with the decayed effects (applying a specific retention factor) of TARPs placed 
in the previous week or weeks. Therefore, Adstock is cumulative decayed ratings and represents the 
amount of advertising current at the time. 
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The method of analysis used in the eva luation was double-log ordinary least squares (OLS) 

regression. 

The research claimed l inks between levels of TAC publ icity supporting the speed and a lcohol 

enforcement programs and reductions in casualty crashes when other major factors are held 

constant. The study a lso estimated benefits, in terms of reduced TAC payments, were 

respectively 3 .9 and 7.9 times the costs of advertising supporting the speed a nd a lcohol 

enforcement programs. It was also concluded that drink-drive advertisements contributed 

from 6.7 to 7 .5  percent, and speed advertisements contributed from 6.2 to 8.7 percent to the 

reduction in a l l  serious casua lty crashes from 1990 to 1992. 

Estimates from the analysis were a lso used to create a cost-benefit function of the 

relationship between the advertising and serious crashes. From this function it was claimed 

that high levels of advertiSing - up to 800 TARPs per month on average for drink-drive 

advertising and 540 TARPs per month for speed advertising - were economically justified . 

Despite the large body of research supporting the TAC claim that the road safety advertising 

was high ly effective, a number of studies have since ra ised concerns about the validity of 

MUARC's research and their subsequent conclusions. 

2.2.3 Some Criticisms of the MUARC Evaluation of the TAC Television 

Advertising Campaign 

A series of criticisms of the Cameron et a l  ( 1993) evaluation have been raised by other road 

safety researchers in regards to the claims that have been subsequently made about the 

campaign's effectiveness. These criticisms wil l  now be reviewed beginning with claims that 

Cameron et al model fails to take into account the effect of the local Victorian economy on 

the number of road crashes. 

2.2.3.1 The Effect of the Economy on Victorian Crash Statistics 

A number of researchers have demonstrated that major fluctuations in crash statistics can be 

entirely explained by changes in economic conditions. Partyka ( 1984) demonstrated that 

cycles in annual US road crash statistics were entirely accounted for by annual labour force 

statistics. Likewise, fa l l ing crash statistics in British Columbia, Canada, in 1982 were found to 

be entirely attributable to the declining economy (Cooper, 1986). Furthermore, the progress 

in economic conditions in East Germany fol lowing reun ification was shown to be responsible 
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for a four-fold increase in road fata l ities (Winston, Rineer, Menon, & Baker, 1999). 

The boom Victorian economy of the eighties mirrored that of Australia and the rest of the 

world and l ikewise, was affected by the stock market crash of 1987. As mentioned 

previously, crash numbers in Victoria fel l  sharply from mid 1989, approximately six months 

prior to the introduction of the TAC campaign .  The steady rise and subsequent sharp fal l  in 

road crash and fatal ity n umbers in Victoria between 1983 and 1992 and the implementation 

of the TAC campaign appeared to mirror the boom and bust cycle of the local economy 

(Thoresen et a l . ,  1992). White, Walker, Glonek, & Burns (2000b) have argued that changes 

to the Victorian economy are largely responsible for the reduction in road accident statistics -

not the TAC advertising campaign.  

Harry ( 1997) reviewed the l iterature on the relationship between the economy and road crash  

statistics and concluded that as  the level of  the economy rises, the number of  crashes wil l  

a lso rise. He attributed this relationship to the effect of changes i n  the economy on the 

quantity and quality of travel .  As discretionary income increases with an improving economy, 

so too does the quantity of kilometres driven by SOciety. Similarly, an upturn in the economy 

may result in a change in  the quality of travel .  With an  improving economy there wil l be a 

corresponding increase in  the number of young drivers able to afford discretionary social 

travel and higher a lcohol consumption .  Consequently, there will be an increase in young 

drivers' level of exposure to road crashes. 

Whi le the regression models developed by Cameron et a l .  ( 1993) included Unemployment as 

an  indicator of the economy, White et a l .  (2000b) claim, fol lowing a re-analysis of the MUARC 

data, that the strong effects reported by Cameron et al ( 1993) were largely a result of their 

choice of economic indicator. White et a l  (2000) demonstrated that fol lowing the introduction 

of a smooth leading index as an a lternative economic measure, the campaign estimates were 

found to be non-significant. 

2.2.3.2 Potential Confounding Effect of Underlying Global Trend 

White et al (2000) a lso noted that the reduction in Victorian road crashes preceded the 

introduction of the TAC campaign by six months and therefore, can not be solely attributed to 

the later change. Beenstock and Gafni (2000) a lso claim that the fal l  in the Victorian accident 

rate that corresponded to the period included in Cameron et a i's (1993) eva luation may have 

simply been the renewal of a g lobal downward trend in accident rates. For the 29 year 

period of 1970 to 1999 there has been a strong overal l  downward trend in Victorian monthly 

fata lities. As discussed previously, such a downward trend is consistent with crash trends 
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across developed countries since about 1970 (Beenstock & Gafni, 2000; Broughton, 1991 ;  

Henderson, 1997) and that these long term trends are mainly due to social learning, the 

incremental effects of safer vehicles and improvements towards a safer road infrastructure. 

Cameron et al ( 1993) accounted for trending effects in their models of Victorian serious 

crashes by including a trend variable. However, White et al (2000b) demonstrate that the 

monthly road fatal ities for Victoria possessed a strong upward deviation from the long term 

g lobal trend for the first six to seven years of the analysis period (from 1983 to 1992). They 

argue that this upward deviation is clearly not due to the implementation of TAC 

countermeasures as they precede these initiatives and if the reasons for the changes are not 

explicitly accounted for in the crash models the estimates of the countermeasures effects wi l l  

be unreliable. None of the variables in the Cameron et a l  ( 1993) models accounts for this 

pattern in the Victorian crash data . This could, in turn, explain why the regression 

coefficients estimated in Cameron et a i 's models were in the opposite direction to what would 

be expected - the trend estimates were all positive. 

2.2.3.3 Collinearity of Advertising and Enforcement 

Estimates derived from regression models are susceptible to high levels of coll inearity among 

explanatory variables (Hair, Anderson, Tatham, & Black, 1998). When explanatory variables 

are highly correlated (r <0.80) and are included in the same regression model, their effects 

can not be accurately separated. As discussed previously, one of the central objectives of the 

TAC advertising was to announce and reinforce police enforcement initiatives (Cameron et a l . ,  

1993). The end result of this co-ordination between countermeasures is  a very high 

correlation of (r =0.95) between drink-drive advertising and drink-drive enforcement. 

However, this issue has been ignored by the MUARC researchers even though they were 

clearly aware of it. The issue of high col l inearity between countermeasure variables was 

previously highlighted by MUARC (Drummond et a l . ,  1992) where it was concluded "The 

effect of publicity cannot be partial led out from the effect of RBT operations" (p.59). In more 

recent research MUARC have further acknowledged the problem of col l inearity between drink­

drive advertising and enforcement variables and that the issue means that the separate 

effects of the countermeasures can not be estimated and that a combined measure is 

required (Narayan et a l . , 1998). Moreover, in their stated assumptions, Cameron et a l  ( 1993) 

recogn ise the potential for problems with high levels of col l inearity between explanatory 

variables and claim that it is unl ikely to affect the estimates. White at a l  (2002) concludes 

that the model l ing of separate effects for the advertising component in the Cameron et a l  

( 1993) eva luation was invalid and based on the false assumption of no issues of collinearity. 

As a result, the claims of the advertising effects, the estimated advertising-response 

1 1  



relationship, and the derived benefits, are a lso inval id .  

2.2.3.4 The Quantitative Assumption 

The use of monthly levels of advertising, either TARPs or Adstock, in the regression models 

developed by cameron et ai, assumes that the effect of the advertisements was quantitative, 

that is, the differences between the levels was important as opposed to the effect being 

simply categorical (no advertising vs. advertising). Cameron et a i's use of a quantitative 

measure of advertising a l lowed them to calculate a dose-response relationship a nd to draw 

cost-benefit conclusions from the advertising estimates. White et al (2000b) cla im to 

demonstrate that the use of a quantitative measure of advertising is inappropriate, since 

there was no TAC advertising prior to the end of 1989 and a number of months during the 

campaign contained no advertising at al l ,  a simple qual itative dummy variable could be used 

to represent the beginning of the TAC advertising campa ign .  In their reanalysis of the data, 

White et al simply included a qual itative measure of advertising with a dummy variable. The 

model containing the TAC campaign dummy variable then produced non-Significant estimates 

for the advertising effects. However, Cameron and Newstead (2000) reject this criticism a nd 

object to the statistical arguments used by White. They argue that it was inappropriate to 

add the qual itative measure into the existing model as it was very high ly correlated to the 

existing quantitative advertising variable and any conclusions drawn from the resu lting 

estimates were, in turn, inval id .  White and Walker (2002) Sidestepped the intricacies of the 

col l inearity issue by conducting an a lternative test of the quantitative assumption that was 

suggested by Cameron at a meeting held in 1999. Fol lowing the alternative test White and 

Walker (2002) concluded that the quantitative assumption was indeed invalid and that a l l  

attempts to calculate cost-benefit claims were subsequently inval id .  

2.2.3.5 Redefinition of the Dependent Variable 

MUARC evaluations of the effects of the TAC campaign ( including Cameron et ai ,  1993) made 

regular use of the number of Victorian serious crashes; however injury severity was radica l ly 

redefined during the period covered by their analyses. In January 1989 Victoria Pol ice made 

major changes to the definition of injury severity that had the effect, if left unadjusted, of 

reducing serious crash numbers by approximately one-third. Attempts were made to correct 

this problem and thereby conserve the reliabil ity of the data . Nonetheless, White (2002) 

claims that the attempt was not entirely successful .  Furthermore, the redefinition of the data 

coincided with the peak in Victorian crash numbers, the peak in economic conditions, and the 

implementation of the TAC road safety campaign .  The overal l  effect of the redefinition is 

12 



effectively a " 17% free-kick" (pg .  22) that closely mirrors the level of the campaign effects 

claimed by MUARC. No reference to potential problems with the crash data or any note of its 

redefinition is conta ined within the MUARC report. 

Despite these criticisms, the Victorian campaign and its corresponding research has been 

used to form a series of recommendations for the use of very high and sustained levels of 

television advertising using fear appeals combined with extremely visible enforcement in a 

number of locations. These include other Austra l ian states (cameron & Harrison, 1998; 

cameron et a l . ,  1997; Vulcan, cameron, Mul lan, & Dyte, 1996); New Zea land (Bl iss et a l . ,  

1998); and South Africa (Gray & Myers, 1999; KwaZulu-Natal,  1996). 

The blueprint from the TAC Victorian campaign was adopted by the Land Transport Safety 

Authority (LTSA) in New Zealand in 1995 and following a similar reduction in crash numbers, 

it was a lso claimed to be highly successful .  The focus of the literature review wil l  now shift to 

the New Zealand LTSA campaign and the subsequent eva luations of its effectiveness. 

2.3 The New Zealand Adoption of the Victorian Blueprint. 

2.3.1 The Supplementary Road Safety Package (SRSP) 

Since the first fata l crash in 1908, a total of 34,000 people have lost their lives on New 

Zea land roads.  Furthermore, while the number of road deaths has declined by 37% since 

1990, the last decade has sti l l  seen 5004 die and 135,000 people injured as a result of traffic 

accidents - road accidents clearly represent a significant contribution to deaths in New 

Zealand (LTSA, 2004). The 1995 New Zea land road tol l  of 580 fatal ities and 17,000 injuries 

was calcu lated to represent a conservative estimate of NZ$3.3 bil l ion (Chapple, 1996; LTSA, 

1996). The social cost of traffic accidents includes the loss of productivity, emergency a nd 

hospital costs, direct pain and suffering, and property damage. However, the rea l social cost 

is expected to be far greater than the estimated value. 

In New Zealand, the Land Transport Authority (LTSA) is one of a number of Government 

agencies charged with the responsibil ity of reducing the loss of lives on New Zealand roads. 

In 1993, the LTSA oversaw the introduction of the compulsory breath testing (CBT) of NZ 

drivers a long with a lowering of the maximum blood a lcohol limit a l lowable for driving from 

30 mg/100 ml to 20mg/100 ml as a new initiative designed to affect driver behaviour. I n  

1994, the LTSA approached the researchers a t  MUARC for extensive advice on  implementing 

a blueprint of the successful Victorian road safety campaign  (Cameron, Vulcan, Haworth, & 
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Kent., 1994).  The Supplementary Road Safety Package (SRSP) was implemented in October 

1995. The SRSP represented a large investment in road safety by the New Zea land 

Government. The sum of NZ$50.6 m il l ion was a l located over 4 years (21 . 2  mil l ion to N .Z .  

Police and 28.7 mil l ion to the LTSA). The Police time spent on  breath screening tests 

increased dramatica l ly over the first two years of the programme with 1 .77 mil l ion tests in the 

second year of the campaign. This equated to testing 70% of a l l  l icensed drivers (Graham, 

1998). Furthermore, the Police oversaw the introduction of speed cameras to reduce the 

contribution of speed to road accidents. However, as evidenced by the relative proportion of 

funding, a sustained road safety advertising campaign was a major and prominent 

component of the SRSP. 

Following the gu idelines of the MUARC researchers, the campaign was designed to change 

driver attitudes and behaviour and to support enforcement initiatives. The advertising was 

a imed to emulate the Victorian strategy in terms of style, content, intensity, media mix and 

timing. The fol lowing quote from Graham ( 1998) i l lustrates this point (p.  3) .  

"The blueprint specifies the tone and manner of the communication :  real istic, non 

judgemental ;  convincing, not apologetic; emotional, not focused on injury to the offender; 

personal; shock but not overplaying the blood and guts or twisted metal ;  hitting core fears; 

leaving people to think  'I don't want to do this to someone'. The communication doesn't 

lecture, threaten, overdo statistics, nor suggest people can't have a drink." 

While a wide range of advertising media was utilised, television advertising at a high level of 

intensity made up at least 70% of the advertising mix. The level of advertising increased in 

i ntensity twelve-fold with NZ$7. 1 mi l l ion spent in 1995, and increased to NZ$8.4 and NZ$9.8 

mi l l ion for 1996, and 1997 respectively, with a stated target of 800 TARPs per month (Bliss et 

a l . ,  1998).  

Graham (1998) outlines that the effectiveness of the campaign was to be j udged in  terms of 

advertising output and awareness, attitudinal measures, intermediate outcomes such as 

accidents involving a lcohol or speed, and overa l l  outcomes such as road fatal ities. The stated 

objective of the SRSP was to save 80 l ives, prevent 450 serious injuries, and prevent 1,600 

minor injuries over the initial four year period. 

2.3.2 The Outcomes 

Fol lowing the introduction of the SRSP campaign the number of road fata l ities dropped 

initial ly and the LTSA was quick to claim the success was largely d ue to the advertiSing 
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campaign (Falconer, 1996; Gregg, 1996). This opinion appeared to be based solely on the 

reduction in fatalities. Furthermore, the advertising campaign was subsequently awarded the 

overa l l  Golden Pinnacle award in 1998 for advertising effectiveness (Howard & Taylor, 1998) . 

However, the campaign attracted a great deal of controversy and debate within New Zealand, 

much l ike it had done in  Victoria, with a number of commentators questioning the 

advertising's involvement in the reduction in the road toll (Howard & Taylor, 1998; Jones, 

1998; Kearns, 1996; Q'Hanlon, 1998; Rotfeld, 1999; Turner, 1998). White (2000) pointed 

out that, there may have been some merit to these arguments as the New Zea land road toll 

had peaked in 1973 and had been trending stead i ly downward since mid 1987 (see Figure 1 

below). 
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Figure 1.  Annual Road Fatal ities in New Zealand 

2.3.3 Independent Evaluation 

An additional aspect of the SRSP measures of effectiveness was that there must be a series 

of independent eva luations of the safety outcomes ach ieved (Graham, 1998). I n  their role as 

private consultants, MUARC researchers, Cameron and Vulcan were invited by the LTSA to 

conduct the independent review of the outcome of the first year of the SRSP (Bl iss et a l . , 

1998). 
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After a rather basic review of the advertising outcomes, the enforcement outcomes a nd the 

accident statistics for the first year of the campaign, Cameron and Vulcan ( 1996) concluded 

that some part of the reduction in road deaths could be attributed to components of the SRSP 

and that the reductions, though sl ight, were consistent with the findings from the Victorian 

campaign and therefore should be followed by much greater reductions in the fol lowing 

years. 

One of the many recommendations with in the Cameron and Vulcan ( 1996) report was the 

suggestion that further research should be undertaken to estimate the effects of the 

components with in the SRSP. This was fol lowed by the first in a series of quantitative 

evaluations of the SRSP and its components that was undertaken by Macpherson ( 1996) a nd 

Macpherson and Lewis ( 1996). In contrast to the orig inal cla ims made by Cameron a nd 

Vulcan ( 1996), the findings of the first quantitative analysis failed to find any evidence of an  

advertising effect on  the drink-drive behaviour of  New Zealand drivers. The Macpherson 

( 1996) study was fol lowed by a succession of evaluations of the New Zea land SRSP that 

consisted of claims and counterclaims about the merits and weaknesses of competing 

ana lyses and the success, or lack of, of the road safety advertising utilised by the LTSA. Al l 

of the eval uations used models of historical road safety data to estimate the effect of the 

SRSP campaign .  The studies were as fol lows: 

• Macpherson ( 1996) 

• Macpherson and Lewis ( 1996) 

• Macpherson and Lewis ( 1998) 

• Cameron a nd Vulcan ( 1998) 

• Tay (1999) 

• White et a l  (2000a) 

• Tay (2001 )  

• Guria and Leung (2004) 

Each of these studies will now be reviewed in chronological order. The model speCification 

and findings of each eva luation wil l  be described a long with any criticisms of the approach 

taken that have been subsequently raised . These studies are examined here as they form 

the baSis of a series of repl ications that wil l  be undertaken in Chapter 3.  
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2.4 Macpherson ( 1996), Macpherson and Lewis ( 1996) and Macpherson and Lewis 

(1998) 

Macpherson ( 1996), Macpherson and Lewis ( 1996) and Macpherson and Lewis ( 1998) al l  

represent different aspects of the same body of research, here forth in this section a l l  three 

studies will be simply referred to as M & L. 

2.4.1 The M & L Models 

In response to the largely unsubstantiated claims being made in the press by the LTSA 

(Falconer, 1996; Gregg, 1996), M & L made the first attempt at replicating the modelling 

approach used by Cameron et al (1993) in their highly lauded a nd procla imed eva luation of 

the Victorian advertising campaign.  While, Cameron et a l  ( 1993) created separate models of 

the speeding and drink-drive advertising to draw cla ims about the overal l  TAC campaign's 

effectiveness, M & L chose to focus on the specific effect of the New Zea land SRSP 

advertisements on drink-drive behaviour. The study sought to answer the question, 'Is 

exposure to the overa l l  SRSP road safety advertising campaign or the specific SRSP drink­

drive advertiSing translating into a shift in driver behaviour?' 

The LTSA and the New Zealand media based their in itial claims of the success of the SRSP 

campaign on reductions in the road toll that appeared to fol low its introduction .  However, M 

& L pOinted out that crash numbers were fa ll ing in New Zealand wel l  before the SRSP was 

implemented; and considered that crash data were insufficient to support a rigorous 

eva luation of the campaign's effectiveness. Furthermore, they claimed that fatal ities are a n  

overal l  measure a n d  make no distinction between victims of drink-drive behaviour and any of 

the other factors invo lved in traffic accidents. This makes fatal ities a rather blunt measure of 

the driving behaviour relative to other more expl icit road safety outcomes that a re avai lable 

to researchers. Using the distinctions between SRSP outcomes proposed by Graham ( 1998), 

M & L chose to base their evaluation models on an intermediate outcome as opposed to the 

overa l l  outcome of road fatalities that the LTSA claims were based upon. In an attempt to 

capture a finer perspective of the advertising effects on driving behaviour - M & L chose to 

use the number of positive evidential breath tests ( EBTs) as the dependent variable in their 

models. They arg ued that one would reasonably expect that a measure more closely l inked 

to the behaviour in question, drink-driving, would provide a more precise measurement of 

drink-drive advertisements than fatal ities or other overa l l  outcomes. 

Following the baSic model specifications from the Cameron et al ( 1993) evaluation, M & L 
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used double-log OLS regression to estimate the relationship. The variables used in the 

models were: 

• Dependent Variable 

o Positive evidential breath tests (EBTs) 

• Independent variables 

o Advertising (used in separate models) 

Adstock of drink-drive TARPs 

• Adstock of al l-theme TARPs 

o Compulsory breath tests (CBTs) 

o Rate of unemployment 

o Trend 

o Seasonal effects (eleven dummy variables) 

The models repl icated the Cameron et a l  (1993) specifications for models of drink-drive 

advertising in that they contained a measure of the advertising intensity, a measure of the 

enforcement component, an economic indicator, and variables to represent underlying trend 

and seasonal effects. 

Once again, consistent with the approach used by Cameron et al ( 1993), a l l  data was at 

monthly level and the estimated models were expressed as multipl icative, as opposed to 

additive, by taking logs (to base e; where e == 2.7182818284) of both sides of the equation. 

The transformation a l lows a mu ltipl icative equation to be converted to an  additive version 

su itable for multiple regression analysis. The use of the double-log transformation is typical 

for the analysis of road safety data (Hakim et a l ., 1991)  and was a lso util ised by cameron et 

al ( 1993).  The period covered by the study was October 1993 to September 1996, so the 

study encompassed the first year of the SRSP campaign .  

After an initial ana lysis of  the correlations between the variables, various models were 

developed to determine whether the SRSP advertising was having an effect on driving 

behaViour, as measured by positive EBTs. The EBT data was then adjusted for seasona l  

variation, trend, and the number of CBTs. The two forms of Adstock were then regressed 

against the adjusted EBTs. A d istinction was made between the types of SRSP 

advertisements in an attempt to capture the specific effect of drink-drive advertiSing a nd the 

general (al l-theme) effects of a l l  of the road safety advertising (drink-drive, speed and seat 

belt) used in the campaign. 

The estimates for the two types of adstock, the general all-theme and the specific drink-drive, 
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were both in the expected direction (-.03 and - .01 respectively) that is, the models suggested 

that the advertising contributed to a fal l  in ESTs. However, neither coefficient was even close 

to being statistica l ly significant at the 0 .05 level. 

A number of l imitations within the study were identified by the authors: problems associated 

with analysing non-experimental data; the small number of observations used in the ana lysis; 

the accuracy and representativeness of the EST data; and the assumption that the effect of 

the advertisements wil l  be l imited to only those people who would potentially drink a nd drive 

and would not affect other driving behaviours such as speeding. 

In conclusion the authors acknowledged that the work represented a prel iminary study and 

that the main findings were: 

• The SRSP drink-drive advertising and drink-drive enforcement do not supplement one 

another to the same degree as was the case in Victoria and this lack of co-ordination 

may adversely affect the success of the advertising campaign - consistent with the 

finding in Cameron et al ( 1993). 

• There is l ittle evidence to suggest that the road safety or drink-drive television 

advertising is contributing to any shift in drink-driving behaviour, thereby indicating 

that the reduction in the New Zealand road toll is l ikely to be due to other factors. 

• Just over half the variation in the number of positive evidential breath tests can be 

accounted for by seasonal variation, the number of compulsory breath tests, and the 

economic conditions. 

M & L stated that it was important to note that the study was affected by limitations in the 

amount of data ava ilable which in turn lead to a smal ler than optimal sample size. They 

suggested that clarification, val idation a nd generalisation of the results identified in this study 

would only be obtained by conducting ongoing research in this area. 

M & L a lso raised concerns that two-way relationships may exist between the SRSP 

advertising, enforcement, and road safety outcomes such as EBTs. Expected high levels of 

drink-driving are l ikely to lead to higher levels of advertising and enforcement. As a result of 

this two way relationship the dependent variable (ESTs or fatal ities) is a lso an independent 

variable in the explanation of the levels of advertising and enforcement. M & L ind icated that 

the presence of such a two-way relationship would make any estimates of the effect of the 

SRSP advertising biased and a lso affect the precision of the estimates. 
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2.4.2 Criticisms of the M & L Models 

A number of researchers have criticised M & L's research in subsequent evaluations of the 

SRSP (Cameron & Vulcan, 1998; Guria, 1999; Guria, Jones, Leung, & Mara, 2003; Guria & 

Leung, 2004; Tay, 1999, 2001) and each of these criticisms will be addressed more 

thoroughly in the fol lowing sections. However, the key pOints raised in the criticisms by these 

researchers relate to: the use of EBTs as the outcome measure, the specification of the 

models, and the issue of autocorrelation in the time series data. 

2.4.2.1 Suitability of Positive Evidential Breath Tests (E8Ts) 

LTSA researchers Guria and Leung ( 1999; 2003; 2004) have a rgued that EBTs a re not an 

appropriate measure of drink-drive behaviour, as there are too many factors affecting the 

number of EBTs. They argue that as enforcement becomes more targeted, the probabil ity of 

being caught would increase. Therefore, the number of detected drink-driving offences could 

increase even if the violation rate has fal len. This wou ld appear to be a compel l ing argument 

for not using EBTs as the outcome variable, but no evidence was provided by Guria et al to 

support the claim that there had been an increase in the targeting of enforcement. However, 

there is an  argument against the claim that breath testing would become more efficient over 

time. The implementation of CBTs was funded by the LTSA purchasing a set number of tests 

from the New Zealand Police. It could therefore be a rgued that the use of this bu lk-funding 

approach for the purchasing of CBTs would not necessarily imply greater levels of efficiency. 

Conversely, pre-purchasing of CBTs could encourage lower levels of efficiency as the Police 

endeavoured to complete quotas rather than focus solely on capturing offenders. This 

distraction may lead to the over testing of certa in a reas for the purposes of increasing the 

total number of tests undertaken rather than increasing the number of positive tests. 

It would a lso be very difficult to find compell ing evidence for gains or losses in efficiency for 

this large scale Pol ice in itiative that was spread over a long period of time. However, both 

these issues can be overcome by simply including a measure of enforcement into the model.  

The inclusion of CBTs into an advertising eva luation model, wi l l  account for changes in the 

level of enforcement activity (Macpherson, 2003) . Incl uding CBTs into the evaluation model 

has a similar effect to using a ratio of EBTs to CBTs as the dependent variable, while a l lowing 

the analysis to pick up  any effect of a change in CBTs, such as might happen if an increased 

presence of enforcement made people change their behaviour - the deterrent effect of 

enforcement. However, simply using a ratio of EBTs to CBTs would assume the effect to be 

constant, whereas including CBTs as an explanatory variable al lows it to take on any val ue 

(Macpherson, 2004). M & L, included a measure of enforcement in their models, CBTs, so 
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the claims by Guria et al that EBTs would not take into account greater levels of targeting and 

would appear to be unfounded. 

Tay (2003a) a lso suggests that EBTs are an inappropriate performance measure because the 

stated objective of the SRSP was to save 80 l ives, 450 serious  injuries, and 1,600 m inor 

injuries over a four  year period. Therefore, measures of road fatalities and injuries or the 

number of fatal and injury crashes would arguably be superior. While this perspective is 

clearly suitable if the aim was to simply eva luate the overal l  SRSP, it does not necessarily 

imply that overal l  outcomes a re more suitable when evaluating the performance of individual 

components of the SRSP such as the road safety advertising . 

Tay also argues ( 1999; 2001;  2003a) that EBTs wil l  not necessarily capture a l l  those who see 

the advertisements and then drink and drive a nd some people who are caught drinking and 

driving may not have seen the advertisements. However, this non-exclusivity argument can 

be equally applied to a l l  measures of a lcohol involvement in driving. Furthermore, a lternative 

outcome measures, such as a lcohol-related fatalities, are conditional on many other 

behaviours, decisions and events. The smaller the degree of separation between behaviours 

and outcomes we can obtain in ana lysing the effect on a particular behaviour of a campaign, 

the greater the l i kel ihood of being able to pick up the effect. We could, in principle, obtain 

more precision in our analysis of the overal l  behaviours, by analYSing separate behaviours, 

individually, than by analysing  the overal l  behaviour  with its prerequisite larger number of 

conditions. 

The other criticism of EBTs was that it is vulnerable to extraneous factors. EBTs were chosen 

as an outcome measure by M & L specifical ly because it was considered less l ikely to be 

affected by 'other factors' compared to overal l  outcome measures such as crash fatal ities. 

Once again, it would be extremely difficult to empirically prove what outcome measure would 

be less affected by other factors however, one would reasonably expect that a measure more 

closely l inked to the behaviour i n  q uestion, drink-driving, would provide a more precise 

measurement of drink-drive advertisements. EBTs by definition are a more suitable measure 

of drink-drive behaviour than overal l  road fatal ities. 

M & L also acknowledged that there were some potential l imitations with the col lection of E BT 

data . EBTs, as recorded, are subject to possible measurement error as the collection process 

is not fully documented and not a l l  positive breath tests are necessarily an indication of d rink­

driving . M & L suggested that an  alternative measure that could be more robust would be 

drink-drive convictions. 
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2.4.2.2 Model Specification Problems 

It has a lso been a l leged that the models developed by M & L could be subject to specification 

errors due to the omission of important variables (Cameron & Vulcan, 1998; Guria, 1999; 

Guria et al., 2003; Guria & Leung, 2004). Unfortunately, no indication has been provided by 

the researchers as to the identity of the important missing variables. Furthermore, as has 

been outlined in the preceding description of M & L, the model specifications they used 

closely mirrored that of the influential Cameron et al ( 1993) study that formed the basis of 

the implementation of the SRSP. If important information has been omitted from the M & L 

models, then the same criticism can be leveled at the MUARC models a nd the u nderlying 

basis of the SRSP advertising blueprint. The only variable that would 'appear' to be missing 

from the final M & L models would be unemployment, the economic ind icator. M & L found 

that Unemployment was high ly correlated to the Trend variable (r  = .90) and subsequently 

removed it from the models. Unemployment had a sl ightly weaker relationship with EBTs 

than the trend so was chosen to be the omitted variable of the highly correlated pair. So, 

while an economic indicator is not represented explicitly in their models, it is represented 

impl icitly by the presence of the trend. The M & L models still conta in more components than 

competing a lternatives, subsequently developed, that have been claimed by Guria et al 

( 1999, 2003, and 2004) as more accurate representations of the effectiveness of the 

campaign. Each of these competing models wil l be discussed in  more detai l in following 

sections. The point to note, however, is that model specification arguments are often 

intractable; each model's com position consists of a researcher's perspective of a certain 

situation.  This said, the criticisms against the specification of the M & L models would appear 

to be less than compel l ing. 

2.4.2.3 Problems with Autocorrelation 

Autocorrelation can be caused by the perSistence from one period to the next of unobserved 

and unmeasurable factors that influence the dependent variable. Therefore, there might be a 

positive correlation between error terms in consequent periods - that is corr ( 5t , 5t+1 ) > 0 

(Lattin, Carrol l, & Green, 2003).  Autocorrelation can lead to an  overestimation ( positive 

autocorrelation) or underestimation ( negative autocorrelation) of the preciSion of estimates 

which in turn may affect conclusions about statistica l significance of those estimates. 

Tay ( 1999) contended that the data used in M & L was l ikely to suffer from autocorrelation 

and that, as a result, first-order autoregressive modeling would be more appropriate. Other 

than simply plotting the residuals of the regression against time, autocorrelation may be 
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detected by calculating the Durbin-Watson statistic. Although this is not an exact statistical 

test, there are tables that provide bounds to determine whether the evidence is conclusive or 

not (Lattin et a l . ,  2003).  Despite developing a series of auto-regressive models using the M & 

L data, Tay ( 1999) found that the Durbin-Watson tests for each model were in the 

inconclusive range and that there was no conclusive evidence that autocorrelation was a 

problem. The models created by Tay (1999) wil l  be discussed in greater detail in section 3.4 

beginning on page 76. 

2.4.3 Conclusions and Implications of the M & L Models 

M & L undertook the first quantitative evaluation of the New Zealand SRSP advertising 

campaign and chose to closely repl icate the model specification and estimation procedures 

util ised by the high ly lauded cameron et a l  ( 1993).  In  an  attempt to isolate the specific 

effects of the road safety advertising on driver behaviour M & L chose to use EBTs as their 

measure of effectiveness. After developing a series of models that took into account the 

various types of SRSP advertisements, M & L concluded that there was l ittle to no evidence to 

support the previous LTSA claims that the campaign had been effective in altering driver 

behaviour. 

Subsequently, a number of researchers have argued that the use of EBTs was inappropriate 

for eva luating the campaign's effectiveness while at the same time promoting their own 

model of the advertising . However, many of these criticisms appear to be unfounded given 

the specification of the M & L models. 

2.5 Cameron and Vulcan ( 1998). 

2.5.1 The First Two Years of the SRSP 

In 1998, the LTSA commissioned another eva luation of the SRSP by Cameron and Vulcan that 

involved the development of an econometric estimation of the campaign's effectiveness (Bl iss 

et a l . ,  1998). This study has been put forward as being superior to the M & L model and so 

the focus of this review will now shift to this a lternative perspective of the SRSP and its 

components. 

Cameron and Vu lcan were commissioned by the LTSA, in their role as independent 

researchers, to eva luate the overa l l  effectiveness of the SRSP. The evaluation conSisted of a 

series of regression models but the review here wil l  focus on the two main models that form 
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the basis of Cameron and Vulcan's key claims. 

All the variables were measured at quarterly interva ls over the period from the first quarter of 

1990 to the second q uarter of 1997, giving 30 quarterly values for each variable in the 

analysis. No explanation was provided for why the variables were measured at the quarterly 

level as opposed to the monthly level - al l  the information was readily avai lable at the lower 

level and it would have noticeably increased the statistical power of the analysis as the 

observations would have increased to 120. No attempt was made to separate and estimate 

the effects of the ind ividual components of the campaign  other than separating the 

introduction of the CBT program introduced in 1993 and spl itting the SRSP program into two 

variables (years), 1995/1996 and 1996/1997. By using a separate dummy variable for each 

year of the SRSP, Cameron and Vulcan were clearly anticipating that the effectiveness of the 

campaign was l ikely to change from year-to-year. 

As with Cameron et al (1993) and the M & L study, al l variables were subjected to a double­

log transformation to the base 'e'. The variables were: 

• Dependent variable 

o Serious Crashes 

• Independent variables 

o Seasonal  factors (dummy variables at the quarterly level, Q2, Q3, and Q4) 

o Compulsory breath tests (CBTs) - represented by a dummy variable 

o SRSP 95/96 - represented by a dummy variable 

o SRSP 96/97 - represented by a dummy variable 

o New car registrations 

o Unemployment rate 

Two models were developed, the only d istinction between them being the identity of the 

economic indicator. New car registrations were used in one model while the rate of 

unemployment was used in the second model .  Somewhat surprisingly, neither of Cameron 

and Vulcan's models contained a trend independent variable. The decision to not include a 

measure of the trend wil l  be d iscussed in the next section . 

The results from the a na lysis are presented below with the exception of the estimates for the 

three seasonal dummy variables which were not considered by cameron and Vulcan to be 

relevant to the concluSions. 
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Table 1. Cameron and Vulcan's Model using New Cars as the Economic Indicator 

Independent 
B SE t P variable 

eBT -0. 196 0.026 -7.534 .000 
SRSP 95/96 -0. 100 0.041 -2.438 .023 
SRSP 96/97 -0.270 0.043 -6.255 .000 
New ears 0.290 0.061 4.768 .000 

From Table 1 it can be seen that all four of the variables are statistically significant at the 

0 .05 level. The R-Square val ue for this model was 88%. From these results Cameron and 

Vulcan concluded the SRSP was responsible for a 9 .5% reduction in serious casualty crashes 

in 1995/96 and a 23% reduction in 1996/97. 

Table 2. Cameron and Vulcan's Model using Unemployment as the Economic 
Indicator 

Independent 
B SE t P variable 

eBT -0.227 0.037 -6.2 10 .000 
SRSP 95/96 -0.084 0.055 - 1 . 542 . 137 
SRSP 96/97 -0.221 0.052 -4.245 .000 
Unemployment -0.278 0 . 110 -2.517 .020 

From Table 2 it can be seen that the SRSP failed to make a significant contribution in 1995/96 

(at the 0 .05 level). The R-square for this model was sl ightly less than the first model at 8 1%. 

From these results Cameron and Vulcan concluded that the SRSP was responsible for a 8 . 2% 

reduction in 1995/96, despite the estimate's inSign ificance, and a 20 . 1 %  reduction i n  

1996/97. Overal l ,  Cameron a nd Vulcan ( 1998, p.30) concluded that 'The results are 

consistent with a road safety initiative which is needed to develop during its first year and 

apparently became more effective during its second year". It was estimated that the first two 

years of the SRSP saved 109 l ives and 1029 serious injuries. Subsequently, Graham ( 1998) 

estimated that the total savings amounted to a social benefit of at least NZ$61 1  mil l ion; a 

benefit-cost ratio of more tha n 28: 1 .  

2.5.2 Criticisms of Cam er on and Vu/can (199B) 

The main criticism leveled at Cameron and Vulcan's ( 1998) eval uation of the SRSP is the 

noted absence of a trend variable in the models (Tay, 2001; White et a l . ,  2000a) .  Their main 

a rgument for omitting a trend variable would appear to be (p .19) : 

"During the initial modeling, the trend function appeared to display a strong negative 
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exponent. The analysis revealed that the negative trend apparent in the data may 

have been an artifact of reductions in road trauma levels due to the introduction of 

CBT and to the effects of the SRSP". 

Cameron and Vulcan appear to be claiming that there were no significant incremental 

improvements in road safety from mid-1990 to mid- 1997. Instead, they suggest that the 

effects of the introduction of the CBTs and the effects of the first two years of the SRSP a re 

the only factors over that period that have improved road safety in New Zealand. A simple 

examination of Figure 1 (see Page 15) would suggest otherwise and Beenstock and Gafni 

(2000) found gradual improvements in road safety in most developing countries regardless of 

safety initiatives. It would appear that factors such as road and vehicle improvements, and 

possibly gradual improvements in driver behaviour were operating to enhance road safety in 

New Zealand during the 1990s. Fata lities fel l  sharply during 1990, 1991,  and 1992, prior to 

the introduction of CBTs. One would then reasonably expect that the factors influencing 

these reductions would be operating independent of the CBT and SRSP programs. The 

inclusion of a trend variable would be critical in any evaluation model to account for the effect 

of such gradual improvements in road safety in New Zealand over that period. 

This viewpoint is supported by Tay (2001, p .32) who claimed that: 

"If the model is fully specified, then there is no reason to include the trend variable. 

However, most applied researchers do not have the lUXUry of knowing, and having  

data on, a l l  possible contributing factors that may affect the number of  crashes". 

Another argument put forward by Cameron and Vu lcan (1998) for the omission of a trend 

variable is that the effect of the underlying trend was expected to be positive due to growth 

in road use. They claim that the resulting negative estimate for the trend indicates that 

incremental improvements in the road system are just offset by general increases in road 

use. This assertion implies that there a re two equal and opposing forces at play in the 

underlying road safety of New Zea land roads that have effectively cancelled one another out. 

Gradual improvements in the road system were tending to decrease casua lty numbers while 

the gradually improving economy was increasing road casualties - just s l ightly more 50. 

White et al (2000a) argues that while this wou ld be a good case for excluding both the 

economic ind icator and the trend, it does not justify the exclusion of j ust the trend. 

Furthermore, White et a l  (2000a) argue that the data for the trend and economic indicators 

have very different shapes and there is little possibil ity that they would cancel one another 

out as proposed by Cameron and Vulcan .  
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Somewhat confusing ly, Guria et al (2004), in defense of Cameron and Vulcan ( 1998), a rgue 

that the omission of a trend variable was appropriate and incorrectly suggest that the 

inclusion of a trend would have required the exclusion of the CBT and SRSP variables. Guria 

et al (2004) then go on to describe the development of a series of new models to eval uate 

the SRSP that expl icitly include a trend variable. Whi le the Guria et al (2004) models wi l l  be 

addressed in more deta i l  in a fol lowing section, their own use of a trend variable to reanalyse 

the very same situation as Cameron and Vulcan, seriously undermines their defense of the 

earlier independent eva luation. 

2.5.3. Conclusions and Implications of Cameron and Vulcan's Models 

Cameron and Vu lcan undertook the second quantitative evaluation of the New Zealand SRSP 

campaign. Cameron a nd Vulcan uti lised quarterly level data based on serious crashes a nd 

separate models using either unemployment or new car registrations as the economic 

ind icator to evaluate the first two years of the SRSP. From their analysis, Cameron a nd 

Vulcan concluded that the campaign was growing in effectiveness and indications where,  

fol lowing similar findings in  Victoria, that this improvement would continue in subsequent 

years. Whi le it is common practice to account for trending effects in road safety models by 

including a trend term (Hakim et ai, 1991), Cameron and Vulcan argued that it was not 

required in their models. Conversely, re-analysis carried out by White et ai, strongly suggests 

that Cameron and Vulcan's estimates and conclusions were highly sensitive to the decision to 

exclude a trend variable from the analysis. 

The review will now examine the re-analysis of the SRSP campaign and the models developed 

by Cameron and Vu lcan that was carried out by White et al (2000a) .  

2.6 White, Walker, Glonek, & Burn's (2000a) Re-Evaluation of the SRSP 

2.6.1 The Inclusion of the Trend Variable 

White et a l  (2000a) were the first people to question the omission of a trend variable in  

Cameron and Vulcan's (1998) evaluation of the SRSP. Following a reanalysis of the data, 

White et al concluded that by not including a trend term, Cameron and Vu lcan ( 1998) have 

failed to take account of the underlying g radual improvements in road safety over the period 

of the study. Furthermore, White et al claimed that the estimates, models, and the 

subsequent claims were highly sensitive to the inclusion or exclusion of the trend variable. 

They i l lustrated that when the trend is i ncluded in the Cameron and Vulcan models, neither 
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the CBT program nor the SRSP campaign make any significant contribution to the reduction 

in the number of New Zealand serious crashes. 

White et ai's re-eva luation began with the apparent contradiction in Cameron and Vulcan's 

assumption that the trend was not necessary. The first three years of the study period ( 1990 

to 1993) contained a sharp fa l l  in serious crash numbers in New Zealand and these reductions 

pOinted to the presence of underlying incremental improvements in  road safety. White et a l  

then suggested that one argument for the downward trend over the first three years was that 

the pattern was the result of economic conditions. To test this pOSSibil ity, White et a l  

accounted for the effects of the economic indicators on casualty numbers and then plotted 

the residuals for each surrogate of the economy. The plot indicated strongly that road crash 

casualties were fal l ing in the early 1990s even after accounting for the effects of the 

economic factors. It would seem that there was a genuine improvement in road safety at the 

time, and that the inclusion of a trend variable was the best way to account for these factors. 

White et a l  then re-ran the Cameron and Vu lcan models with the one change - the inclusion 

of a trend term . The results are presented in the tables below. 

Table 3. White et ai's Re-Evaluation of the SRSP with New Cars and the Trend 

Independent B SE t P variable 
CBT -0.042 0.038 -1 . 102 . 283 
SRSP 95/96 0.017 0.039 0 .436 .667 
SRSP 96/97 -0.093 0 .049 -1 . 874 .075 
New Cars 0.205 0 .048 4.306 .000 
Trend -0.014 0.003 -4.618 .000 

Table 3 above shows that the CBT and SRSP variables fai l  to make a sign ificant contribution 

(at the 0 .05 level) to the reduction in casualty numbers with the trend included. However, 

the trend and new cars both make highly significant contributions. The proportion of 

variation in casua lties has also increased to 91% compared to the 88% in Cameron a nd 

Vulcan's equivalent model. 

The same conclusions can be made of the re-eval uation of the Cameron and Vulcan model 

using Unemployment as the economic indicator (see Table 4). Again the trend is high ly 

Significant, as is the economic indicator, and l ikewise the CBT and SRSP variables are clearly 

non-significant at the 0 .05 level. 
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Table 4. White's Re-Evaluation of the SRSP with Unemployment and the Trend 

Independent 
B SE t P variable 

eBT -0.029 0 .047 -0.618 .543 
SRSP 95/96 0.048 0.046 1 .046 .307 
SRSP 96/97 - .0.025 0.053 -0.471 .643 
Unemployment -0. 198 0.077 -2.551 .019 
Trend -0.017  0.003 -5.049 .000 

White et al checked the separate effects of the campaign variables (CBT, SRSP 95/96 and 

SRSP 96/97) by runn ing the variables individual ly in the models while retaining the economic 

ind icator and trend variables. One out of six models indicated a sign ificant positive effect, 

(SRSP 96/97 using new cars and the trend) so the overa l l  conclusion would sti l l  be that the 

campaigns made no difference to casualty numbers. 

Cameron and Vulcan ( 1998) claimed that the exclusion of the trend variable did not lead to 

any substantial deterioration in the levels of the total amount of variance explained by the 

models. White et al argues that what they failed to make clear was that the exclusion of the 

trend variable radica l ly changed the pattern of the resu lts. White et a l  explains the 

predicament of the trend issue in the Cameron and Vulcan model : 

"It would seem that the decision to exclude the trend variable from the New Zea land ana lyses 

while including it in the Victorian analyses, involved some subtlety of judgment. The 

consequences of those decisions were such that the estimated contributions of the 

countermeasure variables were much greater than if the opposite pattern of decisions had 

been made" (p.55).  

2.6.2 Criticisms of White et al's (2000a) Re-Evaluation of the SRSP 

Guria et a l  (2004), in their article describing another series of models to evaluate the SRSP, 

acknowledged the concerns White et al raised about Cameron and Vulcan's decision to not 

include a trend variable. However, they then incorrectly suggested that White had claimed 

that the inclusion of the trend would exclude any variables relating to the CBT or SRSP 

campaigns. Guria et al argued that such an approach would lead to biased resu lts. It is 

difficult to see how they came to this conclusion as the models and subsequent estimates 

from White et al clearly include variables representing the road safety in itiatives (for example 

see Table 3 and Table 4). 
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2.6.3. Conclusions and Implications of White et al's (2000a) Models 

As part of a wider review of research undertaken by MUARC, White et al re-analysed 

cameron and Vulcan's ( 1998) evaluation of the New Zealand SRSP campaign.  White et a l  

argued against cameron and Vulcan's rationale for not using a trend term i n  their evaluation 

models and tested the proposition that the estimates and resu lting conclusions would be 

sensitive to its exclusion. Using the same model specification as cameron and Vulcan with 

the addition of a trend term, White et al confirmed the sensitivity of the model estimates, 

particularly the variables representing the SRSP campaign . In White et a i's models, the new 

trend variable is sign ificantly contributing to lower numbers of serious crashes and the SRSP 

estimates for the first two years of the campaign are non-significant. White et al concluded 

from their re-analysis that reductions in serious crashes in New Zea land were largely 

attributable to factors trending upwards over time. Criticisms raised against White et a i's new 

models of the SRSP are not consistent with the actual model specifications and therefore do 

not challenge their findings. 

In Guria et a l  (2004) a study by Tay (2001)  is put forward as an example of a more thorough 

analysis of the SRSP and its components. While Tay (2001) does go on to offer an 

alternative model for the evaluation of the SRSP, this is only considered after a careful 

comparison of the models developed by Cameron and Vulcan ( 1998) and White (2000) .  It is 

in this thorough reconsideration of the two models, that Tay claims that the inclusion of a 

Trend variable was appropriate. It is difficult to follow why Guria et al would then claim that 

Tay (2001)  provides further evidence of the val id ity of Cameron and VUlcan's model that 

excludes a trend. Tay (2001) will be discussed in detai l  in Section 2.8; however Tay ( 1999) 

conducted a much earlier eva luation of the M & L data and a review of this study will be the 

focus of the next section. 

2.7 Tay's (1999) Evaluation of the SRSP Ca mpaign 

2.7.1 The Tay (1999) Approach 

Tay re-ana lysed the data from Macpherson and Lewis ( 1998) with another estimation 

technique and different model specifications and came to the opposing conclusion that the 

SRSP advertising campaign had contributed Significantly to a reduction in drink-d rive 

behaviour. 

The first point of difference of the M & L models and the Tay (1999) models is that seasonal 
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dummy variables that were shown to be statistical ly non-significant were removed by Tay. 

Tay argues that there is no point to including a l l  the seasonal variables but the reasoning for 

this is not provided. As the month of December features as a notable peak in the monthly 

EST data, Tay chose it as the sole seasonal component in  the ana lysis. Therefore, the initial 

models in Tay ( 1999) consisted of the fol lowing variables: 

• Dependent variable 

o Positive evidential breath tests (ESTs) 

• Independent variables 

o Trend 

o December dummy variable 

o Number of compulsory breath tests (CSTs) 

o All-theme Adstock 

Tay refers to a previous study (Zlatoper, 1987) that fou nd that the double-log models 

provided the poorest fit among several common functional forms. To test this proposition 

Tay ran the basic model above using four functional forms: double-log, l inear-log, l inear, and 

log-linear. 

The Double-Log (or Log-Log) model : 
log(EBT( ) = fJo + fJJ DECt + ,82 Trend t + fJ31og(CBT) ( + ,841og(Adstock)t 

Equation 1 

The Linear-Log model :  
EBT( = ,80 + ,8J DEC ( + ,82 Trend t + ,8)og(CBT) t + ,84 1og(Adstock) t 

The Log-Linear model : 
log(EBT( ) = ,80 + fJJ DEC ( + fJ2 Trend ( + ,83 CBTt + fJ4Adstock ( 

The Linear model : 
EBT( = ,80 + fJJ DEC ( + ,82 Trend t + ,83CBTt + fJ4Adstockt 

Equation 2 

Equation 3 

Equation 4 

Source: (Tay, 1999) 

Using the four functional forms, Tay found that the double-log function did indeed produce 

the poorest fit, a long with the l inear-log function (Adj . R2 = .33 a nd .37 respectively) with the 

l inear and log-linear providing the best fit to the EST data (Adj . R2 = .46 a nd .48 

respectively). Unfortunately, no standard errors were p rovided by Tay so no conclusions can 

be made about the significance of the differences between the measures of fit. 
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Of the four independent variables i ncluded in the models, the Adstock and the December 

dummy variable were statistica l ly significant at the 0.05 level across all the models. From 

these results Tay concluded that the advertising campaign had been a success in reducing 

the incidences of drink-drive behaviour and that there were clearly more incidences of drink­

drive behaviour in the month of December because of the Christmas and holiday period . The 

non-significant contribution from CBTs was dismissed by Tay as a fai lure of the variable to 

truly represent enforcement rather than a reflection of the actual relationship between 

enforcement and drink-driving. 

Tay calculated Durbin-Watson statistics for each of the basic models as he suspected 

autocorrelation may be a problem. However, only the l inear model indicated a sign ificant 

issue with autocorrelation, with the other three models being in the inconclusive range. 

Despite this, all the models were reformulated as first-order autoregressive models estimated 

using a General ised Least Squares (GLS) procedure. The results from the first-order 

autoregressive models mirrored the basic model estimates in terms of statistical sign ificance 

and fit. Tay concluded from these findings that the effect of the advertising campaign is not 

only significant, but consistent across the different functional forms and estimation 

procedures he used in his models. 

One final change was made to the models at this point of the study. New variables were 

constructed to represent the introduction of the SRSP (DSRSP - a dummy variable indicating 

from the third quarter of 1995 onwards) and a variable to represent the interaction between 

DSRSP and Adstock (Sadstock). Sadstock was created to measure any structural change in 

the relationship between drink-driving behaviour and the advertising after the launch of the 

SRSP. Tay ( 1999) expla ins that a statistical ly significant and negative estimate for Sadstock, 

regard less of the estimate of DSRSP, would indicate that the fear-based SRSP advertising 

campaign has a larger impact in reducing drink-drive behaviour than the drink-drive 

advertising in genera l .  A non-sign ificant estimate for Sadstock and a Sign ificant and negative 

estimate for DSRSP would indicate the SRSP is effective in reducing the number of EBTs 

without changing the relationship between advertising and drink-drive behaviour. To 

summarise, the fina l  first-order autoregressive models (using the four functional forms again) 

consisted of the fol lowing independent variables: 

• Dependent variable 

o EBTs 

• Independent variables 

o DSRSP 
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o Sad stock 

o Trend 

o December dummy variable 

o Number of CBTs 

o Adstock 

The Sadstock estimate was found to be statistical ly sign ificant and negative, while December 

was the only other significant estimate. From these findings, Tay concluded that the SRSP 

had changed the structural relationship between advertising and drink-driving behaviour. 

Furthermore, Tay claimed that the SRSP advertising had a g reater impact in reducing drink­

driving behaviour than road safety advertising in general .  

2.7.2 Criticisms of Tay's (1999) Models 

Tay maintains that only one seasonal dummy variable representing December is necessary in 

the model to capture the effects of underlying seasonal factors on the number of EBTs. This 

would be a reasonable argument if the month of December was the only underlying seasonal 

feature in the EBT data (Macpherson, 2003). However, this claim does not take into account 

the number of CBTs conducted for the same period. EBTs a re largely a function of the 

number of CBTs. Figure 2 on the next page taken from Macpherson (2003) indicates that 

when the number of tests conducted is taken into account there is a series of regular peaks 

and troughs in the data - al l  of which may contain useful information about drink-drive 

behaviour. While the month of December is a regular month of high levels of EBTs, this is 

only because there are a high number of tests conducted at this time of the year. The month 

of December is actual ly a period of lower levels of drink-driving as a proportion of the number 

of tests undertaken a nd the winter month of July is a more prominent indicator of higher 

levels of drink-driving .  Without further analysis it is  difficult to determine the whys and 

wherefores beh ind this seasonal pattern . However, it would be reasonable to assume that 

extra tests conducted in December carry with them a strong deterrent effect and that i n  the 

months of lower levels of testing, during the winter, the deterrent is either not as strong or 

neg ligible. There is enough evidence here to suggest that a l l  of the seasonal dummy 

variables should be considered for inclusion in the models or at least December and July. 

While the omission of variables from a model may be justified in terms of releasing degrees 

of freedom, their removal from a model is not justified if they represent important factors a nd 

where the model's estimates are sensitive to their inclusion or exclusion. 
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Figure 2. Monthly EBTs as a proportion of CBTs 

Macpherson (2003) also pOints out that with CBTs also included in Tay's ( 1999) models it is 

somewhat surprising that Tay's estimates for the month of December are positive. Figure 2 

above suggests they should be negative. Furthermore the plot above demonstrates, as 

claimed by Macpherson and Lewis ( 1998) that drink-drive behaviour increased fol lowing the 

introduction of the SRSP - further eroding the credibil ity of Tay's decision to only use the 

December seasonal variable. 

2.7.3. Conclusions and Implications of Tay's (1999) Models 

Tay (1999) consisted of a series of models that included : modifications to the Macpherson 

and Lewis ( 1998) models; the testing of the functional form; the extension of the initial model 

using autoregression; and a test for a structural  change in the relationship between the road 

safety advertising and driving behaviour. Tay found that by removing ten of the eleven 

seasonal dummy variables that the SRSP advertising had significantly contributed to a 

reduction in the number of EBTs. Tay also argued that the double-log functional form was 

the weakest fitting form among a set of four  common functional forms. Furthermore, Tay 

found the presence of autoregression in the data to be inconclusive. Finally, Tay claimed that 

the SRSP advertising had a greater impact in reducing drink-driving behaviour than road 

safety advertising in general. 

However, there are a number of criticisms of Tay's approach to the evaluation of the SRSP 
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advertising. The decision to exclude the complete set of seasonal variables has been 

chal lenged by Macpherson (2003). Consequently, it is a rgued that Tay's findings a re l ikely to 

be sensitive to the inclusion of the seasonal variables. Macpherson (2003) also demonstrated 

that the month of December is insufficient for representing the seasonal nature of EBTs. The 

absence of the majority of the seasonal variables appears to seriously undermine Tay's 

( 1999) claims. 

Tay ( 1999) does not represent Tay's only evaluation of the New Zealand SRSP and its 

components. Tay (2001) contained a review of the cameron and Vulcan ( 1998) versus White 

et al (2000a) debate surrounding the evaluation of the SRSP as a whole, and the 

development of another model largely based on the Cameron and Vulcan quarterly data . 

2.8 Tay's (2001) Re-Evaluation of the SRSP. 

2.8.1 Another Modeling Approach from Tay 

Tay's (2001)  study of the effectiveness of the SRSP begins with an assessment of the 

Cameron and Vulcan ( 1998) and White et al (2000a) models. After conducting a series of 

statistica l tests, Tay claimed that the inclusion of the trend was a significant improvement on 

the original Cameron a nd Vulcan model in terms of the fit of the model. However, Tay did 

not go as far as addressing the practical issues relating to the need for a trend in the models 

nor did he endorse the claims that arose from White et ai's (2000a) results. On the contrary, 

Tay offered yet another perspective to the modeling of the SRSP.  

Tay began by pointing to potential problems with autocorrelation in the data even though the 

results of the Durbin-Watson statistics he used to test for this issue were, once again, in the 

inconclusive region .  As with his earlier models, Tay approached the issue of autocorrelation 

by reformulating the model with first-order autoregression using a Genera l ised Least Squares 

(GLS) procedure. He did concede, however, that the modification may not be necessary a nd 

also ran a standard OLS model using the same specifications. Consistent with h is approach in 

his earlier study, Tay disposed of the seasonal dummy variables that had been non-sign ificant 

in the previous eva luations. However, the SRSP advertising (Advert) was now represented by 

a single ind icator variable for both years of the campaign .  In an attempt to uncover 

structural change in the underlying trend brought about the SRSP advertising, Tay created a 

new variable advert-trend, which represented the interaction between the advertising and the 

trend. To capture a nd structura l change in the trend a nd the introduction of CBTs, the 

interaction of CBT a nd the trend was a lso included in the model . Tay a lso concluded, 
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fol lowing a series of statistical tests based around improvement to the fit of the model, that 

new cars was superior to unemployment as an economic indicator. The variables (a l l  at 

quarterly level) used in Tay (2001) were : 

• Dependent variable 

o Serious Crashes 

• Independent variables 

o Qtr 3 

o New Cars 

o Trend 

o Compu lsory breath tests (CBTs) 

o CBT-Trend 

o Advert 

o Advert-Trend 

The results of both the OLS model and the autoregressive model are a lmost qualitatively and 

quantitatively the same. It would therefore appear that autocorrelation is not a problem as 

first suggested by Tay. 

Of the independent variables, eST and CST-Trend were the on ly non-significant estimates. 

The coefficient for the Advert-Trend variable was negative in direction and statistically 

significant. Tay claims this result indicates that the implementation of the SRSP advertising 

significantly contributed to a reduction in serious crashes over a nd above the effect of 

previous road safety advertising . Tay argued that this was the appropriate interpretation 

despite the eBT variables being non-significant and the Advert coefficient being positive 

rather than negative. 

2.8.2 Criticisms of Tays (2001) Re-Evaluation of the SRSP 

Macpherson (2003) a rg ues that there are a number of concerns about the va lidity of Tay's 

(2001) models. Tay's decision to exclude non-significant predictor variables was not 

extended to the new moderator effect variables. Moreover, Tay's models are shown to be 

sensitive to the choice of economic indicator. Each of these criticisms wil l now be examined . 

Tay chose to exclude the dummy variables representing the second and fourth quarters on 

the basis that they were statistically non-sign ificant; however, Tay then chooses to retain the 

non-significant CBT a nd eBT-Trend variables. While this may appear to be a rather trivial 

matter, Macpherson ( 2003) found that the final model and its resulting conclusions a re 
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sensitive to the presence of these variables . Firstly, the moderator effect of CBT-Trend was 

tested by checking its significance if it is added to the model. The effect is clearly non­

significant and therefore should not be included in the model on this basis alone but there is 

also an  issue of its high col l inearity with the Advert-Trend variable. This may or may not be a 

problem with the estimation of the effects but as CBT-Trend is non-sign ificant the potential 

difficu lties are avoided . The CBT variable is non-significant with or without the inclUSion of 

the CBT-Trend variable, so it is a lso appropriate, using Tay's own standard, to remove this 

variable from the model .  A benefiCial side effect of removing the two non-significant 

variables is to release some degrees of freedom and slightly increase the statistical power of 

the models. The model was then re-estimated without CBT and CBT-Trend and the 

coefficients for both Advert and Advert-Trend were now only marg inal ly sign ificant (p = 0.09 

for both).  

Macpherson (2003) a lso found another inconsistency in Tay's advertising models. 

Unfortunately, Tay did not provide any information about the correlations between variables 

in the final model. Macpherson (2003) points out that a quick examination of the correlations 

revea ls that unemployment has a noticeably higher correlation with serious crashes than the 

new cars economic ind icator that was chosen by Tay ( r =  0.40 and -. 152 respectively). 

Furthermore, the relationship between unemployment and serious crashes is statistica lly 

significant (at the 0 .05 level), while the correlation for new cars is non-significant. Tay based 

the inclusion of new cars in the final model on its performance in Cameron and Vulcan's and 

White et a i's models. However, this same test of performance is not repeated with Tay's 

models. Unemployment provides the superior fit to serious crashes with Tay's models. 

Macpherson (2003) argues that using Tay's own standards again; unemployment should 

replace new cars in the final model. 

With unemployment as the economic ind icator, it is now necessary to repeat the tests of the 

moderator effects and the model as a whole. Macpherson (2003) claims that the test for the 

CBT, trend and CBT-Trend is unchanged with both the individual variables, and therefore the 

moderator effect, al l  being statistically non-significant (CBT p = 0 .31 ;  CBT-Trend p = 0.33). 

However, the estimates for the Advert and Advert-Trend variables are very sensitive to a 

change in the economic indicator. The two individual variables are no longer statistical ly 

significant (Advert p = 0.44; Advert-Trend p = 0 .59). It appears that Tay's claim about the 

effect of the SRSP advertising campaign was dependent on the choice of new cars rather 

than unemployment and moreover, the selection of the economic indicator was inappropriate 

by h is own claimed standards. 

Macpherson (2003) states that Tay's alternative model, using the measure of the economy 
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based on fit alone, confirms White et a i 's conclusions that the SRSP campaign has failed to 

significantly affect driver behaviour. 

2.8.3. Conclusions and Implications of Tay's (2001) Models 

Tay proposed a modification to the approach taken by Cameron and Vulcan ( 1998) and White 

et al (2000) that introduces two new variables. Tay claimed that his models provided support 

for Cameron & Vulcan's conclusion that the SRSP had Significantly reduced the incidence of 

serious crashes in New Zealand fol lowing its i ntroduction .  However, Macpherson (2003) has 

criticised some of modell ing decisions and argues that they a re also inconsistent with Tay's 

own standards for selection . It has been argued that when non-significant variables are 

removed from Tay's models, a practise util ised by Tay when choosing what seasonal effects 

to include in his models, the key advertising variables are no longer significant. Furthermore, 

Macpherson demonstrated that Tay's models used the economic indicator that provided the 

poorest fit to serious crashes. When the questionable variable was replaced with another 

alternative that was used in Cameron and Vu lcan ( 1998), the estimates for advertising were 

no longer sign ificant. 

The fina l  evaluation of the SRSP to be reviewed was carried out by LTSA researchers Guria 

and Leung (2004). This large study wil l now be examined and will be fol lowed by an overal l  

summary and conclusion for Chapter 2. 

2.9 Guria and Leung's (2004) SRSP Evaluation 

2.9.1 The Guria and Leung (2004) Modeling Approach 

Guria and Leung (2004) developed a series of models in an attempt to help clarify the debate 

surrounding the claimed success of the SRSP and to provide an estimate of the number of 

deaths saved by the campaign. Guria and Leung created a large series of models using a 

variety of dependent and independent variables, two estimation procedures, and three levels 

of data (a 10 year annual  series, a 29 year annual series, and a 10 year quarterly series). 

Data l imitations were acknowledged across a l l  the models developed and the intended aim of 

the study was to capture some consistency in the results rather than rely on the estimates 

arising from any one model. In total 32 models are reported by Guria and Leung that cover 

the two time periods, 10 years (annual and quarterly), 29 years (annual on ly). 

Dependent variables used in this study were: fatal crashes, and non-motorcycle fatal ities for 
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the annual models, and serious crashes and non-motorcycle serious crashes for the quarterly 

models. The distinction of non-motorcycle fatalities and serious i njuries was made to remove 

any potential confounding effects due to the decl ining use of motorcycles over the periods 

covered by the models. Problems with the reporting rate of serious crashes that may lead to 

measurement error was raised as the reason they were not used for the annual models and 

the relatively smal l  number of fatal ities was the reasoning provided for not using these in the 

quarterly models. All the dependent variables were normalized by the traffic volume index 

(TV!) to take into account the growing traffic volume and possible changes in risk associated 

with these differences. 

A number of independent variables were used in the study but they varied between the 

annual and quarterly models. 

• Trend and seasonal effects (quarterly model only for seasonal effects) 

• Unemployment rate 

• New car registrations 

• Dummy variable to ind icate the 1970 oil crisis (annual models only) 

• Dummy variable to indicate changes in speed l imits for 1973 to 1985, and 1985 

onwards (annual models only) 

• Number of new vehicles registered (only used in  the 29 year annual  model) 

• Estimated strategic pol ice hours and advertising expenditure 

• Dummy variable to indicate CST and speed camera programmes 

• Advertising and enforcement interaction terms 

A large proportion of the data used to represent the advertising and enforcement ( including 

their subsequent interactions) in the 29 year models were estimated, as this information was 

not col lected prior to 1990. 

Guria and Leung cla imed that many of the independent variables were problematic in terms 

of high levels of correlation. They claimed that if multicol linearity was a problem, using OLS 

to estimate the effects would lead to inflated estimated standard errors and difficu lty in 

relying on Sign ificance testing. To overcome this di lemma, Principle Component Analysis 

( PCA) was used to create independent versions of the variables and then transformed 

estimates of the coefficients were calculated a long with corresponding standard errors and 

sign ificance test results. PCA models were run a long side standard OLS models to check for 

consistency between the estimated coefficients and the OLS derived coefficients. 
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2.9.2 The Guria and Leung (2004) Results 

With such a large number of models and configurations, even within models based on the 

same level of data, it is difficult to summarise the results without completely reproducing the 

many tables from the study. To simplify matters here, models from each level of data wil l be 

discussed, in turn, with possible limitations. Then, the overal l  nature of the findings across 

the models and criticisms will be discussed. 

2.9.2. 1 The 29 Year Annual Models 

The 29 year annua l  models consisted of estimates for the fol lowing variables : 

• Trend 

• Unemployment Rate 

• (OIL) Dummy variable for the 1973 Oil crisis 

• (D1973) Dummy variable for 1973 speed limit change 

• (D1985) Dummy variable for 1985 speed limit change 

• New car registrations 

• Compulsory breath tests (CBTs) 

• (SHindex) Enforcement 

• (ADindex) Advertising 

• (SHindex * ADindex) Enforcement and advertising interaction 

• (SRSP * SHindex) SRSP and enforcement interaction 

• (SRSP * ADindex) SRSP and advertising interaction 

The OIL variable was statistica lly non-significant across Fata lities, Non-motorcycle fatal ities 

and fatal crashes so models were run with and without OIL. Otherwise al l  variables were 

sign ificant when derived from the PCA analysis while very few were significant when using 

OlS. Guria and leung claim that this would be due to the problems of multicol l inearity 

among the independent variables. Unfortunately, no measures are provided about the 

correlations among the independent variables. 

The D1985 estimates are negative when an increase in the speed l imit wou ld be expected to 

result in an increase in fatalities. Guria and leung claim that the negative val ue for the 

D1985 estimates estimate are due to the increased vigi lance of the Pol ice when the l imit was 

increased. However, they fail to provide any evidence to support this claim or any reasoning 

why this effect is not simply accounted for by the enforcement variable SHindex. 
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Both unemployment and new cars a re negative and sign ificant in the PCA models but non­

significant in the OLS models. Both of these variables are effectively measuring the same 

concept, the economy, and it is rather unusual to find them together in the same model for 

this reason a lone. As a result, it is very l ikely that they are highly correlated with one another 

and therefore it is no surprise that they are non-sign ificant in the OLS models. Furthermore, 

Guria a nd Leung do not explain why an economic indicator is required in the model when the 

dependent variables are normalized by the traffic volume index (TV!). The TV! would be 

expected to be h igh ly correlated to the economy however without access to the analysis data 

this can not be verified . Inclusion in the model of any economic indicators would lead to an 

upward bias of their impact on the dependent variable. Therefore, the decision to include 

both the TV!, through normalization of the dependent variables and not one but two 

measures of the economy, raises questions about the val idity of the model's estimates. 

Furthermore, Guria and Leung claim that the unexpected negative estimate for new cars 

points to the greater safety of increased imported cars. However, the 29 year period ( 1971 

to 2000) covered by Guria and Leung's models stretches beyond the period import 

restrictions were relaxed in New Zealand in 1989. To apply this one micro-event to the 

overa l l  measure of new car registrations is inappropriate and would be better represented by 

the inclusion of a specific indicator variable. 

All the intervention coefficients in the PCA models are negative and significant which is what 

would be expected if the interventions were effective in reducing road fatal ities. However, 

this is not the case with the OLS estimates and, again, Guria and Leung claim that this is 

simply due to multicol l inearity. From the PCA regression results Guria and Leung claim that 

the advertising and enforcement have significantly reduced road trauma. Furthermore, 

because the interactions between the SRSP and the advertising and enforcement a re 

sign ificant, the change in these interventions by the SRSP has resulted in g reater benefits 

than were achieved beforehand. Finally, the interaction between the advertising and 

enforcement ind icates that there is a complementary effect over and above their individual 

impact on road trauma. 

However, there is a question mark over how far the results can be genera lised from these 

models. With only 29 data points for each variable and 12 independent variables, the models 

easily exceed the recommended ratio of five observations for each independent variable with 

a ratio of 2.4 : 1 and is l ikely to result in the over fitting of the variate to the sample (Hair et 

a l . ,  1998) .  It is difficu lt to extend the results further without validation aga inst another time 

series. On the other hand, this problem may be reduced by collaborating results from the 

other models. 
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2.9.2.2 The 10 Year Annual Models 

Clearly, a model with on ly 10 data points is of limited application but Guria and Leung 

repeatedly claim that while there are problems with the individual models, consistent results 

across the models wil l overcome any shortfal ls with the individual models. Despite these 

claims, the number of i ndependent variables almost exceeds the number of data pOints at 

nine to ten or a ratio of 1 . 1 : 1  and clearly the variate is again being over fitted to the sample 

making the resu lts potentially too specific to the sample. 

The 10 year annual models used the following independent variables : 

• Trend 

• Unemployment Rate 

• Compulsory breath tests (CBTs) 

• (SHindex) Enforcement 

• (ADindex) Advertising 

• (SHindex * ADindex) Enforcement and advertising interaction 

• (SRSP * SHindex) SRSP and enforcement interaction 

• (SRSP * ADindex) SRSP and advertising interaction 

The trend was significant in a l l  the 10  year annua l  models suggesting that variables not 

included in the model have been contributing to a downward trend on road fata l ities and 

crashes . However, unemployment was non-significant except for the model using fatal 

crashes. Furthermore, in this model, half the intervention variables had signs opposite to 

what was expected by Guria and Leung. When unemployment was removed, the affected 

variable's sign reversed and increased in magnitude. On the other hand, when the previously 

non-significant intervention variables were removed a nd unemployment retained, 

unemployment continued to be sign ificant and the other intervention variables became 

positive. Guria and Leung suggest that there is a possibi l ity that unemployment captured the 

effects of the other variables it is high ly correlated with and therefore should not be included . 

Without access to the data set it is difficult to say whether this action is based on 

convenience or good theory. As alluded to before in the discussion of the 29 year models, 

one would expect that estimates for economic indicators, such as unemployment, wou ld be 

upwardly biased as a result of the normalization of the dependent variables by the 1VI. 

Unfortunately, further analysis is required before the va lidity of Guria and Leung's actions and 

subsequent claims can be more fully assessed. 

With unemployment removed from the models, the estimates for the intervention variables 
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are consistent in direction and significance for the PCA regressions. Once again, the OLS 

resu lts vary in terms of direction, magnitude and significance. Nonetheless, the interplay 

between the smal l  sample size and the ratio of the number of independent variables, relative 

to the sample size, may be playing a part in the fai lure to obtain significant estimates using 

standard OLS regression . 

2.9.2.3 The 10 Year Quarterly Models 

The 10 year Quarterly models contained estimates for the fol lowing variables : 

• Dummy variable for 4th Quarter (54) 
• Trend 

• Unemployment Rate 

• Compulsory breath tests (CBTs) 

• Dummy variable for both the CBT and Speed programmes (CBTSPD) 

• Enforcement (SHindex) 

• Advertising (ADindex) 

• Enforcement and advertising interaction (SHindex * ADindex) 

• SRSP and enforcement interaction (SRSP * SHindex) 

• SRSP and advertising interaction (SRSP * ADindex) 

The seasonal dummy variable for the 4th quarter was significant and positive across a l l  the 

PCA and OLS regressions, indicating h igher levels of risk than other quarters. However, no 

estimates were provided for the other quarters. The trend was again significant and negative 

across a l l  the PCA and OLS regression models which are consistent with the previous models. 

Once again, the estimates for enforcement and advertising are significant in the PCA 

regressions but inconsistent and varied in the OLS regression models. In contrast, the 

interaction term for the SRSP and enforcement is positive and significant rather than 

negative. Guria and Leung claim that this could be due to poor data qual ity as they assumed 

the SHindex and ADindex were the same across al l  quarters when they were not in rea lity. 

One can only assume that the claim of poor data quality was not extended to the other 

estimates for advertising and enforcement because the estimates were consistent with 

previous results and claims. 

Therefore, it would appear that Guria and Leung are stating the quarterly estimates merely 

played a confirmatory role to the smaller and possibly i nferior 10 year annual and 29 year 

annual model estimates. The sample size relative to the number of i ndependent variables is 
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higher for the q uarterly models at 4: 1 than the other two model series so one would assume 

that the quarterly models wou ld play a leading role in the formation of conclusion as opposed 

to a supporting role. Guria a nd Leung did not provide any reasoning for this unusual 

viewpoint. Furthermore, if Guria and Leung were aware that the assumption of the quarterly 

advertising and enforcement was incorrect, why did they not simply re-estimate the quarterly 

numbers to better reflect the actual situation? They acknowledged the use of adstock to 

represent advertising in  their introduction, yet for some unknown reason chose to disregard 

the measure in favor of estimated expenditure. This decision would appear to undermine the 

val id ity of their models and their subsequent claims. 

There does not appear to be any obviously apparent reason why Guria a nd Leung did not 

chose to use monthly level data for their models. Using their model specifications, the data 

would be either obtainable or able to be constructed at the lower level but more importantly 

it would have possibly reduced the issue of multicol l inearity and the subsequent complexity in 

the use of PCA regression. Monthly level data would have provided g reater levels of 

variabil ity, reduced col l inearity and greater degrees of freedom. 

2.9.3 Conclusions and Implications of Guria and Leung's (2004) Models 

At the beginning of the study, Guria and Leung claim that because of data limitations, no 

single model would be able to provide sufficient confidence, but if the estimates were 

consistent across the models, confidence would be improved. The study contains constructed 

data for a l l  the key intervention variables and the qual ity of the assumptions underlying the 

development of the data has even been questioned by the authors themselves. They a lso 

claim that they were unable to derive the benefits for the advertising and enforcement 

components as the estimated savings were inconsistent across the models. Guria and Leung 

eventual ly concede that no conclusions can be drawn about the advertising or enforcement 

effects due to problems with multicoll inearity and the cla imed complementary effects of these 

two interventions. 

Despite these substantive l im itations, Guria and Leung (2004) still claim that the results 

across the models are (p .904) "mostly consistent" and that this somehow suggests "strong 

va l id ity". What's more, they then cla im that the SRSP contributed to an estimated saving of 

333 l ives and that the package has made a substantial impact on road safety. The 

conclusions of this study do not match at all well the underlying self-acknowledged 

reservations and l imitations of the study. Without further validation one cannot have 

confidence in Guria and Leung's (2004) claims. 
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2.10 Conclusions of Literature Review 

Each of the studies that have been reviewed here has attempted to capture the true effect of 

road safety advertising using a variety of model speCifications and e�timation techniques. 

Likewise, each researcher has presented a case for why their model or models is best suited 

for isolating and estimating the effectiveness of the campaign .  However, the studies have 

produced mixed results when it comes to deciding whether the advertising has resulted in a 

significant reduction in the road safety statistics. 

A major problem is that it is very difficult to compare the studies, as they not only differ on 

model speCification and estimation procedures but they have also used different sets of data 

and outcome variables. Table 5 on the next page contains a summary of the reviewed 

evaluations of road safety advertising. The table clearly demonstrates the wide variety in the 

models and approaches that have been util ised so far in the quest to estimate the 

effectiveness road safety advertising . While most studies have involved the use of multiple 

models, the key characteristics have been grouped into the one column to simplify 

comparison.  

From examining Table 5 it  is  evident that every eva luation of the road safety advertising 

included at least one model that used the combination of double-log OLS regression . 

Moreover, each study util ised CBTs as a measure of enforcement activity in at least one 

model .  However, this is as far as the similarity between studies goes, with a myriad of 

variable combinations and definitions used to represent, not only the advertiSing, but the 

road safety system that the campaigns operated with in .  Indeed, the focus of the debate of 

the relative merits of the eva luation models has largely centred on the many differences 

between the models in terms of the variables used to represent the road safety system and 

the procedures used to estimate it. 
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Table S. Summary of Advertising Evaluation Models 

Cameron 
et al 

M & L  
(1998) 

Cameron White et 
& Vulcan al (2000a) 

Yes No 

Tay 
(1999) 

Tay 
(2001) 

2. Variables listed are indicative of those used by Guria and Leung (2004). 

Rather than digress further into the existing stream of criticisms, claims and countercla ims, 

the current study wil l now simply repl icate these existing eva luations, where possible, using 

a single set of data and a series of road safety outcomes. The key assumption under/ying 

this approach is that if a measure of advertising effectiveness is to be considered robuse we 

would expect that it would produce estimates that will generalise across not only different 

forms of road safety advertising/ but also across different road safety outcomes. 

The a im of this thesis is to attempt to find some consistency between the approaches that 

have thus far been advanced to identify a robust measure of the effectiveness of the road 

safety advertising. The next chapter begins this process by replicating and extending the 

models put forward to date. 

Guria & 
Leung 
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CHAPTER 3. THE REPLICATION AND EXTENSION OF COMPETING MODELS 

OF ROAD SAFETY ADVERTISING 

3.1  Introduction 

The research objective of the thesis is to attempt to identify a robust measure of the 

effectiveness of road safety advertising. To achieve this end the existing models that have 

been used to evaluate the New Zealand SRSP advertising campaign will be replicated with the 

longer time series. The repl ications will also be extended to include a series of road safety 

outcomes in  addition to the measures used by the original a uthors. 

The aim of the analysis is to use the best estimation processes and approaches ava ilable and 

a wide variety of road safety statistics to identify a robust measure of road safety advertiSing 

effectiveness. A robust measure of road safety advertising effectiveness will be one that 

produces advertiSing estimates that generalise across road safety statistics and subtle 

changes in model specifications. Therefore, we would expect a robust measure to produce 

advertising estimates that are consistent in terms of direction and sign ificance. The 

robustness of a l l  the repl icated models will be examined at the conclusion of this chapter. 

Before the analysis and results a re discussed, the methodology and procedure will be outlined 

a long with a brief description of the road safety outcomes that will be used across all the 

repl ications. Independent variables, as specified by the orig ina l  models, a re described 

separately in Appendix 1 from page 150. 

3.2 Methodology 

3.2.1 Procedure 

The l iterature review described a series of attempts to eva luate the use of road safety 

advertiSing to affect driving behaviour. However, not al l  of the data is avai lable. Thus the 

repl ications are restricted to the following models, for which a l l  data were obta inable: 

• Macpherson & Lewis ( 1998) 

• Cameron and Vulcan ( 1998) and White et a l  (2000a) 

• Tay ( 1999) 

• Tay (2001)  
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The models used by Guria and Leung (2004) a re not repl icated here as the majority of the 

key advertising variables were either estimated using data not available to this author or used 

calculations that were not detailed in the publ ished material .  The inclusion of the trend 

variable marked the only difference between the Cameron and Vulcan ( 1998) and White et al 

(2000a) models. Therefore, the replication of these two studies has been combined here to 

simplify the discussion of the findings. 

Each of these prior studies is simply repl icated with the extended time series, October 1993 

to December 1998. This data that encompasses the first three years of the SRSP, this period 

was chosen because it precedes a series of events and initiatives that would have required 

the inclusion of new variables to the previous model speCifications. Further detai ls of the 

specific composition of the evaluation model wil l  be provided at the beginning of each set of 

replications .  

The outcome measure used was one of the d istinguishing factors between the studies and a 

common point of debate. The outcome measures used in Chapter 3 therefore a re: 

• Positive evidential breath tests (EBTs) 

• Drink-drive convictions 

• Serious crashes 

• Fatal ities 

• High a lcohol hour serious crashes 

A brief explanation of each of the outcomes as wel l  as a description of the specific 

characteristics of the data over the analysis period will be provided in the fol lowing section. 

The independent variables in Chapter 3 have been defined by the previous studies so a re not 

justified here. However, a discussion of the q uantitative independent variables used in the 

analyses for this chapter is conta ined in Appendix 1 on page 150. 

Please note that the complete output for the replication models is provided in Appendix 2 

beginning on page 159. 

3.2.2 Data Characteristics 

3.2.2. 1  Positive Evidential Breath Tests (ESTs) 

Positive evidential breath tests (EBTs) a re counted in the process of conducting compulsory 

and mobile breath tests. EBTs are tal l ied with in regions and are not the result of a direct 

documented reporting process. EBTs were utilised by Macpherson and Lewis ( 1996, 1998) in 
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their evaluation of the New Zea land SRSP drink-drive television advertising. In an  attempt to 

capture the effect of drink-drive advertising Macpherson and Lewis chose EBTs as a specific 

measure of drink-drive behaviour as opposed to using a broader overall outcome such as 

fatal ities or serious crashes. 

The EBT data (see Figure 3 below) appears to follow a fairly predictable pattern up to about 

October 1996 - the point where the original Macpherson and Lewis study concluded. At this 

stage there is a very noticeable increase in the number of EBTs; a level largely sustained 

through to the end of the series in December 1998. Positive EBTs for the year ending 

September 1996 actually decreased by 23%, but this was fol lowed by an 83% increase for 

the year ending October 1997, settl ing down to a meagre 2% for the year ending October 

1998. Such a noticeable increase may be indicative of a major policy change and this may 

prove to be problematic for the use of this outcome for modelling the effects of the road 

safety advertising. Macpherson and Lewis ( 1996, 1998) suggest that an increase in EBTs 

may be explained in  terms of: greater levels of enforcement, simple over-counting, gains i n  

efficiency of  testing procedures, or  higher levels of  drink-driving, or  some combination of 

these. 

4000 SRSP implemented > 

3500 

3000 Oct-96 

2500 

2000 

1 500 

1 000 

500 

0 

Figure 3. Positive Evidential Breath Test (EBTs) October 1993 to December1998 
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3.2.2.2 Drink-Drive Convictions 

Drink-drive conviction data was not avai lable to Macpherson and Lewis for their study as 

there is a substantial lag between committing an offence and the subsequent conviction in a 

court of law. Furthermore, not a l l  positive EBTs wil l  end up  being processed as a conviction 

due to problems with the administration and col lection of the EBT data .  In addition, a small 

number of EBTs are rejected on technical grounds in the legal process that fol lows the 

positive test. Drink-drive convictions are easily validated and are collected as part of the 

tracking and monitoring of offending by the Ministry of Justice in New Zea land . Therefore, 

convictions for driving with excess a lcohol are l ikely to be a more stringent measure of the 

level of drink-driving behaviour than EBTs for any g iven period. Drink-drive convictions are 

collated here from offences coded A10l through to A331 .  Conviction data is recorded for the 

date of the offence - not the date of the conviction which can occur up to six months after 

the offence. 

3000 
SRSP implemented > 

2500 

2000 

1 S00 

1000 

SOO 

Figure 4. Drink-drive Convictions - October 1993 to December 1998 

Across the time series there appears to be an upward trend (see Figure 4). The data also 

contains a noticeable pattern preceding the introduction of the television campaign with 

peaks of offending in December being followed by troughs in February. Following the 

introduction of the SRSP, January and February remain as the months with the lowest levels 

of drink-drive convictions but December is less evident as a period of greater levels of drink-
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drive behaviour. Annual spikes of drink-drive offending occurred in  August 1996, May 1997 

and May 1998. Such patterns are l ikely to be culmination of both driver behaviour and 

planned enforcement activity of Pol ice - possibly in antiCipation of changes in driver 

behaviour. 

Another point of i nterest in Figure 4 is the absence of a peak in drink-drive convictions that 

corresponds to the substantial peak in EBTs (Dec-96). As drink-drive convictions result from 

a clearly documented legal process, it is expected that they are l ikely to be a more robust 

measure of drink-drive behaviour than EBTs. 

3.2.2.3 Serious Casualty Crashes 

Another dependent variable that has been used in the model l ing of road safety initiatives is 

serious casualty crashes (Cameron et a l . ,  1993; Guria & Leung, 2004; Newstead, Cameron et 

a l . ,  1995a) .  A serious casualty crash is typical ly defined as if as a result of the accident a 

person requires hospital isation .  

Unl ike EBTs, data for serious crashes was available from January 1990 (see Figure 5) .  While 

the availabil ity of EBT data sets the analysis period for all the replications, the complete time 

series for serious crashes provides us with an overview of the long term patterns of this road 

safety statistic. It would appear from the graph that serious crash n umbers have been 

gradually trending down well before the introduction of the SRSP advertiSing campaign. 

400 
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50 
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Figure S.  Serious Crashes - January 1990 to December 1998 
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A closer inspection of the analysis period (see Figure 6 below) indicates a peak in  December 

1995, shortly after the start of the SRSP advertising campaign, fol lowed by a continuation of 

the gradual downward trend evident in the longer time series in Figure 5 .  There does not 

appear to be a pronounced seasonal pattern in serious crashes with peaks and troughs 

occurring at a number of different times of the year. 

300 SRSP implemented > 

250 

200 

150 

100 

50 

Figure 6 .  Serious Crashes - October 1993 to December 1998 

3.2.2.4 Fatalities 

The vast majority of studies undertaken in the general modelling of road accidents have used 

the number of accidents with fata lities or injuries, or the number of inj uries or fatal ities 

( Hakim et al . ,  1991) .  While fatalities present some statistical problems because they provide 

smaller numbers than injuries, their use is often pursued as there are fewer problems with 

the reporting criteria-completeness of data for fatalities compared to injuries. In addition, 

there has been a preference exhibited by pol icymakers, the media, and the general public for 

the analysis and reporting of fatalities (Newstead at ai, 1995) . This preference is hardly 

surprising in the context of road safety where the main focus of the majority of campaigns is 

first and foremost to reduce the incidence of fatalities. Moreover, fatalities are frequently 

used in media statements by Government officials and politicians a l ike as a measure of the 

effectiveness of road safety campaigns. 
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The gradual downward trend is sti l l  noticeable when fata lities are viewed at the monthly level 

(see Figure 8 above). Also visible is a reasonably consistent peak for the month of December 

- the annual Christmas holiday period . 

3.2.2.5 High Alcohol Hour Serious Crashes 

Serious crashes can be further broken down into those that occur in high-alcohol hours and 

those that occur in low a lcohol hours. The definition has been used previously to target 

periods when certain types of accidents are more l ikely to occur (Cameron et ai, 1993) . Low 

a lcohol hours are used to test the effects of a nti-speeding initiatives, whereas high alcohol 

hours are used to test the effects of anti-drink drive in itiatives. The time of day definitions 

tend to vary from country to country. For example, low a lcohol hours in Victoria have been 

defined as: 6am to 6pm Monday to Thursday; 6am to 4pm Friday, 8am to 2pm Saturday, and 

Sunday lOam to 4pm. These are periods when the percentage of drivers killed or admitted 

to hospital with a blood alcohol content exceeding 0.05%, was below 4 %. 

The high alcohol hours are the converse of these periods during which about 38% of driver 

serious casualties had blood a lcohol content exceeding 0 .05% (Diamantopoulou et al . ,  1998). 

However, the definition of high a lcohol hours in New Zealand is a much narrower period of 

time. Cameron and Vulcan ( 1996) define the New Zea land high a lcohol hours as lOpm to 

4am Monday to Thursday and lOpm to 6am Friday to Sunday. High a lcohol hour serious 

crashes has been used as an explanatory variable in a number of evaluations (Cameron et a l . ,  

1993; Cameron & Vulcan, 1998; Tay, 2003a). 

As with serious crashes, the number of high a lcohol hour crashes has been in g radual decline 

from the early 1990s (see Figure 9 on the next page). However, there is a suggestion that 

numbers were edging up again just prior to the introduction of the SRSP advertising with a 

peak evident around December 1995. Following this peak, numbers have continued their 

previous downward trend. 
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Other road safety outcomes are available for the period in question such as a lcohol-related 

crashes and derivatives of fatal ities such as a lcohol-related fatal ities. However, the analysis is 

only concerned with the measures util ised in the eva luations to be replicated. Further road 

safety outcomes a re examined in the ana lysis in Chapter 5. 

Brief descriptions of q uantitative independent variables, as specified by the original evaluation 

models, are provided in Appendix 1 from page 150 .  

3 .3  The Replication of  Macpherson and Lewis's (1998) Models 

3.3.1 Introduction 

The basic model used by Macpherson & Lewis ( 1998) took the functional form of: 

Where, for example: 

Yt = Positive Evidential Breath Tests (EBTs) 

Xl = Adstock representing advertising 

X2 = Compulsory breath tests (CBTs) 

X3 = Trend effects 

X4-15 = Seasona l effects 

f = double-log function 

Equation 5 

Two models were developed by Macpherson and Lewis, one model - Model (a) - using a l l  

road safety advertising (al l-theme) and one model - Model (b) - using drink-drive advertising 

specifical ly. The same approach will be taken here for each of the road safety outcomes. 

Both the dependent variable and the independent variables are transformed by the natural 

logarithm (to base e; where e = 2.7182818284). Typica l ly, road safety relationships a re 

assumed to be multipl icative (Hakim et ai, 1991) ;  however there is a mathematical problem 

with estimating such relationships with l inear regression. Linear regression assumes that 

there is an additive relationship between the predictor variables. The solution is to simply 

transform the multipl icative relationship to an additive relationship by taking the logs of both 

the dependent and independent variables prior to model l ing. 
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The time series used by Macpherson and Lewis covered the period October 1993 to 

September 1996 and used monthly level data, giving a total of 36 observations. The time 

series for the current study extends the period analysed through to December 1998 (63 

observations) so encompasses the first three years of the SRSP campaign.  

Standard OLS regression was used to estimate the first two models using EBTs as the 

outcome; one using the a l l-theme version of Adstock - Models l(a) - and one using drink­

drive adstock - Model l(b). Each model is then repeated using the four remaining road 

safety outcomes in the fol lowing order: drink-drive convictions, serious crashes, fatalities, a nd 

high a lcohol hour serious crashes. Otherwise, the model speCifications are identical to the 

original study. To summarise, for the repl ication of Macpherson and Lewis ( 1998) there wil l  

be two models - Models (a) and (b) - for each of the five road safety outcomes: 

(a) All-theme adstock, CBTs, Trend, eleven seasonal dummy variables 

(b) Drink-drive adstock, CBTs, Trend, eleven seasonal dummy variables 

The results for each of the road safety outcomes will be compared with the original findings 

from Macpherson and Lewis ( 1998) . However, comparisons for the Macpherson and Lewis 

replications wil l be l imited to the adstock, CBT and trend estimates. The seasona l estimates 

are not considered important in the context of the research objective of this thesis - to 

identify a robust measure of advertising effectiveness. 

3.3.2 Positive Evidential Breath Tests (EBTs) 

Macpherson and Lewis ( 1998) used EBTs as the road safety outcome in their evaluation 

models so the following pair of replications represents the closest replication of the orig inal 

study. 

Table 6 on the next page provides a comparison of the original findings from Macpherson 

and Lewis for a l l  SRSP road safety advertising themes Model (a) with the replicated model 

lea) using the extended time series. 

From the summary statistics it can be seen that Model 1 (a) has a slightly better fit to EBTs 

than the original Model Ca) with an adjusted R2 of .66 compared to .53 .  

A comparison of the new estimates from the extended time series with the orig inal findings 

indicates that there are few meaningful d ifferences. When compared to the original 

estimates it is very clear that there a re only minor differences. CBTs continue to have a 
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positive and significant effect on the number of positive breath tests across both models. 

Table 6. Macpherson & Lewis (1998) Replication - EBTs and All-Theme 

Regression Coefficients & Statistics 
Model Ca} Model lCa} 

Independent Variables1 

Adstock (All-theme) -.04 -.01 
CBTs .45* .54** 
Trend .01 .02** 
Summary Statistics 
R2 .72** .73** 
Adjusted R2 .53 .66 
1. Both models Included eleven seasonal estimates that are not provided here. The full results are provided on page 
1S9. Model (a) results are taken from the original study from Macpherson & Lewis (1998). Model 1 (a) is a 
replication of Macpherson & Lewis (1998) using the longer time series. CBTs = Compulsory breath tests. * 
Statistically significant at O.OS level. ** Statistically significant at 0.01 level. 

However, one noticeable change with the longer data set is that the trend is now a significant 

and positive contributor to EBTs. This result indicates that some long term phenomenon is 

resu lting in increasing levels of drink-driving. 

At this point it is interesting to note that in contrast to common practise (Hakim et a l ., 1991), 

Macpherson and Lewis ( 1998) did not use an  economic indicator in their road safety models. 

The reasoning for this was that the unemployment variable was highly correlated to the trend 

( r  = 0.90) .  As the trend was more closely related to EBTs, unemployment was dropped from 

the model. In effect, the trend now also represents the economic indicator - the number of 

unemployed . 

Most importantly in the context of this thesis, the conclusion about the effect of the SRSP 

road safety advertising does not change with the addition of more data . Using this model 

there is no evidence that the general road safety advertising has an effect on drink-driving 

behaviour as represented by the level of positive evidential breath tests (EBTs). While both 

advertiSing estimates a re negative (-.04 and -.01) neither is statistical ly sign ificant at the 0.05 

level .  To clarify this statement, it should be noted that a positive advertising coefficient 

would ind icate that the advertising had been unsuccessful in reducing the number of EBTs. 

LikeWise, a negative but statistically inSignificant coefficient would a lso indicate that the 

advertising had not affected the number of EBTs. However, a negative and significant 

advertising estimate would support the LTSA claim that the road safety advertising had 

affected driver behaviour and subsequently road accidents and fata lities. The results of this 

replication support the previous finding from Macpherson and Lewis, that the general SRSP 

road safety advertisements did not reduce drink-drive behaviour. 

Consistent with the orig inal study, the analysis was repeated using the specific drink-drive 
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adstock variable (see Table 7 below) . It appears that focusing solely on the effects of the 

SRSP drink-drive advertisements has not led to a change in the estimation of its 

effectiveness. There is no discernable d ifference between the advertising estimates from the 

original study - Model (b) and the estimates using the extended time series - Model l(b). 

Moreover, the advertising estimate for Model l(b) is statistica lly insignificant. 

Consistent with Model l(a), the trend estimated in Model l(b) is significant and positive using 

the longer time series. These findings suggest that factors that are g radual ly increasing over 

time, which are not explicitly accounted for by other variables in the model, are significantly 

contributing to higher levels of EBTs. Similarly, CBTs a re estimated to be significantly 

contributing to an increase in EBTs in Model l(b) as they were in the original models and in 

Model l(a).  

Table 7.  Macpherson & Lewis ( 1998) Replication - EBTs and Drin k-Drive 

Regression Coefficients & Statistics 
Model (b) Model l(b) 

Independent Variables1 

Adstock (drink-drive) -.02 -.03 
CBTs .42* .53** 
Trend .01 .02** 
Summary Statistics 
R2 .69** .74** 
Adjusted R2 .49 .66 
1. Both models Included eleven seasonal estimates that are not provided here. The full results are prOVided on page 
160. Model (b) results are from the original study by Macpherson & Lewis. Model 1 (b) is a replication of 
Macpherson & Lewis using the longer time series. CBTs = Compulsory breath tests. *Statistically significant at 0.05 
level. ** Statistically significant at 0.01 level. 

The two close replications of Macpherson and Lewis ( 1998) have confirmed the original 

findings that there is no evidence to support claims that the SRSP advertising has led to 

changes in drink drive behaviour as measured by EBTs. The next pair of replications wil l  

estimate the SRSP advertising effect using drink-drive convictions as the road safety 

outcome. 

3.3.3 Drink-Drive Convictions 

Other researchers (Bl iss et al ., 1998; Cameron & Vulcan, 1998; Guria, 1999; Guria & Leung, 

2004; Tay, 1999, 2003a) have suggested that the use of EBTs in the Macpherson and Lewis 

( 1998) eva luation was inappropriate. Furthermore, Macpherson & Lewis ( 1998) al luded to 

difficulties in the use of EBTs as a measure of drink-drive behaviour and suggested that drink­

drive convictions (by date of offence) might be more appropriate. However, up-to-date 
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conviction data was not available at the time of the original analysis. In an initial attempt to 

address the lim itations of EBTs, the current study repeats the analysis with drink-drive 

convictions as the dependent variable and once again alternating between the general (al l­

theme) and specific (drink-drive) advertising. Table 8 provides a comparison of the estimates 

from the original Macpherson and Lewis models using EBTs - (a) and (b) - with each of the 

corresponding new models that use drink-drive convictions as the dependent variable -

models 2(a) and 2(b). 

Table 8. E BTs and Drink-Drive Convictions 

Regression coefficients and statistics 
Model (a) ModeI 2(a} Model (b) ModeI 2(b} 

Dependent Va riable 
Positive EBT s x t�$�:{tt�'? x W��j;"�"�i 
Drink-drive convictions �.f'(�f.�W�� x �l./j�M�l x 

Independent Va riables1 
Adstock (All-theme) -.04 .04* I�.:.�)��� . 1......,.. �I R ��-� 
Adstock (drink-drive) IU��� ;a,��* - .02 .03* 
CBTs .45* .01 .42* .03 
Trend .01 .01 .01 .01 * 
Summary Statistics 
R2 .72** .66** .69** .66** 
Adjusted R2 .53 .56 .49 .55 
1 .  All models Included eleven seasonal estimates that are not prOVided here. The full results are prOVided on pages 
161 and 162. X denotes the presence of the corresponding variable. * Statistically significant at 0.05 level. ** 
Statistically significant at 0.01 level. 

The models using drink-drive convictions as the road safety outcome - Models 2(a) and 2(b) -

have provided a slightly h igher measure of fit compared to the orig inal Macpherson and Lewis 

models with adjusted R2 values of .56 and .55 respectively (see Table 8). 

CBTs are no longer sign ificant when using drink-drive convictions as the road safety outcome. 

Furthermore, the trend estimates while unchanged in terms of magnitude, are only significant 

for Model 2(b) using drink-drive advertisements. As was found in model l(b) (see Table 7), 

model 2(b) suggests that factors that are trending upwards over time are significantly 

contributing to small increases in drink-drive behaviour. 

By changing the dependent variable from EBTs to convictions the SRSP advertising campaign 

is now found to have a sign ificant, though positive, effect on drink-drive behaviour. The 

findings for models 2(a) and 2(b) is the same - both models have resu lted in significant and 

positive advertising estimates ( .04 and .03 respectively) . Therefore the conclusion drawn 

from both of these models is that an increase in advertising is resu lting in higher levels of 

drink-drive behaviour. This counterintuitive claim could be explained simply by an increase in 

advertising coinciding with an anticipated increase in d rink-drive behaviour - an issue that wil l  
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be revisited in the specification of models and the estimation procedure in Chapter 5 .  

Alternatively, this finding could be interpreted as an ind ication that drink-drive convictions are 

increasing despite the SRSP advertiSing campaign .  

3.3.4 Serious Crashes 

Continuing with the extension of Macpherson a nd Lewis ( 1998), the dependent variable was 

changed to serious crashes - as used by cameron and Vulcan ( 1998) and consequently by 

White et al (2000a) and Tay (2001) .  A serious crash is defined as if as a result of a road 

accident a person requires hospital isation .  Serious crashes have often been used in road 

safety models as the estimates can be converted into pol icy directives and cost and benefit 

statements. Using Graham's ( 1998) classification of SRSP outcomes, serious crashes would 

be considered a n  overa l l  outcome. 

Once again, the findings below are presented to provide a comparison of the original 

estimates using EBTs as the dependent variable against the new estimates using another 

road safety outcome - serious crashes. 

Table 9. EBTs and Serious Crashes 

Regression coefficients and statistics 
Model (a) 

Dependent Variable 
Positive EBTs x 
Serious Crashes \� ... ��� 
Independent Variables1 

Adstock (All-theme) -.04 
Adstock (drink-drive) "JiR�r.\iit."� 
CBTs .45* 
Trend .01 
Summary Statistics 
R2 .72** 
Adjusted R2 .53 

ModeI 3(a) 

�1i?�i�� • ,. . 'f�' t. J..'� 
x 

-.01 
t&������J1 
- .04 
- .01** 

.71** 

.62 

Model (b) 

x 
��" <.  ,"�I 

l!��i�,,"�"fI.t ..... 1) t: ..... -1..:".- '�::.�1? 
-.02 
.42* 
.01  

.69** 

.49 

ModeI 3(b) 

.$� 'II' f:i j .' " .... 
x 

�"!4!!'��'i ' . '� . �4:1 
.004 
- .04 
- .01** 

.71** 

.62 
1.  All models Included eleven seasonal estimates that are not prOVided here. The full results are proVided on pages 
163 and 164. X denotes the presence of the corresponding variable. *Statistically significant at 0.05 level. 
**Statistically significant at 0.01 level. 

The fit of the Macpherson and Lewis models (adjusted R2 of .62) to serious crashes is only 

slightly less than that obtained in the EBT models l(a) and l(b). 

Using serious crashes as a dependent variable in the Macpherson and Lewis models implies 

that the most sig nificant impact is produced by trending factors. Moreover, the sign of the 

coefficient suggests that the effect of the trend is to reduce serious crashes, rather than 

increase serious crashes, as estimated in the models based on EBTs and convictions. Unl ike 
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the models using drink-drive outcomes (EBTs and convictions), models 3(a) and 3(b) indicate 

that the enforcement has been ineffective . Both estimates for CBTs, while negative in 

direction, are non-significant at the 0.05 level. 

The use of serious crashes, rather than EBTs in the Macpherson and Lewis models has not 

a ltered the original conclusion from Macpherson and Lewis ( 1998) - SRSP advertising appears 

to have no significant effect on driver behaviour and the resulting statistics. Both advertising 

estimates are non-significant with the drink-drive estimate being positive rather than negative 

in direction. 

Using the crash based road safety statistic, serious crashes, a measure argued by other 

researchers as superior to EBTs (Bl iss et a l . ,  1998; Cameron & Vulcan, 1998; Guria & Leung, 

2004; Tay, 2001), has produced varying and non-significant estimates of the effect of the 

SRSP advertising campaign. Furthermore, the findings using serious crashes have produced 

conclusions regarding the campaign's effectiveness that are largely consistent with those 

argued for in the original  study. 

3.3.5 Fatalities 

The Macpherson & Lewis analysis was repeated with the use of fatalities. This is another 

measure of driving behaviour that, using Graham's ( 1998) classification, is an overa l l  

outcome. For obvious reasons, fata lities are often used by pol icy makers and the media 

when making claims about the effectiveness of road safety in itiatives. While this measure is 

useful from a pol icy perspective it is expected to be of limited use for model ling the 

effectiveness of the SRSP advertising. 

Like previous tables in this section, Table 10 on the next page compares the orig inal 

estimates using EBTs with the findings for the same model using fatal ities as the road safety 

outcome. The variables in Models 4(a) and 4(b) only account for 30% of the variation in 

fata l ities. The lowest level of explanation using the Macpherson and Lewis models thus far. 

However, this result is not unexpected for such a broad measure of road safety that is l ikely 

to include a large random component. 
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Table 10. EBTs and Fatal ities 

1. All models included eleven seasonal estimates that are not provided here. The full results are provided on pages 
165 and 166. X denotes the presence of the corresponding dependent variable. *Statistically significant at 0.05 
level. * *Statistically significant at 0.01 level. 

The CBT estimates using fatal ities compared to EBTs are non-significant. Both estimates are 

smal ler with the a l l-theme Model 4(a) producing a positive coefficient while the drink-drive 

Model 4(b) producing a negative coefficient. Once again, trending factors are contributing to 

a reduction in the road safety outcome though, like the CBT estimates, the effect is non­

Significant. 

The only two independent variables that are statistical ly sign ificant in the fata l ity-based 

replications are the months of March and December (the results for the seasonal variables are 

provided on pages 165 and 166). These two months a re associated with sign ificantly h ig her 

levels of road accident fata lities. 

The effect of the SRSP advertising is negative in direction but non-sign ificant in both the 

fatal ity-based models. Using this outcome, road safety advertiSing, either the general al l­

theme or drink-drive advertisements, has resulted in a statistically non-significant reduction in 

fatal ities. 

Changing the road safety statistic from EBTs to fata lities has produced a model that, in terms 

of fit, is inferior to the outcomes tested so far here. Furthermore, the fatality-based models 

have produced advertising estimates that a re consistent with the original study, regardless of 

the type of SRSP advertisements used to represent the campaign. 
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3.3.6 High Alcohol Hour Serious Crashes 

Serious crashes can a lso be broken down into those that occur in high-alcohol hours and 

those that occur in low alcohol hours. The definition is used to target periods when certa in 

types of accidents are more l ikely to occur - generally interpreted as speed-related crashes in 

low alcohol hours and drink-driving related crashes in high a lcohol hours. The distinction 

between time periods has been used in previous evaluations of the Victorian campaign 

(Cameron et a l . ,  1993; Cameron & Vulcan, 1998; Tay, 2003a) but a slightly different 

definition is used in New Zealand. In New Zea land h igh a lcohol hours are considered to be 

between 10pm and 4am, Monday to Thursday, and between 10pm and 6am Friday to 

Sunday. It is expected that this intermediate outcome measure wil l not be as precise as 

other drink-drive outcomes - EBTs and convictions. Serious crashes during high alcohol 

hours also include a large number of non-alcohol related crashes - just less of these types of 

crashes occur during high alcohol hours than other time periods. 

Ta ble 11 .  EBTs and High Alcohol Hour Serious Crashes 

Regression coefficients and statistics 
Model (a) I Model s(a) Model (b) Model s(b) 

Dependent Variable 
Positive EBTs x ��i��' x ���.�� 
HAH Serious crashes �1t-��.����'i� x ·���L*t�1 x 

Independent Variables1 
Adstock (All-theme) -.04 -.04 �� ... . . . . • • ...Jl:!l _ l.ii i'!f.��Jltfl 
Adstock (drink-drive) *�.�'��Jfb �}\!: ' ' . x .�: � ... ��� 'to ��"r1'--. 

- . .  
. -.02 -.05 

CBTs .45* - .22 .42* -.24 
Trend .01 - .01** .01 -.01** 
Summary Statistics 
R2 . 72** . 54** .69** .54** 
Adjusted R2 . 53 .40 .49 .40 
1. All models Included eleven seasonal estimates that are not provided here. The full results are provided on pages 
167 and 168. X denotes the presence of the corresponding variable. HAH Serious Crashes = High Alcohol Hour 
Serious crashes. *Statistically significant at 0.05 level. ** Statistically significant at 0.01 level. 

Table 1 1  above compares the estimates using High Alcohol Hour serious crashes with those 

obtained from the original Macpherson and Lewis ( 1998) study using EBTs as the outcome. 

The results are very similar to those obtained using serious crashes (see Table 9), except that 

the model explains much less of the variation in the outcome measure (adjusted R2 of .40 

compared to .62). Using the high alcohol hour distinction for serious crashes has seen no 

change in the estimate for the trend compared to the overal l  serious crash measure. 

Trending factors are again highly sign ificant in reducing the crash numbers. Likewise, the 

CBT estimates are negative and non-significant in Models Sea) and S(b) as they were in 

Models 3(a) and 3(b). 
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The advertising estimates were again non-sign ificant for both types of SRSP advertisements. 

The road safety advertising was not effective in reducing  the number of high alcohol hour 

serous crashes. Moreover, the high a lcohol hour based models have produced advertising 

estimates that are consistent with those from the original  study a nd pOinted to other factors 

being responsible for the continuing decline in high alcohol hour serious crashes. 

3.3.7 Summary of Replications of Macpherson and Lewis (1998) Models 

The original model estimated by Macpherson a nd Lewis ( 1998) found no evidence to support 

the LTSA's claims that the introduction of the SRSP road safety advertising had led to 

improvements i n  driver behaviour and consequently a lower level of road accidents and 

fatalities. Table 12 provides a summary of the estimated effects for the replications using the 

five road safety outcomes. Model numbers ending in (a) relate to the a l l-theme advertising 

content, while model numbers ending in (b) relate to the drink-drive advertisements. 

To assist the interpretation of the summary table it shou ld be noted at this point that 

references to "positive" and "negative" are in terms of the direction of the estimated 

relationships and are not to be confused with an  interpretation of the practical implications of 

the finding . For example, while an  advertising estimate may be positive in direction, 

pol icymakers would consider the impl ications of this resu lt to be a "negative" reflection of 

their efforts. This would mean that an increase in the road safety measure is associated with 

an increase in the level of SRSP advertising. Thus, a positive advertising estimate is an 

indication that the campaign has been ineffective and, therefore, unsuccessful at reducing the 

road accident statistics. 

Table 12. Summary of Estimated Effects from Replications of Macpherson & Lewis 

EBTs 

lea) l(b) 
Variables 
SRSP Advertisinq 
CBTs 

Road Safety Outcome 
Drink-drive Serious 
Convictions Crashes Fatalities 

2(a) 2(b) 3(a) 3(b) 4(a) 

+ + 
+ 

+ 

4(b) 

HAH Serious 
Crashes 

Sea) S(b) 

Trend '.,71 :l�� +���);� 1;�f:�+:;!;'/�i. + ���-:":t��� � '\{�:�k_�'-F�;J: ;��-fl���tt�l! ���[� ¥:;��� If�·��r;;jV::;i 
Shaded cells Indicate a statistically significant effect at the 0.05 level. (a) = all-theme. (b) = drink-drive. 

While the majority (70%) of estimates for the SRSP advertising indicate that it has reduced 

the road safety outcomes, the only sign ificant effects using the Macpherson and Lewis model 

are positive in direction - Models 2(a) and 2(b) using drink-drive convictions. 

Enforcement as represented by CSTs appears to be positively related to the EST-based 
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outcomes in Models l(a) through to 2(b), and largely negatively related to the crash-based 

outcomes of serious crashes, fatalities and high alcohol hour crashes i n  Models 3(a) to 5(b). 

Across al l the road safety outcomes except fata lities, the trend is the most common 

sign ificant contributor to changes in the road safety statistics. Factors that are gradually 

trending upwards over time are contributing to an increase in EBT-based outcomes, and 

contributing to a decrease in crash-based outcomes -with the exception of fatalities. 

Changing the type of advertisements to represent the SRSP road safety advertising appears 

to have l ittle, if any, effect on the estimates with few differences between the a l l -theme (a) 

and drin k-drive (b) models evident across the replications. 

Despite changing the road safety outcome measures and the type of SRSP advertisements, 

the results of the replications in terms of the advertising effects a re inconclusive. At this 

stage in the proposed analysis process, there is no indication that this model will provide a 

robust measure of the effectiveness of the advertising. 

The next approach that was developed to evaluate the effectiveness of the SRSP campaign 

was Cameron and Vulcan  (1998) .  This model wil l  be the focus of the next series of 

eva luations along with the modified model proposed by White et a l  (2000a) as a n  

improvement o f  Cameron and Vulcan's attempt. 

3.4 The Replication of Cameron and VUlcan's ( 1998) and White et ai 's (2000a) 
Eva luation of the SRSP Campaign 

3.4.1 Introduction 

In 1998 Cameron and Vu lcan were commissioned by the LTSA to develop a quantitative 

model to evaluate the effectiveness of the overal l  New Zealand Supplementary Road Safety 

Package (SRSP) . Contrary to the findings of Macpherson and Lewis ( 1998), Cameron and 

Vulcan concluded from their analyses that the SRSP advertising campaign had been 

successful in reducing the number of serious crashes. Indifferent to their own previous 

research (Cameron et a l . ,  1993; Cameron & Newstead, 1993a, 1993b; Cameron & Newstead, 

1996; Cameron et a l . ,  1995a, 1995b; M .  Cameron et a l . ,  1994) and the approach undertaken 

by Macpherson and Lewis (1998), the MUARC researchers chose to represent the effects of 

the overa l l SRSP campaign as a step function using two dummy variables to represent the 

first two years of the campaign .  The Cameron and Vulcan models spanned from the 

beginn ing of 1990 to the middle of 1997 using quarterly data which amounted to 30 
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observations. Cameron and Vulcan chose to use the total number of serious crashes as the 

dependent variable in the eva luation of the NZ campaign, which is similar to the high and low 

alcohol serious crashes variable used in their previous modelling of the Victorian campaign. 

For reasons unknown, two models were specified, one using unemployment as the economic 

ind icator, and one using new car registration as the economic indicator. Each of the models 

contained the following variables : 

• Dependent Variable 

o Serious crashes 

• Independent Variables 

o Compulsory breath test (CBT) dummy variable 

o SRSP dummy to indicate mid 95 to mid 96 

o SRSP dummy to indicate 2nd half 96 to mid 97 

o New car registrations, or U nemployment rate 

o Three seasonal dummy variables to denote three last quarters (Q2, Q3, and 

Q4) 

All variables were transformed by the natural logarithm thereby creating double-log models. 

This transformation is common in the modell ing of road safety data. 

3.4.2 Specification of Replication Models 

Consistent with the previous replication, the original models will be extended to include 

models using other road safety outcomes ( l isted below). As Cameron and Vulcan  ( 1998) 

util ised serious crashes as the dependent variable, this section wil l begin with models using 

this outcome. From the initial two models, the dependent variable wil l  be changed to: EBTs, 

drink-drive convictions, fatalities, and high a lcohol hour serious crashes, in that order. 

The current time series includes monthly level data for the period October 1993 to December 

1998 so encompasses the first three years of the campaign - 1995 to 1998. As a result, each 

year of the SRSP campaign will now be represented by three dummy variables rather than 

the two required by Cameron and Vulcan.  

However, a notable omission from the list of independent variables in Cameron and Vulcan's 

( 1998) evaluation was a trend term. The exclusion of a trend term was challenged by White 

et al (2000a).  Furthermore, White et al (2000a) demonstrated that the conclusions from 

Vulcan and Cameron ( 1998) were sensitive to the presence or absence of the trend. To 

address this issue and to serve as a replication of White et a i's (2000a) model specification, 
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two further models that include the trend will be estimated for each road safety outcome. 

The replication in the current study differs from the original Cameron & Vulcan (1998) and 

White et al (2000a) studies by utilising monthly rather than quarterly data. The use of 

monthly level data in the current study should only serve to provide a finer perspective and 

greater precision than that afforded by quarterly data. Furthermore, the CBT program is 

represented by actua l  monthly counts rather than a dummy variable as was the case with the 

original study. A dummy variable for CBTs was not possible here as the beginning of the CBT 

program was prior to the start of the new time series (October, 1993). Therefore, the 

dummy variable would have been a constant across the complete time series. 

In summary there wil l be four models for each of the five road safety outcomes: 

a) CBTs, SRSP 95/96, SRSP 96/97, SRSP 97/98, New Cars, Seasonal dummies 

b) CBTs, SRSP 95/96, SRSP 96/97, SRSP 97/98, Unemployment, Seasonal dummies 

c) CBTs, SRSP 95/96, SRSP 96/97, SRSP 97/98, New Cars, Seasonal dummies, and 

Trend 

d) CBTs, SRSP 95/96, SRSP 96/97, SRSP 97/98, Unemployment, Seasonal dummies, and 

Trend 

The results for each of the road safety outcomes will be presented in a series of tables. The 

first two columns of each table - Models (a) and (b) wil l  contain the replications relating to 

Cameron & Vulcan ( 1998), and the remaining two columns - Models (c) and (d) will contain 

the estimates from the replication of White et a l  (2000a) .  

3.4.3 Serious Crashes 

The dependent variable chosen by Cameron and Vulcan to model the effects of the New 

Zea land SRSP campaign, and subsequently by White et al in their re-evaluation was serious 

casua lty crashes. Therefore, Models 6(a) and 6(b) represent the closest replication of the 

original evaluation and Models 6(c) and 6(d) represent the closest replication of the original 

re-evaluation by White et al . 
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Table 13. Replications of Cameron and Vulcan's Evaluation & White's Re­
Evaluation of the NZ SRSP - Serious Crashes 

* Statistically significant at 0.05 level. 
169 to 172. 

The first model - 6(a) - indicates that the first year of the SRSP is having a sign ificant but 

positive effect on serious crashes, whereas the second year has had no sign ificant impact, but 

then the third year is a lso estimated to have had a significant but positive effect on crashes. 

The direction of the estimates of the effect of the campaign for each year does not change 

when another economic indicator is used . However, changing the i ndicator from new cars to 

unemployment - see Model 6(b) - results in the SRSP being estimated as statistical ly 

sign ificant for both the second and th ird years of the campaign. Consequently, both Models 

6(a) and 6(b) are relatively consistent with the original cameron and Vulcan findings that the 

campaign increased in effectiveness from the first year to the second year. But the 

increasing effectiveness of the campaign does not appear to have contin ued into the third 

year of the SRSP advertising campaign.  

The incl usion of a trend effect - Models 6(c) and 6(d) - has repeated the findings of White et 

a l  (2000a).  The campaign is estimated to have little to no effect with only one year, SRSP 

95/96, being significant at the 0 .05 level. Also consistent with White's findings, factors 

trending upwards over time are significant in reducing the incidences of serious casualty 

crashes. Neither new car reg istrations nor unemployment have sign ificantly affected serious 

crashes when the trend is included. However, in the original eva luation by White et al - and 

in  6(a) for new cars - both indicators were estimated to significantly reduce crash numbers. 

The four closest replications of the original cameron and Vulcan ( 1998) and White et a l  

(2000a) studies have resulted in l ittle change to the in itial conclusions. When only 

considering the direction of the estimates, the replication of Cameron and Vulcan supports 

the claim that the campaign has been effective in the second year. In  contrast, the 

repl ication suggests that the campaign has been ineffective in the third year - see 6(a) and 

6(b). The replication of White et a i 's (2000a) model that includes the simple addition of a 
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trend term seriously chal lenges Cameron and Vulcan's underlying model assumptions and 

their subsequent claims. 

It is possible the above findings are dependent on the modeller's choice of road safety 

outcome. The next repl ication uses EBTs as the road safety outcome to see whether the 

same conclusion would be reached with a different outcome measure. 

3.4.4 Positive Evidential Breath Tests (EBTs) 

In the previous eva luation of Macpherson and Lewis ( 1998) the use of EBTs and drink-drive 

convictions fa iled to uncover any elements that contributed to a sign ificant reduction in either 

of the road safety outcomes. The repeated use of EBTs as the road safety outcome across 

two separate model specifications wil l assist in our understanding of the effectiveness of the 

SRSP advertising campaign. 

Table 14 conta ins the estimates from the appl ication of EBTs to the Cameron and Vu lcan 

( 1998) and Wh ite et al (2000a) models. Models 7(a) to 7(d) conta in  ample significant 

estimates but few of these are reducing the number of EBTs - most factors estimated are 

positive, thus are leading to h igher levels of d rink-drive behaviour rather than a reduction . 

The only exceptions are found in Models 7(a) and (c) where the first year of the SRSP has 

resulted in a sign ificant reduction in d rink-driving . On the other hand, these two models 

conta in significant estimates of gains in dr ink-driving for the second and third years of the 

SRSP campaign, indicated by the sign ificant but positive coefficients. 

Table 14. Repl ications of Cameron et a i 's Evaluation & White's Re-Eval uation of 

the NZ SRSP - EBTs 
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Factors that trend upward over time and the number of CBTs are a lso estimated to 

significantly contribute to higher levels of drink-drive behaviour - a repeat of the findings in 

Models l(a) and (b) from the Macpherson and Lewis repl ication on page 57. Once again, 

both these findings may be explained in relation to EBTs. Increases in the number of CBTs 

are timed with the a nticipated increase in  drink-drive behaviour. If this is correct, then this 

synchronous relationship presents a problem for the use of a single equation such as used 

here and in the other repl ications. This is an issue that wil l be re-visited in Chapters 4 and 5 .  

3.4.5 Drink-drive Convictions 

The results of using drink-drive convictions as the outcome measure are shown in Table 15 .  

Once again, the result is  very Similar estimates to the findings of the models using EBTs (see 

Table 14) . This result is not a ltogether unexpected as drink-drive convictions largely originate 

from positive evidential breath tests. 

Models Sea) and (b) estimate similar effects for the SRSP and CBT variables. The number of 

CBTs is having a negative effect on drink-drive convictions although this is not statistical ly 

significant. In contrast the SRSP campaign has had a significant positive effect on drink­

drive behaviour - with only the one exception being the second year of the campaign for 

Model Sea) .  Furthermore, neither of the economic indicators are significantly affecting drink­

driving . Both models provide a moderate level of explanation of drink-drive convictions. 

Table 15.  Replications of Cameron and Vulcan's Evaluation & White's Re­
Evaluation of the NZ SRSP - Drink-Drive Convictions 

Indej!endent Variables 
CBTs 
SRSP - 95/96 
SRSP - 96/97 
SRSP - 97/98 
New Car r�istrations 
Unemployment 
Trend 
Summary Statistics 
R2 
Adjusted R2 

ModeI 8(a) ModeI 8(b) ModeI 8(c) 

-.02 -.02 .05 
. 11**  .12** .13** 
- .13** .14** .10** 
.08* .08* -.02 
- .04 l��� - .26* _.14 ��� 

,f�����:.lf� .003** 

.68** .68** .72** 

.56 .57 .62 

ModeI 8(d) 

.04 

. 12**  

.10* 

.03 

--�� 
. 13 
.002 

.70** 

.59 
* Statistically significant at 0.05 level. ** Statistically Significant at 0.01 level. Note: Full results provided on pages 
177 and 180. 

In Model S(c), new car registrations now have a significant negative impact on drink-driving, 

while the estimate for unemployment in Model Sed) is a lmost identical to Model S(b). The 

new trend variable is statistica lly significant for the model using new car reg istrations only.  

Moreover, the estimates in both Models S(c) and (d) are noticeably smal ler than those for the 
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comparable Models 7(c) and (d) (see Table 14). However, the factors that are trending 

upwards over time are only significantly related to an increase in drink-drive behaviour when 

using new car registrations as the economic indicator. 

The introduction of the trend term in Models 8(c) and (d) makes l ittle difference to the 

estimates for the first two years of the SRSP campaign - the campaign is still having a 

sign ificant but positive effect on driving behaviour. However, now the third year of the 

campaign has had little if no effect on driver's behaviour. 

The use of EBTs and drink-drive convictions produce estimates that are a distinct from those 

found by Cameron and Vulcan ( 1998), White et al (2000), and the subsequent replications of 

those studies. The differences may be simply explained by the outcomes themselves. While 

road crashes continued to gradual ly decline over the study period, drink-drive behaviour 

measured by the number of positive EBTs and the eventua l  d rink-drive convictions increased 

over that same period . As the implementation of the SRSP advertising campaign coincided 

with an increase in drink-driving, it is not surprising that the relationships between these 

actions a re positive. Likewise, the trend now represents the factors that a re not represented 

expl icitly in the model but which are a lso gradually i ncreasing over time - hence the positive 

relationship. 

The next series of replications are based on road fatalities, therefore it is expected that the 

estimates will be similar to those found using the broader categorisation of serious crashes. 

3.4.6 Fatalities - Models 9(a) to 9(d) 

Table 16 on the next page conta ins the estimates of the extension of cameron and Vulcan 

and White et ai's models to include the use of fata lities as the measure of outcome. 

As expected, the use of this overa l l  outcome has produced no statistically significant effects 

among the key variables of interest here. Moreover, the models a re a weak explanation of 

the overa l l  variation in road fatalities with the largest Adjusted R2 of .27 or 27%. Once again, 

this result is not unexpected and underpins the limitations of such g lobal measures for 

judg ing such initiatives. If we d isregard the significance of the estimates the results appear to 

be supportive of the claim that the SRSP advertiSing has led to a reduction in fata lities over 

its first three years. Un like previous models here, the inclusion of a trend - Models 9(c) and 

9(d) - does not affect this find ing. Factors that are trending upwards over time a re 

estimated to be reducing fatal ities - a similar finding to Models 6(c) and 6(d) using serious 

crashes (see Table 13). But notably, none of the estimates in any of these four models are 
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statistica lly significant. 

Table 16. Replications of Cameron and Vulcan's Evaluation & White's Re­
Evaluation of the NZ SRSP - Fatalities 

3.4.7 High Alcohol Hour Serious Crashes 

The final replications of Cameron and Vulcan ( 1998) and White et a l  (2000a) involve the use 

of another intermediate road safety outcome - high a lcohol hour serious crashes. Once 

again, the expectation is that this outcome wil l  provide a more precise measure of drink-drive 

behaviour than the overal l  crash statistic, serious crashes. 

Table 17. Replications of Cameron and Vulcan's Evaluation & White's Re­
Evaluation of the NZ SRSP - High Alcohol Hour Serious Crashes 

The pattern of results in Table 17 closely mirrors those from Models 6(a) to (d) (see Table 

13). The inclusion of a trend variable produces non-significant estimates for the SRSP 

campaign and sign ificant trend estimates. This finding g ives further support to White et ai's 

a rguments that Cameron and Vulcan's ( 1998) model specification was sensitive to the 
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presence of a trend and the factors represented by this variable. Furthermore, as was 

claimed by White et ai, the trend is the significant contributor to the reduction road safety 

accident statistics. 

3.4.8 Summary of Models 6(a) to lOrd) 

The nature of the find ings and patterns that were evident in the replications of Macpherson 

and Lewis ( 1998) has been repeated here in the repl ications of cameron and Vulca n  ( 1998) 

and White et a l  (2000a). Across the estimated Models 6(a) to 10(d) the results are, once 

again, inconclusive in regards to the effectiveness of the SRSP advertising campaign.  The 

fi ndings have been split over two tables. Table 18 conta ins the direction and significance 

estimated effects of the replications of cameron a nd Vulcan's models. Table 19 contains the 

direction and sign ificance of the estimated effects of the rep l ications of White et al - the key 

difference between the tables being the inclusion of a trend term in the later models. 

Table 18. Sum m a ry of Estimated Effects from Replications of Cameron & Vulcan 

Road Safety Outcome 
Serious 

EBTs 
Drink-drive 

Fatalities 
HAH Serious 

Crashes Convictions Crashes 
6(a) 6(b) 7(a) 7(b) 8(a) 8(b) 9(a) 9(b) iD(a) 1O(b) 

Variables 
SRSP 95/96 >- +:;; -' + �:.,� : •. P;':;, - J·{$.±_t�} .,:'�*"1'!!:; - - l;gt��m-� + 

SRSP 96/97 - c����f·: �)�J�-f1�::";� t �{<�;1;:� '56£�i� ��?; - - - �Ji"��:; 
SRSP 97/98 -!:':'y'+- .�:::: -'< '"+.;$ i<:::.+�;,w rC��i�� I��:f.t�f ��--:\� - - ift:ti��; i�W�� 
Shaded cells Indicate a statistically significant effect at the 0.05 level. (a) Includes new cars. (b) Includes 
unemployment. 

From Table 18 if we d isregard the statistica l significance of the advertising estimates, 47% of 

effects indicate a reduction in the road safety statistics following the introduction of the SRSP 

campaign. Using the same perspective appl ied to the findings in Table 19, 57% of the 

advertising effects ind icate that the road safety statistics reduced fol lowing the 

implementation of the SRSP campaign .  

However, taking into account the statistical sign ificance of the advertising estimates, Table 18  

shows that 74% of the sign ificant advertising effects ind icate that the campa ign has not been 

effective in reducing the road safety outcomes. If we focus solely on the significant 

advertising estimates in Table 19 on the next page (i .e. ignore the trend estimates), 40% 

ind icate that the implementation of the SRSP advertising resulted in a reduction in the road 

safety outcomes. Thus, the inclusion of the trend variable into the models has sl ightly 

increased the number of sign ificant negative SRSP estimates. This is contrary to the original 

White et al (2000a) findings where the inclusion of the trend resulted in fewer if any 
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significant SRSP estimates. Nonetheless, the majority of SRSP estimates here, with or 

without the trend also being present, indicate that the implementation of the SRSP campaign 

has been ineffective in  reducing the road safety statistics. 

Table 19. Summary of Estimated Effects from Replications of White et a l  

Road Safety Outcome 
Serious 

EBTs 
Drink-drive 

Fatalities 
HAH Serious 

Crashes Convictions Crashes 

6(cl 6(d) 7(e) 7(d) 8(e) 8(d) gee) 9(d) lQ(e) 
Variables 
SRSP 95/96 ' '' ' +�i¥- + '?�·�;-�:l� - :5���t£ ��f.f.�� - - + 

SRSP 96/97 + - bf�3r�::'il� '�;-:��R� :,��:;hl�� ��+�:r� - - -

SRSP 97/98 - - ::f�+ii�"'� j;§'l'��+,�:;:f - + - - + 

Trend ',;' 'f7�.,!,;'. ' ,"J''i:-�7i ;."'::'':- Of·.;",,,,- fz�-'+'r�'iJ;, ,�+,,�, + - - (l ,��� 
Shaded cells Indicate a statistically significant effect at the 0.05 level. Cc) Includes new cars. Cd) Includes 
unemployment. 

10(d) 

+ 

-
+ 

�.�{�:7..t�; 

Viewing the results from the perspective of the road safety outcome used and focussing only 

on the advertising effects, the EBT-based models (EBTs and convictions - Models 7a, 7d, 8c, 

8d) produced noticeably more significant estimates than the other crash-based outcomes 

(fatalities, serious and high a lcohol crashes - Models 6c, 6d, 9c, 9d, 10c, 10d) . Of the 

sign ificant advertising estimates in the EBT-based models, 44% were negative and 56% were 

positive. Only models 7c and 7d produced any conSistency i n  the pattern of the three 

advertising estimates across the two models using different economic ind icators. For these 

models, the campaign was estimated to be effective for the first two years (though the first 

year of the SRSP is statistically insign ificant in Model 7d) and positive, and therefore 

ineffective, in the third year. 

The EBT-based models failed to replicate the original Cameron and Vulcan ( 1998) and White 

et al (2000a) findings. These models - 7(a,b,c,d) and 8(a,b,c,d) - ind icated, to at least some 

degree, that both the SRSP and the trend have both contributed sign ificantly to an increase i n  

drink-driving . Moreover, the contrast between the crash-based outcomes and the EBT-based 

outcomes is consistent with those found in the replication of Macpherson and Lewis (see 

summary Table 12 on page 65). Across the two series of replications undertaken at this 

point, the use of crash-based models indicates that the trend is a sign ificant factor in the 

reduction in crash-based outcomes while the trend sign ificantly contributes to an i ncrease in 

drink-drive behaviour in the EBT-based models. The counterintuitive findings that the SRSP 

campaign has led to an increase in road safety outcomes will be the revisited in Chapters 4 

and 5 .  

The next series of models will repl icate the models from Tay's ( 1999) evaluation of the SRSP , 
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campaign. Tay put forward these models to address what he claimed to be deficiencies in 

the Macpherson and Lewis ( 1998) assessment of the road safety advertising's effect on driver 

behaviour. 

3.5 Replication of Tay's (1999) Evaluation of the SRSP Road Safety Advertising 

3.5.1 Introduction 

In 1999 Tay re-analysed the data from Macpherson and Lewis ( 1998) and consequently 

cla imed that, following some modifications to the model and the estimation process, the road 

safety advertising campaign was successful in reducing the level of d rink-driving in New 

Zea land . Tay's modifications can be broken down into the fol lowing elements : 

• The use of only a genera l measure of road safety advertising, 

• A subtle re-specification of Macpherson and Lewis's basic model, 

• The testing of the functiona l form, 

• The use of first-order autoregression, 

• The testing for a structural change in the relationship between the advertising a nd 

the road safety outcome. 

3.5. 1. 1  A General Measure of A dvertising 

Macpherson and Lewis (1998) used a pa ir of models to estimate the effectiveness of the New 

Zea land road safety advertising.  These differed in the one respect; they switched between a 

general (all-theme) measure of the advertisements and a specific (drink-drive) measure of 

the road safety advertisements. Macpherson and Lewis found that the conclusions drawn 

from both models were the same. Therefore, Tay ( 1999) chose to focus only on the re­

ana lysis of the broader measure of the advertising . The assumption u nderlying Tay's use of 

a l l  SRSP road safety advertisements (a l l-theme) is that focusing solely on the specific drink­

drive messages results in an under-representation of the amount of SRSP road safety 

advertising at any one time. The treatment of messages used the SRSP campaign was very 

similar across a l l  the types of advertisements. Therefore, given the similarity of the images 

and messages, the effect of each type of advert is assumed, by Tay, to spi l l  over into a l l  

other driving behaviours. 

Consequently, the replication of Tay ( 1999) will a lso focus solely on the general (al l-theme) 

measure of road safety advertising .  
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3.5. 1.2 Tays Basic Model Re-specification 

Tay ( 1999) a lso claimed that ten of the estimated eleven monthly dummy variables were 

statistical ly non-sign ificant using the original Macpherson and Lewis ( 1998) models. However 

the results from Macpherson and Lewis ( 1998) show that this assumption appears to have 

been incorrect. In the original study only three of the seasonal variable are non-significant; 

February, June, and December. Therefore, it is not clear why Tay excluded al l  of the month ly 

dummy variables except December. Another aspect of this decision was his mistaken 

interpretation of the level of drink-driving in this month . Tay concluded from the raw EST 

data that drink-driving regularly peaked in December. However, Figure 2 on page 15 taken 

from Macpherson (2003) shows that, when taking the number of tests into account, the 

month of December is actually a period of lower than average drink-drive behaviour. Despite 

these issues, the original specification of the explanatory variables in Tay's models will be 

maintained in the fol lowing replication and extensions. 

3.5. 1.3 Tays Test of the Functional Form 

Tay made another modification to the Macpherson and Lewis ( 1998) approach by testing the 

functional form of a l l  his models. Tay ( 1999) tested four functional forms. They were: 

.. Double-log 

.. Log-l inear 

.. Linear-log 

.. Linear 

However, Tay's own a na lYSis found minimal differences between the fits ach ieved and, more 

importantly, no practical differences between the estimates and conclusions drawn between 

the four  functional forms. 

To simplify the replications to follow, Tay's functiona l  forms were re-tested here. If, once 

again, the differences between the functional forms are found to be minimal, then just the 

one functional form can be used for the repl ication of each of Tay's models. While Tay 

( 1999) a na lysed the functional form for each of his models without finding any practical 

differences in the conclUSions, l ittle is to be ga ined by repeating the exercise here if the 

findings a re repeated . 

The basic model using the four functional forms, as specified by Tay ( 1999), were re-
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estimated using the longer time series and are shown in  Table 20 below. 

Table 20. Tay's Different Functional Forms using EBTs as the Outcome 

Using the adjusted R2 as a point of comparison, there is no substantive difference between 

the models. In each of the models, CBTs a nd the trend are significant and positive. 

Furthermore, the conclusions you would draw from each of the models above are identical; 

there is no evidence to suggest that the advertising has resulted in a significant reduction in 

the road safety statistics - none of the advertising estimates are statistically significant. This 

finding reflects Tay's own findings in so far that the estimates are consistent across the 

models using the four functional forms. 

The double-log is the most common functional form for the analysis of road safety data 

(Hakim et al . ,  1991)  and has been used for a l l  the repl ications undertaken u p  to th is point in 

this thesis. The continu ing use of this functional form is not only consistent with best 

practice, but enables a more straightforward comparison between a l l  the replications. As a 

result, the double-log functional form will be used for the replications of Tay ( 1999) beginning 

with the replication of the Tay's basic model using the five road safety statistics - Models 

12(a) to 12(d) on page 80. 

3.5. 1.4  Tay's Use of First-order Autoregression 

Tay a lso suspected that because the Macpherson and Lewis ( 1998) analysis used time series 

data that autocorrelation may be present. On the other hand, after calculating Durbin 

Watson statistics, Tay concluded that the he was unable to conclusively determine the 
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presence of autocorrelation in the data .  Despite this, Tay sti l l  re-ana lysed the Macpherson 

and Lewis data using first-order autoregressive estimation. 

With a principle of completeness in mind, the first-order autoregressive model will be 

replicated here in the current study - in Models 13(a) to 13(e) on page 81 .  

3.5. 1.5 Tays Test for a Structural Change 

Lastly, Tay re-analysed his four functional forms in a n  attempt to detect any evidence of a 

structural change between the level of advertising and drink-driving. To test whether the 

implementation of the SRSP had resulted in a change in the level of EBTs, two additional 

variables were created - DSRSP and Sadstock. DSRSP is a dummy variable that assumes a 

va lue of zero for observations that were before the implementation of the SRSP (October 

1995) and a value of one for observations after the implementation .  Sadstock is the 

i nteraction term between DSRSP and Adstock and Tay a rgued that this variable would 

estimate the presence of a structural change in the relationship between drink-driving 

behaviour and advertising after the launch of the SRSP. Once again, Tay chose to use first­

order autoregressive estimation for these models. 

The test for a structura l  change is repeated here using the five different road safety statistics 

- Models 14(a) to (e) on page 83. 

3.5.2 Overview of the Tay (1999) Replications 

To summarise, the model specification of the testing of functional forms, the estimation of 

the basic model and the in itial first-order autoregressive models wil l use the fol lowing 

independent variables: 

.. All-theme Adstock 

.. Compulsory breath tests (CBTs) 

• Trend 

.. December dummy variable 
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The structural change models wil l consist of the fol lowing 'additiona l '  independent variables: 

.. DSRSP 

.. Sadstock 

Each model wil l  be extended once again by using the five road safety statistics in the 

following order: 

(a) Positive evidential breath tests (EBTs) - as per Tay's (1999) evaluation 

(b) Drink-drive convictions 

(c) Serious crashes 

(d) Fatalities 

(e) H igh a lcohol hour serious crashes 

Consistent with the previous replications here, the data is at monthly level and covers the 

period October 1993 to December 1998. 

3.5.3 Replications of Tay's (1999) Basic Model 

Table 21  on the next page contains five replications of what Tay ( 1999) referred to as the 

'basic' model. The models on ly differ in terms of the road safety statistics used as the 

dependent variable. Tay used EBTs in his evaluation so this is specified in the first model of 

this series - Model 12(a) - and therefore represents the closest replication of the basic 

model. Please note that Model 12(a) is identical to Model l 1(a) in Table 20. 

Model 12(a) i ndicates that the trend and CBTs are the only significant factors affecting driving 

behaviour. This result is consistent with the findings in Model l(a) from the Macpherson and 

Lewis replications (see page 57) that includes al l  the seasona l dummy variables. 

Furthermore, it is would appear Models 12(b) to (e) are not too dissimi lar to the 

corresponding models in the replication of Macpherson and Lewis - see Models 2(a) to 5(d) 

on pages 59 to 64. Model 12(b), based on drink-drive convictions, pOints to the month of 

December being the only variable of sign ificance. This is an a lmost identical finding as Model 

2(a) (see page 161 for the complete results). However, as would be expected with 10  

seasonal variables omitted, Model 12(b) explains substantial ly less of the variation in 

convictions (adj. R2 of .23 compared to .56) than Model 2(a).  Furthermore, Model 12(b) a lso 

differs from Model 2(a) in that it does not estimate a significant effect for the SRSP 

advertising .  The earlier replication estimated that the advertising was related to a significant 

increase in drink-drive behaviour. 
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Table 21. Tay's ( 1999) Basic Model using Different Road Safety Statistics 

Models 12(c) and (e) are similar in the respect that they al l  indicate that trending factors are 

significantly reducing the road safety outcome. Once again, these findings a re consistent 

with the corresponding Macpherson and Lewis replications - Models 3(a), 4(a), and Sea). 

However, Model 12(e) now differs from Model Sea) of the Macpherson and Lewis replication 

as it now estimates a significant reduction in high a lcohol hour crashes due to the road safety 

advertising . In summary, the Macpherson and Lewis repl ication failed to reveal a significant 

reduction using a l l  the monthly dummy variables and Tay's decision to remove the monthly 

dummy variables other than December has a l ready been questioned here. Therefore, it 

would appear that the advertising estimate is sensitive to the inclusion or omission of the 

sign ificant seasonal variables. 

Factors that trend upwards over time were again a sign ificant factor in the increase of EBTs 

and the reduction in serious and high alcohol hour crashes. 

3.5.4 Replications of Tay's (1999) Autoregressive Model 

Tay (1999) anticipated that the time series data used in the analysis may exhibit 

autocorrelation. However, autocorrelation is not a problem in the actual estimation of model 

effects. The presence of a utocorrelated data will only affect the standard errors of the 

estimates and any subsequent tests of their precision (Lewis, 1975). Even so, for the sake of 

completion Tay's ( 1999) first-order regressive model has been repl icated using EBTs and then 
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re-analysed using the remaining four road safety statistics (see Table 22 below). 

Table 22. Tay's ( 1999) Autoregressive Model using Different Outcomes 

As found by Tay (see page 30), the Durbin Watson statistics for a l l  of the models in Table 22 

above ind icate that there is no conclusive evidence of positive first-order serial correlation in 

the time series (n  = 63, k = 4 at the 0.0 1 level of significance). All of the calculated Durbin 

Watson statistics a re close to 2 and well above the upper l imit of the test (du) ind icating that 

we can accept the nu l l  hypothesis that p = 0 - there is no evidence of either positive or 

negative autocorrelation (Ramanathan, 1998). 

Unsurprisingly, given the results of the Durbin Watson test for autocorrelation, the findings in 

Table 22 above are very simi lar to those found using Tay's basic model in (page 80). Models 

13 (a) through to (e) mirror the findings and conclusions derived from the results of the 

repl ication of Tay's basic model. The only departure from the findings of the previous series 

of replications of Tay's basic model is the insign ificance of the advertising estimate for Model 

13(e). 

Overa ll, the use of Tay's recommended a utoregressive modification to the Macpherson and 

Lewis model has resulted in no significant estimates of a reduction in road safety outcomes as 

a result of the i ntroduction of the road safety advertising. Moreover, the results ind icate that 

factors other than SRSP advertising are significantly affecting road safety statistics. 
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3.5.5 Replications of Tay's (1999) Structural Change Model 

Tay's last series of models tested for the presence of a structural change in  the relationship 

between EBTs and the road safety advertising after the implementation of the SRSP. Tay 

maintains that without a test for structura l  change, the estimates for the advertising wil l just 

indicate whether drink-drive advertising in general (pre and post SRSP) has had any impact 

on drink-driving behaviour and wil l  not provide any indication of the success or fai lure of the 

advertising associated with the SRSP. 

To estimate a structura l  change Tay created two new variables, DSRSP and Sadstock. A 

statistically significant and negative coefficient for Sad stock wil l indicate that the SRSP 

advertising has had a larger impact than road safety advertising in genera l .  A non-significant 

Sadstock and a sign ificant and negative coefficient for DSRSP would indicate that the SRSP 

campaign has been effective in reducing road safety statistics without changing the structural 

relationship between advertising and the outcomes. Once again, the EBT model - model 

14(a) - represents the closest repl ication and was subsequently repeated using the series of 

statistics . 

Table 23. Tay's ( 1999) Structural Change Model using Different Outcomes 

Model 14(a) using EBTs ind icates that CBTs and trending factors have significantly increased 

the level of the road safety statistics - in this instance drink-driving. This result is similar to 
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the EST-based models in the p revious repl ications here - see Models 12(a) and 13(a). 

However, none of the other models in Table 23 repeat this finding. 

Factors that trend upwards over time have significantly reduced road safety statistics in two 

of the models - 14(c) and (e). Once again, this finding is consistent with previous 

repl ications in the current study that have utilised these outcomes - see Models 3(a), 3(b), 

S(a), S(b), 6(c), 6(d), lD(c), 1O(d), 12(c), 12(e), 13(c), and 13(e). The reducing effect of the 

trend is consistent a nd prominent across a l l  the model specifications and estimation 

procedures when using serious and high a lcohol hour crashes. 

In Table 23 above, only one model conta ins a significant estimate for the Sadstock, the EST 

Model 14(a) .  This model suggests that there is a structural change in the relationship 

between the advertising and d river behaviour fol lowing the introduction of the SRSP. The 

post-SRSP implementation advertising has had a larger impact than road safety advertising 

prior to that period. 

The insignificance of the DSRSP variable in a l l  the models here strongly indicates that the 

implementation of the SRSP on its own has not had an impact on driving behaviour. 

However, the raw Adstock estimate is significant for Models 14(c) and (e). It wou ld appear 

from these models that the SRSP advertising has significantly reduced serious crashes and 

high alcohol hour serious crashes. The actual estimates are very similar to those found in the 

previous replications here although in many of those models the advertising variable was not 

statistica lly significant - see Models 3(a), S(a), 13(c), 13(d), and 12(c). In  contrast to the 

previous replications, the all theme adstock estimates a re only now significant with the 

presence of the DSRSP and Sadstock variables. Moreover, neither the DSRSP nor Sad stock 

variables are statistica l ly significant in Models 14(c) or (e). Therefore, the sensitivity of the 

adstock estimates to the inclusion of the questionable DSRSP and Sadstock variables weakens 

the find ings. 

3.5.6 Summary of the Replications of Tay (1999) 

Tay ( 1999) cla imed that the SRSP advertising had significantly reduced the level of drink­

driving in New Zealand across the period October 1993 to October 1996. However, using a 

longer time series, October 1993 to December 1998, that encompasses the first three years 

of the SRSP, and a series of road safety statistics, the results of the reanalysis presented in 

Tables 21 to 23 do not provide a consistent estimate of the advertising's effectiveness. 
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The summary of the findings from the replication of Tay's ( 1999) models have been split over 

two tables. Table 24 contains the estimated effects and their d irection for Tay's basic model 

- Model 12 series - and the autoregression model - Model 13 series - whereas Table 25 

contains the estimated effects for Tay's structura l  change model - Model 14 series. 

Table 24. Summary of Estimated Effects from Repl ications of Tay's (1999) Basic 
Model and Autoregression Model 

Road Safe Outcome 

EBTs Fatalities 

Variables 
Advertisin 
CBTs + + 
Trend 
December + + + 
Shaded cells indicate a statistically significant effect at the 0.05 level. (12) Basic model. 

Table 24 shows that whi le the majority of the estimates for the advertising indicate a 

reduction in the road safety statistics, on ly one model - 12(e) - produced a significant effect. 

In a repetition of the findings from the other replications, factors trending upwards have 

significantly increased EBTs and Sign ificantly reduced serious and high a lcohol hour crashes. 

The month of December is related to an increase in the road safety statistics in a l l  but one of 

the models in Table 24, but the effect is only significant for the conviction  and high a lcohol 

hour crash based models. 

Table 25. Summary of Estimated Effects from Replications of Tay's (1999) 
Structural Change Model 

HAH 
EBTs Fatal ities 

In Table 25 the estimated effects for the trend and the month of December have remained 

unchanged from the previous replications of Tay ( 1999) despite the changes in the model's 

specification .  Tay's ( 1999) original model estimated a Significant interaction between the 
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advertising and the SRSP (Sadstock) thereby indicating the SRSP advertising had a larger 

impact than the pre-SRSP advertising. This result has only been repeated in the EST model -

Model 14(a) - here. Once again, there is no consistency in the findings across the proposed 

modell ing approaches or the road safety statistics in terms of the effectiveness of the 

advertising.  

The final replication in this thesis is  of Tay's (2001 )  model of the SRSP campaign that was 

developed as an improvement to the approached used by Cameron and Vulcan ( 1998) and 

White et al (2000a) .  
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3.6 Replication of Tay's (2001) Evaluation of the SRSP Road Safety Advertising 

3.6.1 Introduction 

Following on from Cameron and VUlcan's ( 1998) evaluation of the SRSP and the subsequent 

modification of their approach by White et al (2000a), Tay put forward yet another version of 

the model. Tay claimed his model showed that the SRSP advertising had led to a g reater 

decline in serious crash numbers than was evident prior to the implementation of the 

campaign. In order to come to this conclusion Tay created some new interaction terms, CBT­

trend, and Advert-trend. 

CBT-trend was a combination of a dummy variable for the introduction of CBTs - from April 

1993 - and the trend variable. A significant and negative va lue for CST-trend would indicate 

an increase in the existing decline in crash numbers fol lowing the introduction of the CBT 

campaign. Similarly, he created the Advert-trend variable by combining a dummy variable to 

represent the SRSP advertising - from October 1995 - and the trend. A significant and 

negative value for the Advert-trend variable would indicate an  increase in the existing decl ine 

in crash numbers fol lowing the introduction of the SRSP advertising . While the CST-trend 

variable in Tay's model was non-significant, the Advert-trend was both significant and 

negative. Tay a rgued that this showed that the SRSP advertising had been successful over 

and above the existing downward influences on crash numbers. 

3.6.2 Specification of Replication Models 

Tay (2001) used serious crashes as the dependent variable in his modification of Cameron 

and Vulcan ( 1998) and White et al (2000a). Consistent with the other replications here, five 

road safety statistics will be used in the replications in  the following order: 

(a) Positive evidential breath tests (EBTs) - as per Tay's (1999) eva luation 

(b) Drink-drive convictions 

(c) Serious crashes 

(d) Fatal ities 

(e) High alcohol hour serious crashes 

Serious crashes - model 15(c) will represent the closest replication . 
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The fol lowing independent variables are used in each model : 

• New car registrations 

• Trend 

• Compulsory breath tests (CBTs) 

• CBT-Trend 

• Advert 

• Advert-trend 

• July, August, and September dummy variables 

Note that CBTs is represented here in the replication as monthly CBTs. As was the problem 

in the previous replication of Cameron & Vulcan ( 1998) and White et al (2000a), it was not 

viable to use a dummy variable for CBTs as the program was implemented prior to the 

beginn ing of the analysis data set. The change to the CBT variable wil l  a lso affect the 

calculation of the CBT-trend variable. 

Moreover, monthly data is used here, as opposed to the quarterly data used in  the original 

study, to maintain consistency with the other replications. As a resu lt, the third q uarter 

seasonal dummy variable used by Tay is replaced with three monthly dummy variables to 

represent the same period . 

3. 6.3 Discussion of Replication Models 

Table 26 on the next page contains the results from the replication a nd extension of Tay's 

(2001)  model of the SRSP campaign. Model lS(e) using high alcohol hour serious crashes 

includes a sign ificant negative estimate for Advert-trend to support Tay's orig inal  claim.  Two 

other models contain a negative val ue for this variable - Models lS(b) using convictions and 

lS( c) using serious crashes - but neither is significant. Moreover, the other s ignificant 

estimates from the series are positive - CBTs (Model lSa using EBTs, and Model lSb using 

convictions) and Advert (Model lSb using convictions, Model lSc using serious crashes, and 

Model lSe using high a lcohol hour serious crashes). The significant estimates for Advert 

suggests that the campaign has resulted in an  increase in convictions, serious crashes and 

high a lcohol hour  serious crashes. Likewise, the level of CBTs is related to increases in EBTs 

and drink drive convictions. The latter may be explained by the coincid ing of i ncreases and 

decreases in the number of breath tests with expected increases and decreases in crash 

numbers and dr ink-drive behaviour. Once again, the issue of the possib i l ity of two-way 

relationships in the data wi l l  be discussed in Chapters 4 and 5 .  
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Unl ike the other models in this series, the trend is only estimated to have a significant effect 

on drink-drive convictions. However, this finding is possibly the result of the use of two trend 

interactions in the same model that wil l account for most of the trend's explanation in the 

dependent variables . Likewise, as pOinted out by Macpherson (2003), the Advert-trend and 

Advert variables a re potential ly sensitive to the inclusion or omission of the eBT and eBT­

trend variables, and Tay's choice of new car registrations as the economic indicator rather 

than the number of unemployed. 

Table 26. Tay's (2001) Model using Different Outcomes 

1. Models also include three seasonal variables (July, August, and September) to represent the Quarter. 
* Statistically significant at 0.05 level. ** Statistically significant at 0.01 level. Note: Full results provided on pages 
207 to 211 .  

3.6.4 Summary of Replication of Tay (2001) 

Once again, despite varying the road safety statistic used as the dependent variable little 

conSistency can be found within this series of replications. Looking across a l l  the advertising 

estimates (Advert and Advert-trend) there is little conSistency in either the di rection or 

significance of the effects. Likewise, when spl itting the advertising estimates between EBT­

based models a nd crash-based models, there is still no conSistency in the measures of 

advertising effects. 
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3.7 Su mmary of the Replications 

If a measure is to be considered robust we would expect to see some consistency in the 

estimates produced using that approach. In order to detect whether this is the case, it is 

necessary to compare the various models. To this end, Table 27 contains a summary of the 

advertising estimates taken from the replications that have been undertaken here. The 

results from the replications wil l be discussed first in terms of the road safety outcomes and 

then, more importantly, in terms of the advertising models that have been replicated. 

Table 27. Summa ry of Advertising Effects across the Replications and Outcomes 

Road Safety Outcome 
EBTs Drink-drive Fata lities Serious 

Convictions Crashes 
HAH Serious 

Crashes 
Replications 
Macpherson & Lewis 
• All-theme Adstock 
• Drink-Drive Adstock 

Cameron & Vu/can 
Model (a)l 
• SRSP 95/96 
• SRSP 96/97 
• SRSP 97/98 

Cameron & Vu/can 
Model Jb)2 
• SRSP 95/96 
• SRSP 96/97 
• SRSP 97/98 

White eta/ 
Model (ai 
• SRSP 95/96 
• SRSP 96/97 
• SRSP 97/98 

White et a/ 
Model (W 
• SRSP 95/96 
• SRSP 96/97 
• SRSP 97/98 

Tay (1999) 
• All-theme Adstock3 

• All-theme Adstock4 

• All-theme AdstockS 

• Sadstock 
• DSRSP 

Tay (2001) 
• Advert 

+ 

+ 

+ + 

, ; • • 1'" 

+ + + 

+ 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

• Advert-trend + + I'�:���,*"t'i�� 
1. Model with new cars as the economic indicator. 2. Model with unemployment as the economic indicator. 3. 
Advertising from Tay's basic model. 4. Advertising from Tay's autoregression model. 5. Advertising from Tay's 
structural change model. 'Shaded cells indicate a statistically significant effect at the 0.05 level . 
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3.7.1  Positive Evidential Breath Tests (EBTs) and Drink-Drive Convictions 

Drink-drive convictions are the resu lt of positive breath tests and the vast majority of these 

wil l be in the form of ESTs, so it is not surprising that these two EST-based statistics have 

produced similar estimates of the SRSP advertising effectiveness. Of a l l  the significant effects 

produced across the replications, ESTs and convictions account for 56%. However, only 24% 

of these sign ificant EST-based effects indicate a reduction in drink-drive behaviour resulting 

from the advertising. Therefore, models using EST-based measures of success largely 

indicate that the road safety advertising is related to a significant increase in drink-drive 

behaviour. The SRSP advertising has not been effective in changing driver behaviour using 

this measure. 

3.7.2 Fatalities 

Models based on fatalities produced quite contrasting findings to the EST-based models. It is 

not surprising, g iven the nature of road fatal ities, that there a re no significant estimates for 

any of the models. The occurrence of a road fatal ity wil l contain  a large random component, 

so this broad outcome is unl ikely to be useful for estimating the effectiveness of road safety 

initiatives. Despite this l imitation, road fata lities are commonly used in  claims made by pol icy 

makers regarding the effectiveness of road safety advertising and enforcement. In terms of 

the direction of the coeffiCients, all but two of the estimates from fatal ity models were 

negative - a lbeit non-sign ificant. Using this outcome as the measure of success, it would 

appear that the SRSP advertising has been unsuccessfu l at reducing their incidence. 

3.7.3 Serious Crashes and High Alcohol Hour Crashes 

Serious crashes and its subcategory, high a lcohol hour serious crashes, have featured 

prominently in previous evaluations of the Victorian advertising campaign and have found 

favour with policy makers as they are regularly translated into cost and benefit functions .  

When these statistics are used to assess the SRSP campaign, the results are inconclusive. 

Estimates of increases in crashes account for 50% of all the Significant effects produced using 

these two crash-based statistics. If Significance is disregarded, the proportion of positive 

effects to all estimated effects for these two outcomes reduces to 39%. In addition, serious 

and high a lcohol hour crash-based models have resulted in fewer significant estimates than 

the EST-based models. 

No conSistency was found across a l l  the road safety outcomes used in the replications. 

However, some uniformity was found when the outcomes were divided into EST-based and 
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crash-based measures. EST-based models indicate that the SRSP advertising was l ikely to 

result i n  a n  increase in drink-drive behaviour, whereas crash-based models were, as a whole, 

inconclusive. The next step in this summary is to review the robustness of the advertising 

models. 

3.7.4 Replicated Advertising Models 

The consistency of the resu lts for each of the advertising models is the principle focus of the 

research objective. If a measure of road safety advertising is to be considered as robust, we 

would expect that the estimates would general ise across similar road safety statistics. 

3.7.4. 1  Macpherson and Lewis 

Of the ten advertising estimates produced in  the Macpherson and Lewis replications, only two 

were sign ificant and, furthermore, they were positive. However, of a l l  the advertising 

estimates produced using the Macpherson and Lewis models, seven (70%) were negative 

indicating a reduction in the statistics, a lbeit a non-significant reduction .  

3.7.4.2 Cameron and Vu/can and White et  a/ 

The replications of Cameron and Vulcan's two advertising models produced more significant 

estimates than any of the other models here (63% of a l l  significant effects) .  Most of the 

significant effects for Cameron and VUlcan's models were positive (74%) indicating an upturn 

in the road safety statistics following the implementation of the advertising. 

However1 as we have seen with the review of White et a l  (2000a) and the corresponding 

replications, the Cameron and Vulcan models may be over-estimating the effect of the SRSP 

advertising campaign .  The replications undertaken here of White et al suggest that the 

Cameron and Vulcan models are very sensitive to the inclusion or omission of a trend 

variable. When a trend is included in the Cameron and Vulcan model 50% of the SRSP 

estimates a re now Significant and of these, 27% indicate a significant decrease in the road 

safety outcome and therefore an effective campaign.  

The results a re inconsistent in terms of direction or sign ificance across either the Cameron 

and Vulcan or the White et al models that have been repl icated here. Neither advertising 

model provides a robust measure of advertising effectiveness. 
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3 .7. 4.3 Tay (1999) 

The only significant advertising estimates using this series of models were negative in 

direction, indicating that the SRSP advertising had been successful at reducing the incidence 

of drink-drive behaviour. However, these estimates only make up 12% of all the estimated 

advertising effects for this series. The resu lts are even less compell ing when considered in 

terms of the road safety outcome used for the replications of Tay ( 1999) with only one 

significant advertising estimate for the EST, Serious crash and HAH serious crash models. 

3.7. 4. 4  Tay (2001) 

Across the five road safety outcomes, three of the advertising estimates (Advert) produced in  

the replication of  Tay (2001)  were significant and positive. These estimates ind icate the 

campaign has been ineffective in reducing drink-drive behaviour. While the two models using 

fatal ities and EBTs as the outcome were inSign ificant, this measure of advertising 

effectiveness is possibly the most consistent of those carried out in this series. Disregarding 

the use of fatalities, that failed to produce any significant advertising estimates regardless of 

the measure used, 75% of the Advert estimates were Significant and positive. However, only 

one estimate for the structural change variable was significant and, un l ike the other estimates 

for the advertising as a whole, negative in direction. 

3.7.5 Conclusions 

One thing is clear from the repl ications of the SRSP advertising models; there is no clear 

pattern or conSistency in findings whatever way you look at the results. While each model 

has been put forward by its developers as an accurate snapshot of the effectiveness of the 

SRSP advertising, there is no way to decide which is the most accurate or reliable on the 

basis of the results produced from this series of replications and extensions. The models 

have been ca refu l ly reproduced using a single set of data and then extended across a wide 

variety of road safety outcomes, and there is l ittle to no conSistency in the findings. This 

view doesn't change even if we divide the road safety statistics into EBT-based and crash­

based outcomes. As a resu lt, despite the series of repl ications and extensions there has been 

l ittle progress in finding a robust measure of the road safety advertising's effectiveness . 

However, in h indsight a l l  of the models advanced thus far by the researchers a nd repl icated 

here share one common l imitation that may restrict their abi l ity to capture the effect of the 
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SRSP campaign. All the models are single equation models. A single equation model is 

suitable for estimating relationships where there is a clear direction of causal ity from the 

independent variables to the dependent variable. However, some of the results here g ive us 

good reason to bel ieve that a number of two way relationships may exist within the elements 

we have accounted for in the models. This possibil ity appears to have escaped the attention 

of the majority of the road safety advertising researchers to date but it was al luded to by 

Macpherson and Lewis ( 1996) and subsequently by Lewis (2001) .  

Across the repl ications undertaken here using a wide variety of  approaches and road safety 

statistics, a substantial number of estimated SRSP advertising and enforcement (CBT) effects 

have been found to be positive in direction . However, these positive estimates suggest that 

increases in  advertising and enforcement have led to increases in  road safety statistics such 

as serious crashes and EBTs. On the face of it, this finding appears incongruous. However, 

there is a simple explanation. Policy makers, faced with l imited resources, will co-ordinate 

higher levels of advertisi ng and enforcement with expected increases in road accidents and 

related driving behaviours. In effect, the co-ordination of road safety in itiatives with 

antiCipated increases in road accidents represents a two-way relationship. This causes a 

problem for single equation methods, such as those uti l ised so far by the researchers 

attempting to estimate the effect of the SRSP campaign .  Single equation models are unable 

to take into account two-way relationships. Instead two-way relationships require the use of 

a multiple or simultaneous equation modelling procedure. 

The next chapter introduces two stage least squares, a procedure that under certain 

conditions wil l  produced unbiased estimates of a multiple equation system. In Chapter 5, two 

stage least squares (2SLS) will be used to estimate a series of models in a further attempt to 

identify a robust measure of road safety advertising effectiveness. 
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CHAPTER 4. TWO STAGE LEAST SQUARES (2SLS) 

4.1  Introduction 

This chapter introduces two stage least squares as a multiple equation a lternative to the 

single equation methods that have been uti l ised so far in the modell ing of road safety 

advertising. 

The rationale for using 2SLS will be provided a long with an outl ine of why this approach is 

more suitable than single equation methods for estimating two-way relationships. The 2SLS 

estimation process wil l then be described . 

4.2 Rationale 

In the previous chapter we saw that many of the estimates for the SRSP advertising and 

enforcement conta ined positive coefficients. These findings suggest that increases in road 

safety advertising and enforcement were associated with increases in road safety statistics, 

such as the number of serious crashes and drink drive convictions. However, this seemingly 

nonsensical result can be easily explained. Policymakers wil l  endeavour to use their lim ited 

resources in the most efficient manner possible. To this end, it is reasonable to assume that 

periods of higher levels of enforcement and advertising will be timed to coincide with periods 

where it is anticipated that the levels of risky driving behaviours wi l l  also be higher. 

The seasonal pattern of road safety statistics was noted previously (see section 3 .2 .2 on page 

48). Figure 11 and Figure 12 confirm the coordination of increases in advertising and 

enforcement with expected increases in road accidents fol lowing the implementation of the 

SRSP. Figure 1 1  matches monthly advertis ing (al l-theme TARPs) with monthly road fatalities. 
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fatal ities. The coordination of enforcement to periods of hig her risk (greater numbers of 

fata lities) is clear from the plot. 

Therefore, the relationship between the enforcement (and advertising) and fatal ities is, 

effectively, two-way. Not only is enforcement related to fatal ities but fatal ities are, in turn, 

related to enforcement. This situation of simultaneity presents a problem for the modell ing of 

the relationship, especial ly with the single equation models that have been advanced thus far. 

The presence of two-way relationships, or  simultaneity, renders the use of single equation 

estimation inappropriate (Johnston, 1963; Ramanathan, 1998). As will be demonstrated in 

the next section, the use of single equation methods to estimate a multiple equation system 

wil l  lead to biased and imprecise estimates. 

4.3 Single Equation Bias and 2SLS 

The ful l  statistica l model of the basic approach used by previous researchers that has been 

replicated and discussed so far can be represented by the equation below : 

Equation 6 

Under the classical assumptions, OLS estimators are best (minimum variance) l inear unbiased 

estimators (BLUE). One of the major underpinning assumptions required to ach ieve unbiased 

estimates is that the explanatory variables (the xs) are independent from the disturbance 

term (el) ' If this assumption does not hold, OLS estimators a re known to be biased. 

However, some of the explanatory variables in this basic model a re l ikely to be endogenous 

variables, that is, the levels of CBTs and Adstock are themselves l i kely to be determined 

with in the decision making system used by the law enforcement agencies. For example, the 

number of tests carried out (CBTs) over a particular time period is probably determined by 

how the agencies th ink drivers wil l  behave at different times of the year. The same applies to 

Adstock. The equation determining Y1 should probably be written: 

Equation 7 

Where Y2 and >'3 (previously Xl a nd X2 in Equation 6), are CBTs and Adstock 
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Similar expressions can be written for these two (now endogenous) variables. 

Where Y2 and Y3 (previously Xl and X2), are CBTs and Adstock 

Equation 8 

Equation 9 

There are now three equations, cal led structura l  equations, i n  the system. The parameters of 

these equations are known as structural parameters. Since, i n  this system, Yl is dependent on 

el (Equation 6), and Y2 is dependent on Yl (Equation 7), el m ust be dependent on Y2, and the 

basic assumption is broken for estimating Equation 6 .  

For instance, writing Equations 7 and  8 i n  their l inear form (without the constants for 

convenience of expression), and ca l l ing them Equations 10 and 1 1 :  

Equation 1 0  

Yz = (a2 1 �  + a23i; + b23X3 + b26X6 + b27x7 + e2 ) 

Equation 1 1  

It can easily be seen by substituting equation 1 1  for Y2 i n  equation 1 0  that Y2 is a function of 

the error term el' 

The same applies to equations 7 and 8 .  It is therefore not appropriate to estimate the 

parameters of any of the structura l  equations with a single equation least squares model. 

The solution is to form a new set of equations, called reduced form equations, which express 

a l l  the endogenous variables in terms of exogenous variables on ly, and estimate the 

parameters of these reduced form equations. This can a lways be done because there are 

three equations (6, 7 and 8) and three unknowns ( Y1I Y2and Y3) .  

I t  i s  the structura l parameters that are of  most interest; in particular the effect of advertising 

and it is thus important to be able to derive the structural estimates from the reduced form 
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estimates, and this is where a problem may arise, known as the " identification" problem. 

If it is not possible to derive the structural estimates of the parameters in an equation from 

the estimates of the reduced form estimates, the equation is said to be "under identified". If 

it is possible to derive unique values of the structural estimates of parameters, the equation is 

said to be "exactly identified". If more than one estimate of any of the parameters of a 

structura l equation can be derived, the equation is said to be "over identified". The conditions 

for identification a re wel l known a nd were set out by Johnston (1963) as the "rank  condition"  

of identifiability. 

"For any relation in a system to be identifie� the rank of the matrix of coefficients of 

variables excluded from that relation must equal the total number of relations minus 

one'� 

For the purposes of this argument, the "rank" is the number of excluded variables. If the 

number of excluded variables is less than  the " the total number of relations minus one'; then 

the equation (relation in Johnston's terminology) is over identified . 

The system described is over identified and two stage least squares (2SLS) is a recognised 

technique for deriving estimates of the parameters of an over identified equation.  In essence, 

in stage 1 of 2SLS each of the endogenous variables is regressed on al l  the exogenous 

variables, and the "predicted" values of the endogenous variables from each of these 

regressions are computed. The second stage then estimates the structural equations as they 

stand, but with the raw data of the endogenous variables replaced by these "predictions". 

Modern routines, such as those used by SPSS, are much more efficient than the procedure 

described above at estimating the 2SLS estimates, but the effect is the same. 

4.4. Appl ication of 2SLS 

While 2SLS has been predominantly used by researchers in the field of economics, it has a lso 

been util ised in a large variety of research situations - for example: a lcohol, drugs and violent 

crime (Markowitz, 2000), technology diffUSion (Xu, 2000), contraceptive use ( Bol len, Guilkey, 

& Mroz, 1995), product development (Sh ih & Venkatesh, 2004), crime trends (Triggs, 1997), 

University funding ( Payne, 1999), privatisation of firms (Li & Rozelle, 2001 ), income 

distribution (Si lverstone & Gibson, 2003), union membership (Koeller, 2001), labour market 

forces (Astor & Houseman, 2005), political campaign strategies (Reeves, Chan, & Nagano, 
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2004), auto insurance (Grace, Klien, & Phi l ips, 2001), direct-to-consumer advertising (Ling, 

Berndt, & Kyle, 2002), and measuring the relationship between vehicle speed and income 

levels (Fosgeraus, 2005) . 

A comprehensive l iterature search indicates 2SLS has never been applied to the evaluation of 

road safety initiatives, or even more specifical ly, to the eva luation of road safety advertising. 

4.5 2SLS Variable Definitions 

2SLS modell ing requires the analysis variables to be divided into four discrete classifications: 

• Endogenous dependent variables 

• Endogenous explanatory variables 

• Exogenous explanatory variables 

• Exogenous instrumenta l variables. 

A variable is endogenous in a 2SLS model if it is at least partly a function of other parameters 

in the model. This is as opposed to an exogenous variable that is not determined by other 

parameters and variables in the model but is set external to the system being modelled a nd 

any changes to these variables comes from externa l  forces. Of the set of endogenous 

variables, one is chosen to be the dependent variable - for this thesis the variable will be a 

road safety outcome. The remaining endogenous variables are specified as explanatory 

variables and are therefore the dependent variables in the first stage of the 2SLS estimation 

process. 

An exogenous variable is not determined by other parameters and variables in the model but 

is set external to the system being modelled and any changes to these variables come from 

externa l  forces. The type of variables that would be classified as externa l to the road safety 

system would be seasonal factors and trend factors a nd variables used as economic 

ind icators. 

I nstrumental variables a re exogenous variables used in the first stage of the 2SLS procedure 

to create the 'instruments'. Effectively, the first stage of the 2SLS procedure involves a series 

of regression equations where the instruments are regressed against the endogenous 

explanatory variables. In the second stage of the 2SLS procedure the dependent variable is 

regressed not on the original endogenous explanatory variable but on the predictions arising 

from the first stage. The predicted versions of the endogenous explanatory variables 
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represent the exogenous variation in the orig inal explanatory variables. 

4.4 Conclusion 

The use of single equation estimation methods such as OLS will I�ad to biased estimates if 

the ana lysis situation or system contains simu ltaneous equations between the variables of 

interest. Two stage least squares is an  appropriate method for estimating a mutliple equation 

system and will lead to better estimates of the effectiveness of the road safety advertising. 

The results of the repl ications provide enough reason to suggest the existence of at least two 

relationships that a re simulataneous (two-way) - the relationship between enforcement and 

road safety statistics, and the relationship between the advertising and. the road safety 

statistics. Furthermore, we can a lso logically deduce from the situation that policymakers wil l  

target increases in both enforcement and advertising to periods where they expect risky 

driving behaviours wil l  be greater. 

Therefore, the next chapter wil l explore the use of 2SLS estimation in the evaluation the 

effect of the SRSP advertising campaign on a series of road safety outcomes using a single 

set of data. Once again, the objective of this chapter will be to identify a robust measure of 

the effectiveness of the road safety advertising. 
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CHAPTER S. 2SLS MODELS FOR ROAD SAFETY ADVERTISING 

5.1  Introduction 

This chapter wil l  explore the use of 2SLS in the estimation of the effects of the SRSP 

advertising campaign .  The 2SLS models will use the same data set as was used for all the 

replications reported in Chapter 3 and once again the time series wil l  span from October 1993 

through to December 1998 encompassing the first three years of the SRSP campaign .  

However, before the findings of  the 2SLS models are discussed, the data rationale and 

characteristics wi l l  be examined. The data section wil l be fol lowed by the procedure used for 

the estimation of the 2SLS models of the road safety advertising. 

5.2 Data for 2SLS Models - Rationale and Characteristics 

The variables to be used in the 2SLS models wil l  be divided into the fol lowing categories: 

• Endogenous dependent variables 

• Endogenous explanatory variables 

• Exogenous explanatory variables 

• Exogenous instrumental variables. 

The following notation wil l  be used to identify the variables: 

• Endogenous dependent and explanatory variables denoted as Ynk 

• Exogenous explanatory variables denoted as Xnk 

• Exogenous instrumental variables as Znk. 

Unl ike the models analysed in Chapter 3, the 2SLS models a re not based on a previous study 

and therefore their specification is required to be justified . As a consequence, the fol lowing 

variable sections wil l  serve two purposes : one, to introduce a nd describe the variables, and 

two, to provide the rationale for the variables inclusion in the 2SLS advertising evaluation 

models. 
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5.2.1 Endogenous Dependent Variables 

Chapter 3 explored, among other issues, the use of a series of road safety outcomes. This 

chapter extends this approach slightly in the context of 2SLS model l ing. The road safety 

statistics a re the central focus of each specific evaluation model of the road safety 

advertising. Therefore, the road safety outcomes are hypothesised in the current study to be 

a function of other variables in the model - hence they a re endogenous. The choice of road 

safety outcomes for Chapter 5 is determined partly by previous research into the 

effectiveness of road safety advertising and partly by usage by policy makers . ESTs ( Y1a), 

drink-drive convictions ( Y1b), serious crashes ( Y1c), fatalities ( Y1d), and high a lcohol hour 

crashes ( Y1e) have each been discussed in deta il in Chapter 3 (see page 48). These statistics 

wi l l  again be used in the 2SLS section of the ana lysis on the same basis that they were used 

in Chapter 3 .  In addition to these variables, the 2SLS analysis will i nclude the following road 

safety outcomes : 

• Alcohol-related Serious Crashes ( Y1f) 

• Alcohol-related Fatal ities ( >'1g) 

These variables wil l  each in turn be described and their characteristics examined .  

5.2. 1.1  Alcohol-Related Serious Crashes (Ylf) 

Traffic crash reports (TCR's) are generated for any traffic accident attended by a Pol ice 

Officer. The definition of whether a crash is a lcohol-related is typica l ly formed as part of an  

Officer's self-assessment at  the time or fol lowing subsequent blood tests . Tay (2003) 

expressed a number of concerns about the va lidity and reliabil ity of a lcohol-related crashes as 

a measure of drink-drive behaviour. As the severity of the crash increases, the percentage of 

drivers that are blood tested decreases. Therefore, the majority of the classifications of 

accidents as a lcohol-related rely on the attending Police officer's judgment. Even using the 

blood a lcohol l imit (SAC) to attribute cause is a lso of dubious value because the presence of 

an i l lega l  blood a lcohol level does not necessarily mean that this was the actual cause of the 

accident. Despite these potential l imitations the use of alcohol-related serious crashes may 

offer a sl ightly different perspective of the effectiveness of the SRSP advertising that has not 

been captured by the other alcohol-related outcomes that have been used so far in Chapter 

3. For example, high-alcohol hour serious crashes include a large number of non-alcohol 

related accidents and therefore may underestimate the effect of drink-drive advertisements 

on drink-drive behaviour. 
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Data for a lcohol-related serious crashes was available from January 1990 through to 

December 1998 (see Figure 13). As with serious crash numbers, it is clear from the g raph 

that a lcohol-related crashes have also been in  decline since well before the implementation of 

the SRSP television advertising campaign. 

SRSP implemented > 
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Figure 13. Alcohol-Related Serious Crashes - January 1990 to December 1998 

For the ana lysis period, a lcohol-related crashes, peaked in December 1995 and have reduced 

to lower levels ever since (see Figure 14). A number of peaks are evident in the data with 

months of h igher levels of alcohol-related crashes generally fol lowed directly after by months 

with lower levels - hence the jagged profi le. However, there is a suggestion of lower levels  

of variation and a sl ight downward trend from December 1995 onwards that is possibly a 

continuation of the trend highlighted in  Figure 13 .  
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Figure 14. Alcohol- Related Serious Crashes -October 1993 to December 1998 

5.2. 1.2 Alcohol-Related FatalIties (Y1g) 

Road accident fata l ities can be broken down further i nto a series of categories based on the 

likely cause of the accident. Alcohol-re lated fatal ities are road accident fata l ities that are 

either classified by the attending Pol ice officer's self-assessment at the time of the accident or 

fol lowing subsequent blood tests . The l imitations raised by Tay (2003) about alcohol-related 

serious crashes equally apply to fata lities. More specifica l ly for road fatal ities, Tay (2003) has 

suggested that as the severity of the accident increases the reliance on subjective assessment 

of the cause of the accident a lso increases. As a resu lt, the classification of fata l ities as 

a lcohol-related is largely based on the subjective assessment of the attending pol ice officer. 

Despite, these potential limitations, narrowing the focus to another a lcohol-related measure 

may help isolate the effects of the SRSP advertising that may not be discernable using 

broader outcomes. 

Since January 1990 monthly a lcohol-related fata lities, l ike other crash statistics in New 

Zea land, have been gradually trending downwards and this trend has largely continued 

fol lowing the introduction of the SRSP campaign in October 1995 (see Figure 15 on the next 

page). 
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Figure 15. Alcohol-Related Fatal ities - January 1990 to December 1998 

In Figure 16 alcohol-related fatalities show a similar pattern to the tota l number of road 

fata l ities. However, on closer inspection, the month of December does not feature as 

prominently as it does with overal l  fatal ities. It would appear that a lcohol-related fatalities 

tend to peak in the month of November. The period after October 1995 has noticeably less 

variation than before and the downward trend i l lustrated in Figure 15 appears to be leveling 

off slightly. 
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Figure 16. Monthly Alcohol-Related Fatal ities - October 1993 to December 1998 
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5.2. 1.3 List of Endogenous Dependent Variables 

In summary, the Endogenous dependent variables to be used in this chapter is as follows: 

.. EBTs ( Y1a) 

.. Drink-drive convictions ( Y1b) 

.. Serious crashes ( Y1C) 

.. Fatal ities ( Y1d) 

• H igh  alcohol hour serious crashes ( Yze) 

.. Alcohol-related serious crashes ( Y1f) 

.. Alcohol-related fatalities ( Y1g) 

5.2.2 Endogenous Explanatory Variables 

The remaining endogenous variables i n  the 2SLS models wil l  be CBTs (enforcement) and a 

measure of advertising. The plann ing of Police and LTSA's limited resources assigned to the 

two elements of the SRSP will be set to coincide with periods when it is anticipated that levels 

of poor driving wil l be h igher. For example, CBTs and SRSP advertising regularly increased 

during the pre-Christmas period in anticipation of an expected increase in drink-drive 

behaviour. Therefore, using the EBT outcome as an example, not on ly a re EBTs partly a 

function of CBTs and the SRSP advertising, but both the SRSP advertising and CBTs are also 

partly a function of EBTs. All these variables are partly explainable by parameters within the 

system and are therefore, by definition, endogenous. 

However, there are some issues with these variables that need to be discussed in the context 

of their use in 2SLS. 

Firstly, the issue of the separation of the SRSP advertising and enforcement effects will be 

examined and then the alternative measures of road safety advertising wil l be d iscussed . 

5.2.2.1 Separation of SRSP Advertising and Enforcement 

Advertising and enforcement make up the two key components of the SRSP campaign. While 

the focus of the current study is to estimate the effects of the advertising cam paign, it is 

necessary to separate out the effect of the advertising from the effect of the enforcement. 

The separation of enforcement and advertising presented difficulties in the analysis of the 

Victorian campaign as the two countermeasures were strongly al igned with one another. 
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This al ignment of enforcement and advertising was one of the key characteristics of the 

Victorian road safety campaign.  Fortunately, from a mode l ing perspective, previous 

evaluations of the New Zealand SRSP have shown that the two elements were not closely 

l inked or necessarily as supportive in the New Zea land campaign as they were in the Victorian 

campaign (Macpherson & Lewis, 1998; Tay, 2004, 200Sa).  Therefore, advertiSing and 

enforcement are able to be represented separately in the 2SLS models, as they were in the 

sing le equation models i n  Chapter 3. 

5.2.2.2 Adstock versus TARPs 

Cameron et a l  ( 1993) and Newstead et a l  ( 1995a) claim  that the most reliable relationships 

estimated in their models were those where the TAC advertiSing was represented by adstock 

as opposed to simple TARPs. However, Hooley and Wilson (1998) have argued that adstock 

is l ikely to overestimate the effect of the advertising because it is often serially correlated 

with the dependent variable and the error term. They a lso suggested the inclusion of a trend 

and seasonal factors in the advertising model could lead to better estimates. Broadbent 

( 1979; 1988) acknowledged this potential problem with adstock a nd suggested that it was 

preferable to look at the trend and seasonal effects separately rather than attempt to 

estimate their effect as part of the lagged advertising term. This approach is consistent with 

that used in many of the reviewed eva luations (Cameron et ai, 1993 : Macpherson and Lewis, 

1996, 1998) and the OECD (1997) principles. 

Whi le it is expected that adstock is a better representation of the levels of exposure to the 

advertising at any one time, it represents a complication when specifying the structural m odel 

for the 2SLS procedures. Factors that will be l ikely to have an effect on the levels of 

advertising wil l  bear a greater relationship to the raw TARPs than the adstock version of the 

advertising. To take this potentia l  problem into account, both forms of advertiSing are run 

separately against each dependent variable. Therefore, i f  the identification of an advertising 

effect is contingent on the form used to represent the advertising then it will still be captured 

by models contain ing the appropriate structure . 

5.2.2.3 Advertising Represented by a Step Function 

White et al (2000) has suggested that the better performance of adstock over TARPs may be 

simply because the adstock data more closely resembles a simple step function than the 

TARPs data as the contrast is very high between the levels of advertiSing before and after the 

campaign was implemented. White et al (2000) demonstrated that the level of adstock used 
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in the Victorian campaign was easily replaced with a simple dummy variable (step function) 

without a ltering the model's conclusions. They then a rgued that a step function is better 

representation of the advertising than using adstock. The underlying assumption when using 

adstock is that the relationship is quantitative and that the changes in  the monthly level of 

advertising wil l have a corresponding effect on the levels of the measured road safety 

outcome. However, if the adstock estimates a re comparable with a step-function's estimates, 

then the monthly levels are irrelevant and al l  claims of certain responses to specified levels of 

advertising a re misleading. 

In  a 2SLS model it is not possible to represent the SRSP advertising as a qual itative (dummy) 

variable. All endogenous explanatory variables must be quantitative, as they are treated as 

dependent variables in the separate regressions that form part of the first stage of the 

calculation of the estimates. Therefore, a step function is not technica l ly appropriate to 

represent the SRSP advertising in the 2SLS models. For this reason, a step function wil l  not 

be used to represent the road safety advertising. 

5.2.2.4 Summary of Endogenous Advertising and Enforcement Variables 

As with Chapter 3, the SRSP campaign will be represented by two claSSifications of road 

safety advertising content. All-theme wil l be used to represent the overal l  SRSP advertising 

campaign during the ana lYSis period, namely, drink-drive, speeding, and seat belt restraint. 

Likewise, drink-drive will be used to represent the advertisements solely aimed at curbing 

drink-drive behaviour. 

In  summary, SRSP enforcement wil l feature in a l l  the 2SLS models while the SRSP advertising 

and enforcement will be represented in separate models by the alternative measures. 

The complete list of explanatory endogenous variables for the 2SLS models are :  

• All-theme TARPs ( Y2a) 

• Drink-drive TARPs ( Y2b) 

• All-theme adstock ( Y2c) 

• Drink-drive adstock ( Y2d) 

• Compulsory breath tests (CBTs) ( YJ) 
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5.2.3 Exogenous Explanatory Variables 

The fol lowing variables have been specified as exogenous to the road safety system being 

ana lysed and a lso classified as explanatory variables : 

• Number unemployed (X4) 

• New car registrations (xs) 

• Trend (X6) 

• Monthly seasonal dummy variables (Xl-Jl) 

The rationale for the inclusion of each of the exogenous explanatory variables into the 2SLS 

models wil l now be discussed. 

5.2.3.1 Unemployment (X4) 

The monthly rate of unemployment is used here as the proxy for economic conditions. Using 

the OECD ( 1997) road safety model ling principles, an economic indicator represents part of 

the socio-economic factor that has been shown to influence aggregate road safety data . The 

number of unemployed has been found to be negatively related to fata lities and serious injury 

accidents (Hakim et a l . ,  1991; Newstead,  Cameron et a l . ,  1995a) and to EBTs (Macpherson & 

Lewis, 1998) and serious crashes in New Zealand (Cameron & Vulcan, 1998; White et a l . ,  

2000a).  It  is hypothesised that the number of unemployed wi l l  have a similar relationship 

with the dependent variables to be used in the 2SLS models. That is, an increase in the rate 

of unemployment wil l act as an  ind ication  of people's abi l ity to purchase a lcohol and their 

total mi leage driven (Hakim et a l . ,  1991) .  

Economic conditions are clearly exogenous in that they are determined external to  the road 

safety system being modelled but they a re expected to have an effect on the endogenous 

dependent variables used in the 2SLS models - the road safety outcomes. The pattern of 

Unemployment data over the ana lysis period has been provided in Figure 20 on page 157. 

5.2.3.2 New Car Registrations (xsJ 

New car registrations have occasionally been used in road accident modeling as a n  economic 

ind icator (Cameron & Vu lcan, 1998; White et a l . ,  2000a) .  However, the OECD (1997) expert 

g roup on road safety modeling argues that the size and structure of the transportation sector 

has been found to influence road accident data. This would suggest that the number of new 
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cars is an indication of exposure when modeling road accidents. Sut the number of cars on 

the road would not be expected to increase exposure to be caught drink-driving . On the 

other hand, the number of cars on the road could possibly increase the probabi lity of being 

involved in an accident. Therefore, for the EST-based models - Models 16(a-d) in Table 29 

and Models 17(a-d) in Table 30 - new cars wil l  not be included, whereas for the remaining 

models, new car registrations will be included in the 2SLS models to represent the OECD 

( 1997) transportation-exposure factor. Note that new car registrations could be interpreted 

in the EST-based models as another economic indicator but unemployment is a l ready 

included in these models for that purpose. 

Once again, the number of registered cars is clearly a n  exogenous variable in terms of the 

2SLS modeling process. However, like unemployment, new car registrations is expected to 

have an effect on the road safety outcomes, as discussed above, so should be included in the 

2SLS models. The pattern of new car registrations over the analysis period has been 

provided in Figure 21 on page 158. 

5.2.3.3 Seasonal Factors (X7-17) 

Seasonal variation is represented by monthly dummy variables for 1 1  of the 12 months 

(February to December). For example, the March dummy variable was coded 1 for March 

and 0 in the other seasonal dummy variables representing the remaining 10 months. All 

months can not be represented in the models as they would perfectly explain one another. 

Monthly dummies are included in order to explain residual seasonality in the dependent 

variables over a year. When included, the dummies may represent residual variation in, for 

example, EST data, due to the effect of winter sport SOcialising, the effects of hol iday periods 

such as Christmas, or the differing number of days in each month, none of which are 

explicitly included in the 2SLS models fitted here. 

Seasonal effects a re clearly exogenous to the road safety system but are expected to affect 

driving behaviour and accident rates. 

5.2.3. 4  Trend (X6) 

The role of the general trend factor is quite different from the seasonal dummy variables. 

The residual variation in the data represented by the trend is due to factors which vary slowly 

over time in a monotonically increasing or decreasing fashion. For example, some of the 

g radual ly increasing factors that may be represented by the general trend component a re, 
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population increases, driver licensing increases, increasing safety of vehicles, gradual and 

continual improvement in the efficiency of enforcement efforts or, any other time variant, non 

seasonal factor. The trend com ponent of the models represents the average effect of all 

these other non-seasonal factors which are not explicitly included in the 2SLS models. 

To account for factors g radually increasing over time the trend variable was simply coded 1 

for the first month of the series, October 1993, and 2 for the second month of the series, 

November 1993 and so on for each of the months ending with the coding of 63 for December 

1998. 

Like seasonal factors, trend factors are clearly exogenous to the road safety system, but are 

expected to have an impact on driver behaviour and accident rates as represented by the 

dependent variables in the 2SLS models. 

5.2.4 Instrumental Variables (ztJ 

A condition of the 2SLS procedure is that the instrumental variables must have a direct or 

indirect relationship to the endogenous explanatory variables. However, the instrumental 

variables must not have a direct casual relationship to the endogenous dependent variable. 

Variables that are related to the dependent variable are not candidates as instruments as 

they wil l be correlated with the error term. To avoid this situation, exogenous variables 

representing lagged effects of the dependent variable wil l not be included in that particular 

model . For example, lagged EBTs are not used as an instrumental variable in models that 

explain the variation in EBTs. 

Exogenous explanatory variables, such as unemployment and the trend, are also added to 

both the first stage models, as instruments, and second stage models, as explanatory 

variables, to improve the precision of the estimation and to avoid simultaneous equations bias 

(Maddala, 1977). The exogenous explanatory variables have already been discussed on Page 

1 10 so they are not repeated in this section. Please note that these variables will retain their 

notation as explanatory variables (�) even though they are a lso treated as instrumental 

variables in the 2SLS estimation process. 

The instrumental variables (with the exception of the exogenous explanatory instruments) wil l 

now be discussed under the following headings : 

� Lagged Advertising 

� Lagged Enforcement 

� Lagged Road Safety Outcomes 
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5.2. 4.1 Lagged Advertising 

It is hypothesised here that current and future advertising wil l  be a function of new 

advertising objectives and past advertising . The level of advertising used i n  the previous year 

is expected to affect the levels used in the fol lowing year (the current year). It is reasonable 

to assume that the advertising agency or the LTSA would take into account the previous 

year's level of advertising when plann ing future advertising for the same period of time in the 

fol lowing year. 

TARPs are used to represent advertising in the instruments as TARPs form the raw un its for 

the purpose of media planning. Therefore, the advertising instrumental variables are: 

• All-theme TARPs - 12 month lag (ZlS) 

• Drink-drive TARPs - 12 month lag (Z19) 

Lagged advertising is matched to the theme used as the endogenous explanatory variable i n  

the model (al l-theme or  drink-drive) . I n  the 2SLS models with All-theme TARPs ( Y2a) or  AII­

theme Adstock ( Y2c) specified as the endogenous explanatory variable, the corresponding 

variable, All-theme TARPs - 12 month lag (ZlS) will be specified as the advertising 

instrumental variable. 

5.2.4.2 Lagged Enforcement 

The SRSP advertising campaign was run in conjunction with enforcement activity (CBTs) in 

line with the Victorian blueprint. As with the SRSP advertiSing, it is antiCipated that past 

levels of enforcement wil l affect the planning of future levels of enforcement. Moreover, the 

level of enforcement for the previous year and the previous month would a lso be able to be 

factored into the Pol ice's decision-making process. Therefore, previous levels of enforcement 

are represented in all the models by 1 month and 12 month lags of CBTs. 

• CBTS - 12 month lag (Z26) 

• CBTS - 1 month lag (Z27) 

5.2.4.3 Lagged Road Safety Outcomes 

Increases or decreases in the levels of advertising and enforcement wi l l  be inextricably 

related to road safety statistics from the previous year and, when the information is 
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obtainable, sometimes even from the previous month . For example, information about the 

previous month's levels of EBTs is available to the Police and the LTSA as they wi l l  have ready 

access to this information. On the other hand, conviction data from the previous month is 

not available for the fol lowing month's planning as there is a considerable lag between date 

of the offence and the subsequent conviction .  Information relating  to road safety outcomes 

is available at a number of levels and it can be expected that al l  available information would 

be taken into account when planning current and future levels of SRSP advertising and 

enforcement. 

The following points should be noted in relation to the choice of lags for the road safety 

outcomes. 

• While information from the previous month's level of EBTs will be actionable for the 

fol lowing month, information about the previous year's positive EBTs wi l l  be 

redundant as they will be replaced in the decision making process by the subsequent 

drink-drive conviction data . 

• One month lags are not specified for Alcohol-related crashes (Z23) or fatal ities (Z24)' 

The amount of time required to compile the data from blood tests and accident 

reports precludes this information being utilised for the planning of the fol lowing 

month's enforcement and advertising. 

• Simila rly, one month lags a re not specified for road injuries, serious crashes or h igh­

a lcohol hour serious crashes as this data is based on hospital admission data. The 

time required for the reporting of hospital admission data again precludes this 

information being utilised for the planning of the following month's enforcement and 

advertising . 

Therefore, the exogenous instrumental variables relating to road safety outcomes used in the 

2SLS model l ing process here are :  

• Drink-drive convictions - 12  month lag (Z20) 

• Fata l ities - 12 month lag(z21) and 1 month lag (Z22) 

• Alcohol related crashes - 12  month lag (Z23) 

• Alcohol-related fatalities 12 month lag (Z24) 

• Road injuries - 12 month lag (Z2S) 

• Positive evidential breath tests (EBTs) - 1 month lag (Z26) 

• Serious crashes - 12 month lag (Z29) 

• High a lcohol hour serious crashes - 12 month lag (Z30) 
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5.2.4.4 Fit of Instrumental Variables 

Clearly, the data used here in the instrument estimation is not exhaustive but is limited to 

information supplied by the NZ Pol ice and the LTSA. It is expected that other factors may 

infl uence the decision making process for both advertising and enforcement and while these 

wi l l  not be explicitly accounted for in the models, the variables that are included wil l  account 

for a significant proportion of the information used. 

To this end, OLS models were a lso run to estimate the fit of the instrumental variables to the 

two endogenous explanatory variables in each model - advertising and enforcement. In each 

OLS regression, the endogenous explanatory variable was regressed against a l l  the 

instrumental variables for that particular model. The fit was judged using the R2 values from 

the regression models. Clearly to be useful the instrument variables must be related to the 

endogenous variables and the R-square va lue is used here as a measure of that association .  

An R2 greater than 0 . 10  for the instruments against the endogenous variable is considered an  

appropriate level of explanation for the purposes of 2SLS (Bollen, 1996; Stock & Watson, 

2003). All the models in the current study have produced R2 values for the instrumental 

variables well above 0 . 10  with the lowest R2 being .52  for Model 19(c) of Fatalities. The R2 

va lues for the instrumental variables to the endogenous explanatory variables are provided 

with the tabulated model statistics for each series of models. 

5.2.5 Functional Form of 2SLS Models 

Typical ly the model structure for the study of road safety statistics is multiplicative, where a 

double-log transformation is used (Hakim et a l . ,  1991 ) .  The double-log function has proved 

useful when establishing the particular influence of certain factors on the outcome of road 

trauma, such as fatal ities, serious casualty crashes, and positive breath tests (Cameron et a l ., 

1993; Hakim et a l . ,  1991; Macpherson & Lewis, 1998; Thoresen et al., 1992). However, 

research conducted by Zlatoper (1987) suggested that the double-log functional form 

performed the poorest among a set of alternative functional forms. Further work on this 

issue was carried out by Tay (2000) as part of his evaluation of the New Zealand SRSP. 

Conversely, Tay concluded that there was little, if  any difference in the resulting estimates 

and conclusions between the functional forms used. This view has been g iven further 

credence in the results from the replication of Tay's ( 1999) evaluation. 

Therefore, the double-log function has been used again for all the 2SLS models. All variables, 

with the exception of the Trend, have been transformed using the natural logarithm ( e) .  
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The complete l ist of variables util ised in the 2SLS a na lysis is provided in Table 28. 

Table 28. Complete List of Variables for 2SLS Models. 

�Endogenous::vci'rlabl'es'�!:t?,ij,��"l��iR 1�il1l!?J:�*j!�i!'l\lf��W:�W�1f$:t.�!lf���� 

Dependent 
Positive evidential breath tests (EBTs) ( >'la) Drink-drive convictions (>'Ih) 
Serious Crashes (>'le) Fatalities ( >'Id) 
High Alcohol Hour Serious Crashes ( >'le) Alcohol-related Serious Crashes ( >'If) 
Alcohol-related Fatalities (>'la) 

Explanatory 
All-theme TARPs (Y:>a) Drink-drive TARPs ( Y:>h) 
All-theme Adstock ( }1c) Drink-drive Adstock ( }1d) 
Compulsory breath tests (CBTs) (>'3) 

-Exogerious variables'?$'t��;;�,��"';,i��':i1f�J �".��'k"i�cj��If��fl������*11"'4,-��f 

Explanatory 
Unemployment (.!c4) New car registrations (xsl 
Trend (X6) Seasonal dummy - Februarv(x7) 
Seasonal dummy - March (xs) Seasonal dummy - April (Xg) 
Seasonal dummy - May (X1O) Seasonal dummy - June (Xll) 
Seasonal dummy - July (Xl?) Seasonal dummy - Auqust (xd 
Seasonal dummy - September (X14) Seasonal dummy - October (X1S) 
Seasonal dummy - November (X16) Seasonal dummy- December (X17) 

Instrumental Only 
12 month lag Al l-themes TARPs (Z'R) 12 month lag Drink-drive TARPs (z,q) 
12 month laq DD convictions (zJn) 12 month laq Fatal ities (ZJ1) 
1 month lag Fatalities (Z22) 12 month lag Alcohol related crashes (Z23) 
12 month lag Alcohol related fatalities (Z24) 12 month lag Road injuries (Z2S) 
12 month lag CBTs (Z?fi) 1 month lag CBTs (Z?7) 
1 month lag Positive evidential breath tests 

lEBTs) (Z?R) 
12 month lag Serious Crashes (Z29) 

12 month lag High Alcohol Hour Serious 
Crashes (Zln) 

Note: All variables were transformed using the natural logarithm 
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5.3 Procedure for 2SLS models 

From the list of variables the 2SLS models were specified in the following manner: 

• One series of models was run for each of the road safety outcomes. 

o Positive evidential breath tests (EBTs) - model series 1 6  

o Drink-drive convictions - model series 17  

o Serious crashes - model series 18 

o Fatalities - model series 19 

o High alcohol hour serious crashes - model series 20 

o Alcohol-related serious crashes - model series 2 1  

o Alcohol-related fatal ities - model series 22. 

• Within each series, four models were specified to represent the four combinations of 

the Adstock or TARPs measure of road safety advertising and the general (al l-theme) 

and specific (drink-drive) content of the advertising. As a result 28 models (4 per 

series) were created in total .  

• Instrumental variables that represent lagged effects of the previous year's advertising 

have been matched to the corresponding advertising explanatory variables. For 

example, the previous 12 month's al l-theme advertising is a lways matched to the al l­

theme explanatory variable. 

The complete model speCifications for each 2SLS model series is provided in Appendix 2 from 

page 212.  

The findings for each 2SLS model series wi l l  be tabulated, described and briefly discussed. At 

the conclusion of the chapter the overa l l  findings wil l be examined in more detai l .  In 

particular, the fol lowing question wil l  be answered : 

• Do the conclusions differ between the measures of advertising used as the 

endogenous explanatory variable? 
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Once again, the objective of this chapter is to attempt to identify a robust measure of the 

effectiveness of road safety advertising. A robust measure of advertising will be expected to 

general ise across the road safety outcomes. Specifical ly the focus wi l l  be on:  

1 . The significance of the advertising coefficients 

2 .  The advertising coefficient's sign across the form and content used to represent the 

road safety advertising 

3. The pattern of significance and sign of the advertising coefficients across the road 

safety measures 

5.4 2SLS with Positive Evidential Breath Tests (EBTs) - Model 16 Series 

In Table 29 below we can observe that all 2SLS models using EBTs provide moderate-to-high 

levels of fit of the instrumental variables to the endogenous explanatory variables - CBTs and 

advertising - ranging from .56 to .84. These values are wel l  above the minimum acceptable 

level of . 10 indicating that the instrumenta l variables a re a useful explanation of the variation 

in the endogenous explanatory variables. Furthermore, the R2 for the final stage of the 2SLS 

models are moderate ranging from .63 to .65 indicating a good fit of the predicted variables, 

from the first stage of the 2SLS process, to the endogenous dependent variable - EBTs. 

Table 29. 2SLS Models using EBTs 

Regression Coefficient statistics 

Model 16(a) Model 16(b) Model 16(c) Model 16(d) 

Instrumental Variables 
All theme TARPs 12 mth lag (ZlS) x x ����� ��w.Jt�. 
Drink-drive TARPs 12 mth lag (Z19) f����Jtt'81ffi,�� A��i�tW��l x x 

.68 .84 .56 .83 

.83 .83 .82 .82 

.63 .63 .65 .65 
1. Eleven monthly dummy variables to represent the seasonal factors (AJ.17) are also included in the explanatory variables. 
For a full model specification see Table 37 on page 212* Statistically significant at 0. 10 level. * *  Statistically significant at 
the 0.05 level. *** Statistically significant at the 0.01 level. Full results can be found on pages 219 to 222. 
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CSTs are sign ificantly increasing the number of ESTs for the models that use al l  the SRSP 

advertisement themes - Models 16(a) a nd 16(b). Further investigation is required to 

understand why CSTs a re only significant when accompanied by the al l-theme versions of the 

SRSP advertising and this is beyond the scope of the research objective here. However, 

positive and significant CST coefficients are consistent with EST-based models in Chapter 3 -

see Models l (a), l(b), 7(c), 7(d), 12(a), 13(a), 14(a), and lS(a).  Of these models only one 

contains the drink-drive version of SRSP advertising, Model l (b) .  CSTs were also estimated 

to be significant and positive with serious crashes in the replication of Cameron a nd Vu lcan 

( 1998) - ModeI 6(b) - and with drink-drive convictions in the repl ication of Tay (2001) ­

Model lS(b).  

Another sign ificant factor in a l l  the 2SLS models using ESTs is the positive influence of 

upwardly trending factors. This finding is consistent with the results from Chapter 3 - Models 

l(a), l (b), 2(b), 7(c), 7(d), 8(c), 12(a), 13(a), 14(a), and lS(b) - as are the positive and 

significant CST effects for the Al l-theme models - Models l(a), l (b), 6(b), 7(c), 7(d), 12(a), 

13(a), 14(a), lS(a), lS(b) .  

The models using ESTs have estimated a mixture of positive and negative relationsh ips 

between the four advertising measures and drink-drive behaviour. However, a l l  the 

advertising estimates in the EST 2SLS models are statistical ly non-significant at the 0 . 10  level. 

The models using TARPs - 16(a) and 1 6(c) - have ind icated a non-sign ificant negative 

relationship between the SRSP advertising and ESTs. Conversely, the models using the 

Adstock measure of advertising - 16(b) and 16( d) - have estimated a non-significant positive 

relationsh ip between the SRSP advertising and ESTs. 

Overa l l, the application of 2SLS estimation with ESTs-based models has confirmed some of 

the findings using ESTs from Chapter 3 .  That is the resu lts suggest that the SRSP campaign 

has neither sign ificantly increased nor decreased drink-drive behaviour. There is . no evidence 

to support the claims that the SRSP advertising was effective. Indeed, the results suggest 

that most of the effects on driving behaviour are due to trending factors and CSTs when a l l  

the themes of the SRSP advertising are taken into account. 
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S.S 2SLS with Drink-Drive Convictions - Model Series 17 

Overa l l, the adjusted R-square estimates for a l l  the 2SLS models in th is series were 

moderately strong. Likewise, the measures of fit for the instrumental variables were al l  

reasonably high indicating that the instrumental variables provided a good explanation of the 

endogenous enforcement and advertising explanatory variables. 

Table 30. 2SLS Models using Drink-Drive Convictions 

Regression Coefficient statistics 

Model 17(a) Model 17(b) Model 17(c) Model 17(d) 

1. Eleven monthly dummy variables to represent the seasonal factors (X7-l7) are also · in the explanatory variables. 
For a ful l  model specification see Table 38 on page 213. * Statistically significant at 0 .10 level. ** Statistically significant at 
the 0.05 level. * * *  Statistically significant at the 0.01 level. Full results can be found on pages 223 to 226. 

A similarity between the results for the 2SLS models 17 a,b, a nd c and the majority of the 

models using convictions in Chapter 3 is the absence of a sign ificant trend effect - the only 

exceptions from Chapter 3 are the drink-drive conviction Models 2(b), S( c), lS(b), and 17( d) .  

The absence of a sign ificant trend effect is  in contrast with the findings of the other EBT­

based models in Chapter 3 and the 2SLS EBT models in  the previous section .  It is also in 

contrast with the crash-based models in Chapter 3 where the trend was a prominent, a lbeit 

negative, influence on the road safety statistics. 

Unemployment is sign ificantly related to increases in drink-drive convictions for the models 

that use adstock to represent the road safety advertising - Models 17(a) and 17(c). This 

combination of explanatory variables is unique for this thesis so further investigation would 

be required before an understanding can be gained of why this has occurred. However, 

disregarding significance, positive estimates for unemployment are found in a l l  the EBT and 
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conviction 2SLS models. The results suggest that the relationship between drink-drive 

behaviour and the number of unemployed is likely to be positive. As unemployment 

increases, the incidence of drink-driving may a lso increase - indicating a social element to the 

behaviour as opposed to a financial or economic perspective. More research is required to 

clarify this finding. 

Using TARPs to represent the advertising and drink-drive convictions as the road safety 

outcome has ind icated that increases in SRSP advertising are related to increases in drink­

drive behaviour. This result would not be unexpected using a single equation OLS approach 

as increases in advertising are l ikely to coincide with anticipated increases in drink-drive 

behaviour. However, using 2SLS estimation, such a two-way relationship is typical ly 

control led for by the use of instrumental variables such as seasonal factors. Therefore, there 

must be some other explanation for the positive relationship between the SRSP advertising 

and drink-drive behaviour when measured by EBT-based outcomes. One possible explanation 

could be simply that, despite the increases in advertising, drink-drive behaviour as measured 

by EBTs or drink-drive convictions, a lso increased over this period . 

Neither the drink-drive nor the al l -theme adstock estimates were significant in the models 

using convictions as the road safety outcome. 

5.6 2SLS with Serious Crashes - Model Series 18 

Table 31 on the next page indicates that the instrumental variables have fitted wel l  with the 

one minor exception being a slightly lower level of explanation for the instrumental variables 

against the drink-drive TARPs explanatory variable - see Model 18(d). Overal l , the models 

were moderately strong and statistical ly significant in the explanation of the variation in the 

level of serious crashes. 
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Table 31.  2SLS Models using Serious Crashes 

Regression Coefficient statistics 

Model 18(a) Model 18(b) Model 18(c) Model 18(d) 

1.  Eleven monthly dummy variables to represent the seasonal factors (Xl-l7) are also included in the explanatory variables. 
For a full model specification see Table 39 on page 214. * Statistically significant at 0 .10 level. * *  Statistically significant at 
the 0.05 level. ***  Statistically significant at the 0.01 level. Full results can be found on pages 227 to 230. 

The serious crash-based 2SLS model series sees the inclusion of new car registrations as a 

representative of the OECD (1997) transportation/exposure factor. It was expected that an 

increase in the number of vehicles, and therefore a n  increase in the exposure of motorists, 

would result in an increase in the number of serious crashes. While a l l  the coefficients for 

new cars are positive none of them are significant. 

Increases in the number of unemployed, are both related to reductions in crash numbers. 

Th is result is in contrast to the unemployment estimates for the 2SLS EBT and drink-drive 

models. However, the negative relationship between economic conditions, as represented by 

the unemployment variable, is typically related to a reduction in accident rates (Hakim et a l . ,  

1991; Harry, 1997) .  As economic conditions worsen ( unemployment increases) disposable 

income decreases, d iscretionary expenditure on travel decreases and work-related travel 

decreases. 

Factors that are trending upwards over time are also Significantly contributing to reductions in  

serious crashes. This result is consistent with nearly a l l  of the serious crash models from 

Chapter 3 - see Models 3(a), 3(b), 6(c), 6(d), 12(c), 13(c), and 14(c). There is a strong 

suggestion across a l l  of these models that trending factors are influencing the reduction a re 

serious crash numbers. 
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Using serious crashes as the outcome variable in 2SLS models has resu lted in three non­

significant estimates of the road safety advertising having a negative effect on crashes and 

one non-sign ificant estimate that it has a positive effect (see Table 31) .  Once again, this 

finding is largely consistent with the results from the replications from Chapter 3. Only two 

serious crash-based models have produced significant negative advertising estimates ­

Models 6(b) and 12(c). 

Overal l ,  the appl ication of 2SLS estimation with serious crash based models has confirmed 

the findings using serious crashes from Chapter 3 .  That is the results suggest that the SRSP 

campaign has neither sign ificantly increased nor decreased the number of serious crashes. 

There is no evidence to support the claims that the SRSP advertising was effective. 

Conversely, the results suggest that most of the effects on serious crashes are due to 

trending factors and unemployment. 

Neither the drink-drive nor the al l-theme adstock advertising estimates (Models 17a and 17c) 

were statistica lly significant using drink drive convictions as the road safety outcome. 

5.7 2SLS with Fatal ities - Model Series 19 

Using fatal ities as a measure of the effectiveness of the SRSP has resu lted in none of the key 

variables of interest being statistica lly Significant (see Table 32 on the next page). Once 

again, this was a noted feature of the fatal ity-based models in Chapter 3. Fatal ity data is 

expected to contain a large random component making it difficult to obtain significant 

estimates of other factors as was demonstrated in Chapter 3 .  

The instrumental variables continued to fit wel l  to the advertising and enforcement 

explanatory variables with only two noticeably lower results ( .66 and .52) for Models 19(a) 

and 19(c) respectively. However, both these statistics are wel l  above the acceptable level of 

0 . 10 (Bol len, 1996; Stock & Watson, 2003). 

In  contrast, the 2SLS models overal l  fitted very poorly with noticeably lower adjusted R2 

va lues than the previous 2SLS models and al l  were statistica l ly insignificant at the 0 .01  level .  

However, these measures of fit are consistent with the lower levels obtained for the fata lity­

based models in Chapter 3. The use of fatalities, whi le va luable from a policy and publ icity 

perspective, may be impractical from a model l ing standpoint. 
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Table 32. 2SLS Models using Fatalities 

Explanatory Variables1 
All-theme TARPs (Y� 
All-theme Adstock ( Y;,c) 
Drink-Drive TARPs( y;'h) 
Drink-Drive Adstock( y;'rl) 
CBTs (}l) 
Unemployment (�) 
New Car Registrations (xs) 
Trend (Xi;) 

Instrumental Variables 
All theme TARPs 12 mth lag (zJs) 
Drink-drive TARPs 12 mth lag (ZJ9) 

Summary Statistics 
Fit for Advertising (R2) 
Fit for CBTs (R2) 
Adjusted R2 

Regression Coefficient statistics 

Model 19(a) Model 19(b) Model 19(c) Model 19(d) 

.002 ��'�:b���;�l ' -'-h_:�,' �d1'6 
IJl'Ij¥:,�t .. ":' · · fr·: - 002 �J<i:ili;tJ.,�it' I • t'4 '= t;' 'i! • .� � .. ; �. . 

I�"W:�����=- 001 1�':1� ('n;J; '�"<. i'� .  �� '., -: . . - - . 
. 

•• • . • �"i -., 
1'�1¥t���� ' , : ����� -.003 

. 1 5  . 15  
- .06 - ,05 
.02 ,03 
- .002 -,002 

x x " ... ,�.,,�,,�y ;f,c-,,<;,� • • �. ':(.���.-� If.Ji\'t.t�,, '�.�: ;$�' t:; ·:;"']"t;;..u'j;.,.'" ' . . . � . " � ... .. ;;..\� - .... '?-.... � � :II.- - .. .. . . 

.66 .85 

. 85 .85 

.25 .25 

. 1 5  . 16  
- .06 - .05 
.03 .03 
- .002 - .002 

l�t���it�I����� 'I> . . . . •. • \;l.. , 
x X 

.52 .85 

.85 . ,85 

.25 .25 
1.  Eleven monthly dummy vanables to represent the seasonal factors (X7.l7) are also Included In the explanatory vanables. 
For full model specification see Table 40 on page 215 .  * Statistically significant at 0.10 level. * *  Statistically significant at 
the 0.05 level. ***  Statistical ly significant at the 0.01 level. Full results can be found on pages 227 to 234. 

If we were to momentarily disregard the issue of statistical significance, it is interesting to 

note that the direction of some of the estimates is consistent with the 2SLS serious crash 

models. The estimate for unemployment is negative across a l l  the models, as is the trend 

coefficients. Furthermore the estimates for new cars are a l l  positive. 

Using fatal ities as the road safety outcome and 2SLS estimation has resu lted in non­

significant estimates of the SRSP advertising regardless of the measure used to represent the 

campaign.  The advertising coefficients are a l l  smal l  and non-significant and therefore provide 

no support for the LTSA claims that the SRSP advertising has been effective in reducing the 

road toll (Falconer, 1996; Gregg, 1996). 
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5.8 2SLS with H igh Alcohol Hour Serious Crashes - Model Series 20 

The fit of the 2SLS models is moderate, ranging from an adjusted R2 of .40 and .43, fal l ing 

between the low levels obtained for the fatal ity-based models and the higher levels of the 

other outcomes analysed using 2SLS thus far (see Table 33). 

The fit of the instrumental variables to the endogenous CST and advertising explanatory 

variables were a l l  satisfactory. However, the instrumental variables for drink-drive TARPs 

once again explained the lowest level of fit, though this is sti l l  above the R2 = 0 . 10 level 

deemed as acceptable by Sollen (1996) . 

Table 33. 2SLS Models using High Alcohol Hour Serious Crashes 

Regression Coefficient statistics 

ModeI 20(a) Model 20(b) ModeI 20(c) Model 20(d) 

Explanatory Variables1 
All-theme TARPs ( Y:>e) -.02 '-���\;�Wi�� fl � 'JIt.,!>i, .. ..! " .... l!i# .. ,.. >C ���"f,��!:,¥; i'\11P'� ""��jj;? " ;�"f.':iJ..,;. .�i:t� . , ' \� ��l . . ... .. ,.. ,�"' ' '''':.;.\ 
All-theme Adstock ( >'2c) �����J��������1 -.09** ������ �ir$iW:�!��� 
Drink-Drive TARPs( >'2b) ��1.tr�;i��#t�f�1 �.t�� .003 ���f�il�t�i�� 
Drink-Drive Adstock( >'2d) �!i����{f:;�:�� ;>;J�·�'ii!�t�iW:�f� 1����Z� -.09** 
CBTs ( )'1) -.27 - . 18 -.32 - .25 
Unemployment (x.;) - .38 -.24 -.39 - .29 
New Car Registrations (xs) . 16 .26 .07 .30 
Trend (X6) -.01***  -.01** *  -.01** *  -.01** *  

Instrumental Variables 
All theme TARPs 12 mth lag (Z18) x x C;i;,.��"'��� �oJ;%��'�� "til�" -; J;��� tU.�f"'I�., . � . -��� -, ��'!A"': t' 
Drink-drive TARPs 12 mth lag (Z19) :&i�¥��kr��:�(·��?�� tf:,if��1���Jl;f.;JJ;';� x x 

Summary Statistics 
Fit for Advertising (R2) .68 .85 .56 .86 
Fit for CBTs CR2) .85 .85 .85 .85 
Adjusted R2 .40 .42 .40 .43 

1. Eleven monthly dummy variables to represent the seasonal factors (X7.l7) are also Included In the explanatory vanables. 
For a full model specification see Table 41 on page 216. * Statistically significant at 0 . 10 level. ** Statistically significant at 
the 0.05 level. * * *  Statistically significant at the 0.01 level. Full results can be found on pages 235 to 238. 

The trend variable is sign ificant for all the 2SLS models using high a lcohol serious crashes. 

Factors that trend upwards over time are estimated to be a significant contributor to a 

reduction in a road safety outcome. This finding is consistent with the majority of trend 

estimates from the other high a lcohol hour models in Chapter 3 - Models S(a), S(b), 10(c), 

10(d), 12(e), 13(e), and 14(e). In fact, only one of the high a lcohol hour crash-based models 

did not estimate a significant and negative effect for the trend .  It would from the results for 

high alcohol hour crash models that there is strong evidence that factors that a re trending 

upwards over time are contributing to reductions in crash numbers. This finding is consistent 
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with the cla ims made by Beenstock and Gafni (2000) in their analysis of road accident data 

from industral ised countries. 

Like the fatality-based models, CBTs, unemployment, and new cars are non-significant, 

however the estimated direction of the relationships are consistent with the other crash­

based models. 

High a lcohol hour serious crashes were used in Chapter 3 where on ly two of the models -

Models 12(e) and 14(e) from the replication of Tay ( 1 999) indicated that the SRSP campaign 

was related to reduction in this outcome. Similar results are found here using the road safety 

statistic in the 2SLS models using high a lcohol hour serious crashes (see Table 33). Three of 

the advertising coefficients are negative, with two of these being significant - one for each of 

the adstock measures. These two models suggest that the SRSP advertising has led to a 

significant reduction in high alcohol hour serious crashes. Conversely, these estimates cou ld 

represent confirmation of the potential for adstock to overestimate the effectiveness of the 

advertising as argued by White et al (2000). There is no way of knowing whether the 

adstock estimates are actua lly overestimates as we do not know what the true effect is. An 

examination of the differences between the advertising estimates for the adstock and TARPs 

variables across the road safety outcomes may shed some l ight on this possibility. This 

comparison will be made at the conclusion of the chapter. 

The use of high a lcohol hour serious crashes as the road safety outcome and the 2SLS 

model l ing has led to mixed advertising estimates. Only two of the estimates have indicated a 

significant reduction in crash numbers. While these results a re supportive of the LTSA claims, 

they a lone do not constitute strong evidence that the advertising has indeed been effective. 

However, this series of models has once again suggested the underlying trend has played a 

prominent role in the reduction of high a lcohol serious crashes and that this is consistent with 

previous research of accident data from other industral ised countries. 
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5.9 2SLS with Alcohol-Related Serious Crashes - Model Series 21 

The overal l  measures of fit for the 2SLS models using a lcohol-related serious crashes a re al l  

moderately strong ranging from an adjusted R2 of . 74 to .78. The exogenous variation in the 

endogenous explanatory variables and the exogenous explanatory variables explain a large 

proportion of the variation in a lcohol-related serious crashes (see Table 34). 

Table 34. 2SlS Models using Alcohol-Related Serious Crashes 

Regression Coefficient statistics 

Model 21{a) Model 21{b) Model 21(c) Model 2 1(d) 

1.  Eleven monthly variables to represent the seasonal factors (X7-l7) are also included in the explanatory variables_ 
For ful l  model specification see Table 42 on page 217_ * Statistically significant at 0 _10 level. ** Statistically significant at 
the 0_05 level. ***  Statistically significant at the 0_01 leveL Full results can be found on pages 235 to 242_ 

The fit of the instrumental variables to the endogenous eBT and advertising explanatory 

variable were also a l l  reasonably h igh .  However, a pattern is starting to emerge with the fit 

of the instrumental variables to one particular endogenous explanatory variable - drink-drive 

TARPs ( Y2b) - see Model 19(d). So far in the 2SL5 models, this variable has consistently 

ach ieved the poorest explanation by the instrumental variables. However, the level of fit ( .56 

in this series) is sti l l  wel l  above the 0 . 10  considered as acceptab le by Bollen ( 1996), 

therefore, the instrumental variables can be considered as good. 

An increase in the number of people unemployed is estimated to significantly reduce the 

number of a lcohol-related crashes. Therefore, as economic conditions worsen 

(unemployment increases) it is l ikely that the number of miles driven and discretionary 
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spending a re reduced. This finding is consistent with the estimates from the 2SLS models 

using serious crashes - Models 18(a) to (d) .  

Once again, the trend has been found to be a significant contributor to the reduction in  crash 

numbers - this time using 2SLS and alcohol-related crashes. The contribution of factors that 

a re gradually increasing over time is proving to be a consistent feature of the road safety 

models here. 

The use of alcohol-related crashes as the road safety outcome in the 2SLS models indicates 

that the SRSP advertising has resulted in reductions in a lcohol-related crashes with two 

significant estimates. However, once again, these significant estimates are only found in the 

models using the adstock advertising explanatory variables. While, the sign ificant advertising 

effects provide some further support for the LTSA claims, the resu lts need to be treated with 

caution at this stage. 

5.10 2SLS with Alcohol-Related Fatal ities - Model Series 22 

The use of a lcohol-related fata lities for the first time in the current study has resulted in 

relatively low overa l l  levels of fit ranging from an adjusted R2 of . 19 to .21 (see Table 35 on 

the next page ) .  However, the numbers of monthly a lcohol-related fatal ities are relatively low 

compared to the other outcomes used in the current study with the monthly numbers ranging 

from as little as 4 up to 22. Therefore, it is expected to be difficu lt to isolate significant 

effects using this outcome. 

Moderate measures of fit for the instrumental variables and the explanatory variables for 

advertising and enforcement were achieved with drink-drive TARPs again performing the 

poorest of the four advertising measures. Overa ll, the R2 values for a l l  the instrumental 

variables sti l l  indicate that they are good predictors of the endogenous explanatory variables. 

Using a lcohol-related fata l ities as the road safety outcome suggests that factors that a re 

trending upwards over time are sign ificantly reduCing the number of road deaths. This 

finding is in contrast to the non-sign ificant trend estimates for overa l l  fatalities but consistent 

with other models here using serious crashes, high a lcohol related serious crashes, and 

a lcohol-related serious crashes. 
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Table 35. 2SLS Models using Alcohol-Related Fatalities 

Model 22{a) 

Instrumental Variables 
All theme TARPs 12 mth Jag (Z18) 

Drink-drive TARPs 12 mth lag (Z19) 

.68 

. 86 

.21 

Regression Coefficient statistics 

Model 22{b) Model 22{c) 

.84 .57 

.86 .85 

.21  .21  

Model 22{d) 

.86 

.85 

. 19 

1. Eleven monthly dummy variables to represent the seasonal factors (Xl.I7) are also included in the explanatory variables. 
For a full model specification see Table 43 on page 218. * Statistical ly significant at 0.10 level. * *  Statistically significant at 
the 0.05 level. ***  Statistically significant at the 0.01 level. Full results can be found on pages 243 to 246. 

In contrast to the trend estimates, a l l  of the advertising estimates from the 2SLS models 

using a lcohol-related fata l ities are non-significant. These models suggest that the advertising 

is not having an effect on drink-drive behaviour as measured by this road safety outcome. 

The use of a lcohol related fatal ities does not provide any support for the LTSA claims that the 

road safety advertising has been effective. Moreover, these models once again suggest that 

the underlying trending factors are a prominent factor in the reduction of fatal ities. 
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5.11 Summary of 2SLS models 

The use of 2SLS estimation in  the evaluation of road safety advertising is seen as a logical 

and technical improvement on the previous attempts to model the effects of the SRSP 

campaign. Using a single equation, key explanatory variables such as advertising and 

enforcement are unable to be accurately estimated. These actions are themselves the resu lt 

of anticipated levels in the road safety statistics such as fatal ities and EBTs. Using single 

equation models to estimate what is a multiple or simu ltaneous equation system will lead to 

bias estimates as was demonstrated in  Chapter 4. 

If a measure of advertising was to be considered robust we would expect the estimates 

derived from the measure to generalise across outcomes and subtle changes to the model 

specifications. Clearly, this has not eventuated despite using the technically more appropriate 

2SLS estimation procedu re. Only 3 of the 7 road safety outcomes used resulted in 

statistical ly sign ificant advertising estimates and no one measure of advertising used across 

these models has resulted in consistent estimates in terms of direction, Significance or the 

conclusions that would be drawn from them. Neither TARPs, adstock, a l l-theme nor drink­

drive measures has been conSistently significant across the road safety outcomes. For 

example, drink-drive conviction models produced ind icated significant increases in al l-theme 

TARPs and drink-drive TARPs advertising estimates. Whereas, the models using a lcohol 

related crashes as the road safety outcome produced significant reductions in a l l-theme 

ad stock and drink-drive adstock advertising estimates. The only consistency across the 

significant effects is the matching of the measure found to be significant for each specific 

road safety outcome. For example, for drink-drive convictions, the advertising estimates for 

the al l-theme TARPs and the drink-drive TARPs were both found to be sign ificant. 

Table 36. Comparison of Advertising Estimates across the Road Safety Statistics 

Advertising 
Variables 
All-theme 
TARPs 
All-theme 
Ad stock 
Drink-Drive 
TARPs 
Drink-Drive 
Ad stock 

EBTs 

+ 

+ 

Drink-drive 
Convictions 

, ;.' 
.: , .+ ' .'� " :< : 

+ 

.. + : . .; . .... . 

+ 

Road Safety Outcomes 
Serious HAH 
Crashes Fatalities Serious 

Crashes 

+ 

+ + 

Shaded cells indicate a statistically significant advertising effect at the 0 .10 level. 

Alcohol­
Related 
Crashes 
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Alcohol­
Related 

Fatalities 

+ 

+ 
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Despite the use of the more appropriate multiple equation 2SLS estimation, various models 

using a range of outcomes and a range of forms of advertising and instruments, the resu lts 

are still inconclusive. Moreover, in terms of the research objective of this thesis - that is, to 

identify a robust measure of road safety advertising effectiveness - none of the estimated 

effects for any of the advertising measures general ises across the road safety statistics. 
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CHAPTER 6. CONCLUSIONS 

6.1 Introduction 

The objective of this research was to attempt to determine whether a robust measure of the 

effectiveness of a road safety advertising campaign can be identified using  the econometric 

ana lysis of non-experimental data . In the last three decades, road safety advertising has 

grown in prominence as a tool in the fight to reduce the impact of road accidents on society. 

Two countries that have been at the forefront in the use of marketing in road safety are 

Australia and New Zea land . The accident data from both countries has been the subject of a 

series of statistical modell ing evaluations, and some of these studies have formed the basis of 

claims made by government officials regarding the overal l  effectiveness of the road safety 

advertiSing campaign. However, the results have been sometimes confl icting, and there has 

been much debate over the form and variables used in the models. A major problem in 

resolving these confl icts, however, is that the different studies do not all use the same data 

set or road safety outcome, so comparisons are d ifficult. 

In the first stage of the analYSiS, the models that have been used to eva luate the New 

Zealand road safety advertising were replicated here using a single time series that 

encompassed the first three years of the campaign. The fol lowing eva luations of the New 

Zealand campaign were replicated : 

• Macpherson & Lewis, 1998 

• Cameron & Vulcan, 1998 

• White, Walker, Glonek & Burn's, 2000A 

• Tay, 1999 

• Tay, 2001 

These models were then extended across a series of road safety outcomes: Positive evidentia l  

breath tests (EBTs), Drink-Drive Convictions, Serious Crashes, Fatal ities, and High-Alcohol 

Hour Serious Crashes, and, depending on the repl icated model, different types of advertising 

variables. The models examined exhaust a l l  the single equation approaches to the evaluation 

of the non-experimental road safety data . The estimated advertiSing effects from all the 

repl ications and extensions were then compared in an attempt to draw a conclusion as to 

which approach, if any, provided a consistent explanation of the effectiveness of the road 

safety advertiSing campaign .  

I n  the second stage o f  the analYSiS, an  alternative statistical modelling approach was 
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undertaken to deal with a problem potentially shared by al l  of the original  evaluations. Al l  of 

the original approaches assume that the road safety system can be explained by a single 

equation model. In  fact, there a re a number of reasons to bel ieve that the road safety 

system may include a series of-two-way relationships that are best represented by a multiple 

equation model . For example, the presence of two-way relationships, or endogeneity, 

between the explanatory variables would render the use of single equation estimation 

inappropriate and result in biased estimates. A fai lure of the single-equation models to 

produce a consistent estimate of an advertising effect is indicative of a possible problem with 

endogeneity, and provides a basis for exploring the use of a multiple equation approach to 

the evaluation of road safety advertising . 

Two stage least squares (2SLS) is a common method for estimating a system that contains 

two-way relationships and wi l l  produce the identical results to more complicated mu ltiple 

equation methods when the system being ana lysed is identified . A series of models were 

developed using 2SLS that tested the general isabi l ity of the estimated effects across seven 

road safety outcomes - EBTs, Drink-Drive Convictions, Serious Crashes, Fatalities, Alcohol­

Related Fatal ities, Serious Crashes, Alcohol-Related Serious Crashes, and High-Alcohol Hour 

Serious Crashes - and four types of advertising variables; All-Themes TARPs, Al l-Themes 

Adstock, Drink-Drive TARPs, and Drink-Drive Adstock. The 2SLS models examined the 

multiple equation approach to the evaluation of the non-experimental road safety data using 

a series of road safety outcomes. The advertising estimates were once again compared in an 

effort to identify a robust measure of the road safety advertising campaign's effectiveness. 

6.2 Conclusions 

In spite of the appl ication of many expert's models and suggestions and the use of 

sophisticated statistical methods of evaluation, a robust measure of the effectiveness of road 

safety advertising has not been identified . 

The replication and extension of previous models of evaluation using an up-to-date single set 

of road accident data and a range of road safety outcomes has produced a continuation of 

the conflicting and i nconclusive results obtained in the original studies. None of the 

repl icated measures produced a consistent estimate of the effect of the road safety 

advertising across the five outcomes. No conSistency was found in terms of the direction a nd 

statistical significance of the estimated advertising effects for any of the repl icated models. 

Among the sign ificant advertising effects found in the single-equation models, 69% were 

positive thereby implying that the campaign was ineffective; however no regular pattern in 
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the estimated direction of the relationship between the advertising and the road safety 

outcomes was identified for any of the replications so no conclusion about the campaign's 

effectiveness was able to be made. 

Endogeneity in some of the key explanatory variables was the most l ikely reason for the 

inabil ity of the single-equation models to produce a consistent advertising estimate of the 

road safety campaign's effectiveness. To address this issue, the data was re-examined using 

2SLS. In line with the repl ications of previous sing le-equation models, the 2SLS procedure 

was undertaken using a series of road safety outcomes to test its abil ity to produce consistent 

advertising estimates. Despite speculation that some of the key explanatory variables have 

two-way relationships with the outcomes, the 2SLS procedure a lso failed to produce a robust 

measure of the effectiveness of the advertising. 

Faced with this predicament, the typical response would be to simply choose the best model 

from the set of models and approaches undertaken .  However, there is no objective way of 

knowing which model best reflects the true situation .  Furthermore, the use of non­

experimental data means there is no valid method to determine what the true position is, as 

there is no benchmark or test statistic that can be uti l ised to provide a measure of best fit 

aga inst the actua l  effect. Moreover, no further refinements can be made to the evaluation 

models or estimation forms or functions that wil l  enable us to make a conclusion about the 

true effectiveness of the road safety advertising. 

Therefore, it is concluded that it is impossible to draw a ny robust and consistent conclusions 

of the effectiveness of road safety advertising using non-experimental data with econometric 

methods. One possible solution is to adopt an experimental approach constructed a round a 

strictly control led and measured outcome that is closely l inked to the stated objectives of the 

road safety advertising campaign. The use of a well p lanned experiment based around a 

su itable outcome variable will enable researchers to d iscern the true effect of road safety 

advertising on human driving behaviour and ensure the appropriate use of l imited road safety 

resources to maximise the safety of a l l  drivers. 

6.3 Research Limitations 

The estimation procedures used in this research are based on approaches either previously 

util ised or proposed by road safety experts to evaluate the New Zealand advertising 

campaign. Suggestions and criticisms that were made by these previous researchers were 

incorporated into the research and then the evaluation models were tested further over a 
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series of road safety outcomes and advertising variables. However, while a l l  previous and 

proposed single and multiple equation approaches have been utilised in this research, thereby 

exhausting the current possibilities available to an analyst, it is not assumed that there are no 

further possible refinements. It is conceivable that another analyst could come up with a 

different approach to the estimation of the road safety advertising campaign a lthough it is 

difficult to see what else might be done with non�experimental data . 

One possibil ity is that a longer time series could have been used. This thesis was based on 

New Zea land road safety data from October 1993 though to December 1998. The analysis 

period encompassed the two years preceding and the three years fol lowing the 

implementation of the SRSP campaign with the analysis at the monthly level providing a total 

of 63 observations. A longer time series may improve the chance of identifying statistica lly 

significant advertising effects, however a larger number of observations is very unl ikely to 

result in a change to the conclusions of the effect of the campaign on road safety outcomes 

drawn from those estimates. That is, further data may well improve the statistical sensitivity 

or power of the ana lysis, but it wil l not a lter the nature of the estimated relationships. 

Another limitation in this research, and all the previous evaluations, is that the data is 

restricted to the information that is recorded by the various Government agencies. The data 

wil l not include al l  the possible effects of advertising or changes to driver behaviour but is 

expected to capture and represent the majority of these effects. Likewise, the road safety 

data used here is not col lected for the sole purpose of evaluating the advertising campaign's 

effectiveness. The collection of a l l  the road safety outcomes used in the analysis of the 

advertising campaign predates the introduction of the SRSP campaign .  Furthermore, there 

are known and acknowledged flaws in some of the statistics and, where pOSSible, these have 

been accounted for in the models. However, as the data is non-experimental there is no way 

to correct al l  the known flaws in the data . An analyst of non-experimental data is at the 

mercy of the available data and any of its inherent q ual ities or weaknesses. Furthermore, the 

problems with the data have been recognised by a l l  the previous researchers and this 

knowledge has not prohibited its use in the respective evaluations nor has it been used to 

qual ify any of the resulting conclusions regarding the effectiveness of the advertising 

campaign. 

6.4 Future Research 

The use of non-experimenta l data wil l  always be subject to the inescapable and intractable 

conclusion that there is no objective means to choose between competing measures of 
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advertising effectiveness if there is no consistency in the results of the alternative models. 

One way to overcome this problem is to avoid the situation a ltogether by developing a true 

experiment to judge the effectiveness of the road safety advertiSing campaign .  Through the 

use of a control led field experiment, advertising exposure can be manipulated, extraneous 

factors control led, and the effect of road safety advertising on driver behaviour measured. A 

test reg ion can be compared to a control region and the data analysed using well grounded 

methods of ana lysis matched to the experimental design to u ncover if a causal l ink exists 

between road safety advertising and driver behaviour. 

The author accepts that there are considerable practica l and technica l  issues that would need 

to be addressed before experimentation would be acceptable to policy makers and to the 

public. Identifying suitable test and control regions and control l ing media programming for 

these, are two key issues that would need to be dealt with in the design of a road safety 

advertising experiment. Furthermore, the advertising campaign objectives would have to be 

careful ly a l igned with the choice of road safety outcome and whether the experiment is based 

on an existing road safety outcome or a new outcome is chosen, sign ificant resources wil l 

need to be a l located to the development of processes that minimise, as much as is practical ly 

pOSSible, any source of potential measurement error. Only through the application of 

experimentation wil l ana lysts, pol icy makers, and governments be able to discern the true 

effectiveness of road safety advertising and avoid the intractable difficulties posed by the 

econometric analysis of non-experimental data. 

6.5 Contribution 

The thesis has demonstrated that econometric models of non-experimental road safety data 

are over sensitive to subtle changes in form and estimation and are therefore un rel iable for 

judg ing the effectiveness of the New Zealand road safety advertising campaign. This thesis 

has exhausted al l  ava ilable single and multiple equation approaches for the eval uation of non­

experimental road safety data . The results here have demonstrated that a conclusion 

regarding the effectiveness of the road safety advertising campaign can not be drawn using 

an econometric model of non-experimental data . Road safety advertising researchers and 

pol icy makers can have no confidence in the estimates obtained from non-experimental data 

or in the abi l ity of the available road safety statistics to measure the effectiveness of an  

advertising campaign .  
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GLOSSARY OF TERMS 

Adstock 

Alcohol-related fatal ities 

Alcohol-related serious crashes 

All-theme advertisements 

Autocorrelation 

BAC 

CBTs 

Countermeasures 

Double-log 

A Koyck decay function of the accumulation of Target 
Audience Rating Points (TARPs) in the current week 
a long with the decayed effects (applying a specific 
retention factor) of TARPs placed in the previous week 
or weeks. Therefore, Adstock is cumulative decayed 
ratings and represents the amount of advertising 
current at the time. 

A road accident fatality that has been classified by the 
attending Police Officer as being the result of driving 
with excess alcohol. This can be a subjective 
assessment or the result of subsequent blood a lcohol 
testing . 

A serious crash classified as being the result of driving 
with excess a lcohol .  Alcohol-related serious crashes 
are generally classified by the Police Officer attending 
the accident or the result of blood tests. The 
suspected cause of the accident is reported by the 
Pol ice Officer in their subsequent traffic crash report 
(TCR) . 

All advertising themes used for advertisements . Al l  
road safety advertising themes includes speeding, 
drink-drive and seat belt restraint advertisements. 
This distinction for road safety advertisements was 
used by Cameron et al ( 1993) in the evaluation of the 
Victorian TAC advertising campaign .  See also drink­
drive advertisements. 

The problem of consecutive error terms in time series 
data being correlated. The consequences are similar 
to heteroscedasticity. One way to detect 
autocorrelation is through the use of the Durbin­
Watson statistic (Lattin et a l . , 2003) .  

Blood a lcohol test. 

Compulsory Breath Tests. CBTs were introduced in 
New Zealand in  April 1993 . Breath tests are largely 
random. The number of CBTs is recorded by the 
control l ing Police Officer at each respective check 
point. 

A catch all term used in road safety l iterature to 
describe road safety initiatives designed to reduce 
road trauma. 

The transformation of both sides of the equation 
(dependent and independent variables) by the natural 
logarithm ( e). 
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Drink-drive advertisements Road safety advertisements focused on the reduction 
of drink-drive behaviour. This classification of road 
safety advertisements was used by (Cameron et a l . ,  
1993) - see a lso al l-theme advertisements. 

Drink-drive convictions A conviction a rising from being found to be driving 
with excess a lcoho l .  The conviction is the result of a 
positive evidential breath test fol lowed by a positive 
blood alcohol test. Drink-drive convictions are collated 
here from offences coded AlOl through to A33 1 .  
Conviction data i s  recorded for the date of the offence 
- not the date of the conviction which can occur up to 
six months after the offence. 

EBTs Positive evidential breath tests. EBTs are largely the 
result of CBTs but can a lso be generated from MBTs 
(Mobile Breath Tests) .  

Fatal ities A fatal ity is defined here as if as a result of a road 
accident a person is kil led. 

First-order autoregression A simple l inear regression model with the lagged 
dependent variable as one of the predictor variables. 

High a lcohol hour serious crashes Serious crashes that occur during high alcohol hours. 
In New Zealand, high alcohol hours are defined as 
between lOpm and 4am, Monday to Thursday, and 
between lOpm and 6am Friday to Sunday. 

M & L models Macpherson and Lewis models as developed in 
Macpherson and Lewis ( 1996, 1998) to evaluate the 
effectiveness of the SRSP advertising. 

Moderator effects Effect in which a third i ndependent variable (the 
moderator variable) causes the relationship between a 
dependent and independent variable pai r  to change, 
depending on the value of the moderator variable. 
Also known as an interaction effect (Hair et al., 1998). 

Road safety outcomes A term used here to describe the series of road safety 
statistics used as dependent variables in the 
evaluation models in Chapters 3 and 5 .  

Seasonal effects Seasonal effects that may be present in the data due 
to factors such as hol iday periods or increases in drink 
driving related to participation in winter sports. 
Seasonal effects are typical ly represented in road 
safety model l ing by dummy variables for each month 
of the year. The dummy variables capture the 
seasonality in the data that is not expl icitly 
represented by variables a l ready in the model. 

Serious casualty crashes A serious casualty crash is typically defined as if as a 
result of the accident a person requires 
hospitalisation .  
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SRSP 

Step function 

TAC 

TARPs 

TCR 

Trend variable 

Supplementary Road Safety Package. The SRSP was 
implemented in October 1995 and was based on the 
Victorian blue-print and involved the coordination of 
targeted enforcement and high profile road safety 
advertising.  

The use of dummy variables to represent an event or 
change in  the data or system. 

Transport Accident Commission . The TAC funded the 
implementation of the Victorian road safety 
advertising and enforcement campaign that has since 
been adopted by countries such as New Zealand. 

Target audience rating points (TARPs) is a measure of 
audience reach . It is a summation of the rating points 
(the percentage of persons in the viewing area 
estimated to be watching the specific television 
channel at the time the advertisement is shown) for 
the particular target audience of the advertisement. 

Traffic crash report. Completed by the attending 
Pol ice Officer following a traffic accident. 

A variable coded from 1 for the first observation 
through to k for the final observation. The trend 
variable is used to represent factors that are gradually 
increasing over time but which are not explicitly 
included in the model. 
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APPEN DIX 1. DATA CHARACTERISTICS OF QUANTITATIVE VARIABLES 

Adstock 

The level of advertising is commonly measured by the industry in terms of target audience 

rating points (TARPs). TARPs are an index of the intensity of advertising accord ing to the 

fol lowing rule: 100 TARPs means that everyone in the target audience had the opportunity to 

see the advertisement once (Fry, 1996). However, television advertising placed in a certain 

week does not necessarily produce its ful l  effects in that week (Broadbent, 1979). Studies of 

advertising effects based on awareness levels among the viewing public of the main 

messages of the advertising, have shown that there are indeed delayed effects ( Delaney et 

a l . ,  2004). The main objective in analysing awareness is to provide information on the 

response and decay of advertising effects. 

The theory of decay has been formal ly defined by Broadbent ( 1979; 1984; 1988; 1990) who 

developed the concept of Adstock to describe the way that the audience's current levels of 

reta ined awareness are related to current and past levels of advertising . Formal ly, Adstock in 

the current week is the accumulation of Target Audience Rating Points (TARPs) in the current 

week with the decayed effects (applying a specific retention factor) of TAR Ps placed in the 

previous week. Therefore, Adstock is the cumulative decayed ratings and represents the 

amount of advertising current at the time. The calculation of Adstock needs three inputs : 

the TARPs schedule (weekly level), a parameter for the rate of fading of the effect (F), from 

which the half life (HL) can be ca lculated ;  and a starting value, the Adstock for the period 

before the data start, which is better understood by the term 'previous average rate of 

TARPs' or PT. 

Calculation of Adstock 

The calculation of Adstock (Broadbent 1990) is as follows: starting with the weekly TARPs 

schedule in a single column T, with rows 1 to n. Let 7(1) stand for the va lue in period i or row 

i. Let AC /) hold the Adstocks, so A(O) = PT. PTis defined as the average TARPs for the 

previous 12 months. Two further columns a re included to hold temporary calculated values, 

say Pand Q. The constant is C = C 1-F) / ( 1+F). For a half-l ife of 5 weeks, F is set at 0.871 

(see the discussion below about most common half-l ife for advertising). 

Define 1(0) = C * PTand �O) = 2 * F * PT/ (1 + F) .  
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Then subsequent va lues are found from : 

F(/) = C * 7{/), 

(JI) = 2 * (F * F(i - l))  + F* (Ji- 1), 

A( /) = F(/) + 0;./) .  

Half-Life for Advertising 

The contribution of advertising to each period was previously thought to be a constant 

fraction of the amount of advertising in the previous period. However, Broadbent ( 1979) 

claimed that a single parameter cannot be used for all advertisements as there is evidence 

that the advertising for different brands decayed as different rates. Broadbent recommended 

that the concept of a half-l ife of the advertisement be used as a standard parameter. 

Broadbent ( 1979) claimed that a half-life of 5 weeks was shown to be most common estimate 

of the fading effect of advertising. Based on further studies of brand advertising, a ha lf-l ife of 

five weeks was a lso assumed for the eva luation of the TAC advertising campaign (Cameron et 

a i, 1993) and this va lue was a lso adopted by Macpherson and Lewis ( 1998) :  this corresponds 

to a retention factor of 87% per week ( F  = .871) .  

To consider the possibil ity that the impact of the TAC television advertising with drink-driving 

and speeding themes may not be as great near the end of the period to December 1993 as it 

was initia lly Fry ( 1996) extended the econometric models that had been developed by MUARC 

researchers such as that used by Cameron et al (1993). Using a series of models that 

included a quadratic version of the Adstock function, Fry found that there was some evidence 

of advertising wearout, but that the evidence was weak. He suggested that the large impact 

of the advertisements, as measured by awareness levels, coupled with a strategy of rotation 

of versions of the advertisements made it difficult to identify a ny statistically significant 

evidence of wearout. 

Further research conducted by Shtifelman, Cameron and Diamantopoulou et al ( 1998) into 

the half l ife of TAC advertising for various campaigns and Victorian locations from 1987 to 

1997 found that whi le the half life of the advertising varied between seven weeks and three 

weeks that a half-l ife of 5 weeks was typically an accurate measure of awareness levels. 

However, Shtifelman at al also found evidence of a decline in the half-life for each region of 

Victoria and that this is l ikely to be a result of the wearout first high l ighted by Fry ( 1996) . 

They concluded that there may be enough evidence to suggest the use of shorter half-l ives of 

three to four weeks for the last 5 years of the study period but that the d ifferences in the 

calculated coefficients were quite minimal .  Therefore, a half l ife of 5 weeks was used in the 
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calculation of adstock for the current study. 

Base Level A wareness 

Broadbent has a lso suggested the use of an awareness base level in the calculation of 

Adstock ( 1984) using a simple regression of the recorded awareness levels. Delaney et a l  

(2004) found that the use of a base level provided a better fit to awareness levels and 

concluded from this that there was evidence that a base level of awareness was characteristic 

of the TAC campaign .  However, the base level varied substantial ly between periods, themes 

and reg ions within Victoria . Furthermore, the viewing public's awareness levels across the 

study period are required to calculate the base Adstock level. Awareness data for the SRSP 

advertising campaign was not available for the current study. 

All-Theme Road Safety Advertising 

For the advertising component of the SRSP the LTSA ran g raphic drink-drive advertisements 

alongside graphic television advertisements for other themes - speeding and the use of seat 

belts. It is possible that there is a cross-over effect from the use of fear appeals in a l l  road 

safety advertisements on a person's decision to drink and then drive. For this reason, the 

Adstock was calcu lated for both drink-drive advertisements and for a l l  road safety themes 

(al l-theme). In this way both the specific effect of the drink-drive advertisements and the 

overall effect of the g raphical road safety advertising cam paign can be investigated. 

The Adstock function not only lags the TARPs, but also has a smoothing effect on the data 

(see Figure 17 on the next page). If the Adstock data were to run out the lagged function of 

the previous monthly TARPs beyond the last month of December 1998, the total of the 

Adstock would equal that of the TARPs. It is also interesting to note that whi le there are a 

number of TARPs months with zero levels, there are no Adstock months with a zero level .  

152 



3,000 

2,500 

2,000 

1 ,500 

I 
1 ,000 I 

I 

500 

SRSP implemented > 

Aug·96 

Dec·96 

Figure 17. Monthly All-theme TARPs and Adstock - oct 1993 to Dec 1998 

Focusing on the levels of TARPs in  Figure 17 we can see that the profile of the data is qu ite 

jagged with a series of peaks that are typica lly fol lowed by troughs of noticeably lower levels 

of advertisi ng. All-theme advertising was shown at its highest level during August 1996 

followed by a similar level in December 1996 with levels noticeably decreasing after this 

pOint. 

Switching our attention to the Adstock l ine in  Figure 17 we can see the substantial ly greater 

levels of retained awareness following the introduction of the SRSP in  October 1995. 

Dri n k-Drive Road Safety Advertising 

Focusing on the more specific drink-drive advertising may help isolate its effect on road 

safety outcomes. 

In Figure 18 on the next page the level of drink-drive advertising TARPS have clearly 

increased with the introduction of the campaign in October 1995. Much l ike the All-theme 

advertising, after the implementation of the SRSP the data profile is characterised by large 

peaks followed by equa l ly large reductions in advertising. Drin k-drive TARPS were highest in 

August 1996 with a lmost quarterly peaks - the largest increases occurring in the months of 

December. 
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Figure 18. Monthly Drin k-drive TARPs and Adstock - Oct 1993 to Dec 1998 

There is also a noticeable change in the levels of adstock in Figure 18 for drink-drive 

advertisements fol lowing the introduction of the SRSP in October 1995. Levels range from a 

high of a pproximately 800 but never drop below 200 . 

Compulsory Breath Tests (CBTs) 

Positive evidential breath tests (EBTs) are given to d rivers from police operating either co­

ordinated compulsory breath tests (CBTs) or independent mobile breath tests (MBTs). While 

data for EBTs is collected regularly from regional headquarters, MBTs, which represent a 

smal l  proportion of tota l breath testing, are rarely recorded and therefore a re not represented 

in the current study. 

The operation of CBTs is generally confined to largely urban areas and evening (after 5pm) 

hours .  The evening hours used for CBTs correspond rough ly to the period used to classify 

high alcohol hour serious crashes, CBTs are used here, as they have been in previous studies 

(Cameron et a l . ,  1993; Cameron & Vulcan,  1998; Macpherson & Lewis, 1998; Tay, 1999; 

White et a l . ,  2000a), as a surrogate for enforcement. The New Zea land SRSP drink-drive 

road safety advertising campaign was run in conjunction with increased levels of CBT 

enforcement so it is important that this is accounted for in the modell ing process. 

Unfortunately, individual CBTs are not traceable to specific documentation, but tota ls for each 
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testing session are collected and reported. This practise may resu lt in variation in the 

accuracy of CST reporting. Smoothing the data is unl ikely to be helpful in this respect as it 

may in turn dilute the estimated relationship between CSTs and road safety outcomes. 

Furthermore, it is not known with any certainty if some months are more affected than 

others. Another option is to represent the CST effort with a dummy variable. Unfortunately, 

this option is not feasible here as the CST campaign covered the complete analysis period . 

Therefore, where applicable, CSTs wil l  be represented by monthly level data. 

In Figure 19 below the level of CSTs fol lows a regular seasonal pattern of large peaks in the 

month of December fol lowed by lower levels in January and February. This pattern is largely 

as a result of human resource allocation where police officers that are required for the annua l  

CST-Xmas period are given leave in the early New Year. The highest level of CSTs was in 

December 1995, with CSTs at their lowest numbers in July 1996. Somewhat surprisingly 

given the emphasis placed on breath testing in the SRSP drink-drive advertising, the number 

of CSTs appears to be reducing slightly across the time series. 
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Figure 19. Monthly Compulsory Breath Tests (CBTs) - Oct 1993 to Oec 1998 

Economic Indicators 

In terms of explanatory variables used in road safety models, typical ly only one variable is 

included to describe the economic conditions and this is usually chosen to be some measure 
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of unemployment (Hakim et a i ,  1991).  While factors included in the long downward trend in 

road crashes tend to have a relatively small effect in the short term, economic activity has 

been shown to have a strong short term effect (Joksch, 1984) . While economic indicators 

have been used as predictors of road accidents in road safety modeling for some time, their 

relationship was first estimated by Peltzman ( 1975) who developed a model of the demand 

for driving intensity that include an income effect. However, the role of economic factors was 

not widely accepted in the road safety area until the mid 1980's. In 1983, the Institute for 

Highway Safety published a graph of the relationship between the index of industrial 

production and traffic fatal ities in the US (Wagenaar, 1984). This was validated by Joksch in 

1984 when he found that industrial production provided the best fit among a series of 

economic indicators. 

More recently a variety of other economic indicators have been used in the road safety 

l iterature including the employment rate (Partyka, 1984) leading index (White et a l . ,  2000a) 

retai l  index (Tay, 2002) new car sales (Cameron et a l . ,  1995a; Cameron & Vulcan, 1998; 

Guria & Leung, 2004) a nd the unemployment rate (Cameron & Newstead, 1993a; Cameron & 

Vulcan, 1998; Guria & Leung, 2004; Macpherson, 1996; Macpherson & Lewis, 1996, 1998; 

Tay, 2005b; White et a l . ,  2000b). 

Overal l ,  the results strongly suggest that there is an inverse relationship between economic 

activity and road trauma. The negative sign of the unemployment rate coefficient in road 

safety models has been well discussed and documented in the literature (Brown,  Jewel, & 

Richer, 1996; Harry, 1997; Kenkel, 1993; McCarthy, 1991, 1994; Peltzman, 1975; Saffer & 

Chaloupka, 1989; Thoresen et a l . ,  1992; Zlatoper, 1987) .  One perspective of this relationship 

is that an increase in the level of economic activities will directly increase the amount of 

work-related travel thereby increasing the l ikelihood of a crash due to an  increase in 

exposure. Since the level of economic activities is a lso a significant determinant of the level 

of income, it wi l l  have an indirect effect on the travel demands, especia l ly discretionary 

driving, and more relevant to the current study, the demand for a lcohol consumption (Tay, 

2001) .  Furthermore, Evans and Graham ( 1988) claim that fata l crashes are very strongly 

affected in two ways by changes in the business cycle. Firstly, they are affected directly 

through changes in the total volume of travel, and secondly, indirectly through changes in 

levels of unemployment. It is l ikely that relatively smal l  changes in  unemployment produce 

relatively large changes in the numbers of marg inally employable young males on the road, 

with corresponding changes in crash numbers (White & Walker, 2002). 

The inclusion of an economic indicator in a road safety model is a lso consistent with the 

OECD ( 1997) principles as a representation of the socio-economic conditions factor. 
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However, the use of a common economic indicator, new car registrations may serve another 

purpose under the OECD model - a surrogate for transportation or exposure. 

Unemployment 

The most noticeable feature of the New Zealand unemployment data is the gradual decl ine 

towards the beginning of 1996 and the gradual increase since then. This pattern roughly 

coincides with the implantation of the SRSP advertising campaign .  
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Figure 20. Monthly Level of Unemployment 

New Car Registrations 

While unemployment is expected to have an inverse relationship with most road safety 

outcomes, it is hypothesized that the relationship between new cars and the dependent 

variables wil l  be positive (Cameron & Vulcan, 1998; White et a l . ,  2000a).  As the number of 

new car registrations increase there wil l  be a corresponding increase in the population's 

propensity to drive. From a purely economic standpoint, greater levels of new car 

reg istrations wil l  be an indication of better economic conditions, An improvement in 

economic conditions wil l produce an environment more favorable to greater levels of social 

drinking and consequently, greater levels of drink-driving. Furthermore, when considering 

the risk-exposure perspective the g reater the number of vehicles and d rivers on the road the 

greater the associated risk. This effect wil l  be tempered in some situations as g reater traffic 
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congestion wil l  restrict vehicle speed which is a lso a determinate of exposure (Hakim et ai ,  

1991) .  

New car registrations gradually increased from the beginning of the series in  October 1993 

through to a peak in May 1996 (see Figure 21) .  Registrations then gradual ly decreased 

through to May 1998 where they then appear to be increasing once more through to the end 

of the series. There does not appear to be any noticeable seasonal pattern in the time series. 
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Figure 21. Monthly New Car Registrations 

Unemployment and new car registrations are moderately and inversely correlated with one 

another (-. 57). However, the implementation of the SRSP advertising campaign does not 

coincide with a change the pattern of new car registrations as it does with the number 

unemployed. Given the moderate strength of the relationship between new car registrations 

and unemployment, it is not l ikely that there wil l be any issues with coll inearity if they were 

both placed into the same model .  
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APPENDIX 2. OUTPUT FOR CHAPTER 3 

Model l(a). Macpherson & Lewis Replication - EBTs & AI/-Theme Adstock 

Model R 
1 . 857 

Model 
1 Regression 

Residual 
Total 

Model Summary 

R Square 
.735 

Sum of 
Squares 

6.684 

2 .4 1 3  

9.098 

Adjusted 
R Square 

.657 

Std. Error of 
the Estimate 

.22423 

ANOVA 

df Mean Square 
1 4  .477 

48 .050 

62 

Coefficient� 

F 
9.496 

Unstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta 
1 (Constant) .441 1 .766 

Ln of all themes adstock - .007 .039 -.0 1 5  

Ln of cbts . 535 . 1 48 .595 

trend factors .020 .002 .939 

Ln of Feb dummy .249 . 1 52 . 1 77 

Ln of March dummy .270 . 1 44 . 1 92 

Ln of April dummy .296 . 1 44 .21 1 

Ln of May dummy . 383 . 1 48 .272 

Ln of June dummy .332 . 1 55 .236 

Ln of July dummy .537 . 1 68 .382 

Ln of August dummy .391 . 1 54 .278 

Ln of September dummy .405 . 1 55 .288 

Ln of October dummy . 387 . 1 36 .299 

Ln of November dummy . 340 . 1 39 .263 

Ln of December dummy .08 1 . 1 75 .063 

a . Dependent Variable: Ln of monthly EBTs 

Sig. 
.000 

t 
. 250 

- . 1 73 

3 . 6 1 7  

9 . 1 02 

1 .642 

1 .871 

2.055 

2.589 

2 . 1 49 

3. 1 98 

2 .539 

2.607 

2 .846 

2.453 

.463 

SiQ. 
. 804 

.863 

.001 

.000 

. 1 07 

.067 

.045 

.01 3 

.037 

.002 

. 0 1 4  

. 0 1 2  

.006 

.0 1 8  

.645 
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Mode/ 1(b). Macpherson & Lewis Replication - EBTs & Drink-Drive Adstock 

Model Summary 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .859 .738 .662 .22285 

ANOVA 

Sum of 
Model Squares df Mean Square F Sig. 
1 Regression 6.7 1 4  1 4  .480 9.657 . 000 

Residual 2.384 48 .050 

Total 9.098 62 

Coeffic ients" 

Unstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta t Sig. 
1 (Constant) .654 1 . 776 .368 . 7 1 4  

Ln of drink-drive adstock - .030 .038 - .069 -.792 .432 

Ln of cbts .527 . 1 47 . 587 3 .589 .001 

trend factors .020 .002 .960 9.568 .000 

Ln of Feb dummy .242 . 1 5 1 . 1 72 1 .60 1 . 1 1 6  

Ln of March dummy .260 . 1 44 . 1 85 1 .806 .077 

Ln of April dummy .288 . 1 44 .205 2 .002 .051 

Ln of May dummy .375 . 1 47 .267 2 . 554 .014  

Ln of June dummy .323 . 1 54 .230 2 .095 .042 

Ln of July dummy . 5 1 9  . 1 69 .369 3 .074 .003 

Ln of August dummy .364 . 1 57 .259 2 .322 .025 

Ln of September dummy .376 . 1 59 .267 2 .369 .022 

Ln of October dummy .369 . 1 37 . 285 2 .682 . 0 1 0  

Ln of November dummy . 3 1 5  . 1 42 .243 2 .225 .031 

Ln of December dummy .081 . 1 73 . 062 .465 .644 

a. Dependent Variable: Ln of monthly EBTs 
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Model 2(a), Macpherson & Lewis Replication - Drink-Drive Convictions & AI/­
Theme Adstock 

Model Summary 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 . 8 1 5  .664 .566 .08888 

AN OVA 

Sum of 
Model Squares df Mean Square F Sig. 
1 Regression . 748 1 4  .053 6.766 .000 

Residual .379 48 .008 

Total 1 . 1 28 62 

CoefficientSl 

Unstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta t 
1 (Constant) 7.098 .700 1 0 . 1 38 

Ln of al l  themes adstock .038 .01 5 . 232 2.454 

Ln of Feb dummy - .026 .060 - .053 -.434 

Ln of March dummy . 1 30 . 057 .262 2.264 

Ln of April dummy . 1 67 .057 . 337 2.921 

Ln of May dummy .238 .059 .482 4.070 

Ln of June dummy . 1 50 .06 1 . 304 2.455 

Ln of July dummy .221 .067 .447 3.321 

Ln of August dummy .249 .061 . 502 4.070 

Ln of September dummy .228 .062 .460 3.699 

Ln of October dummy .229 .054 . 503 4.248 

Ln of November dummy . 1 39 .055 . 305 2.528 

Ln of December dummy .294 .069 .646 4.251 

trend factors . 002 .00 1 . 2 1 5 1 .855 

Ln of cbts . 009 .059 . 029 . 1 58 

a. Dependent Variable: Ln of D-drive convictions 

Sig. 
.000 

.01 8 

.667 

.028 

.005 

.000 

.01 8 

.002 

.000 

.00 1 

.000 

.01 5 

.000 

.070 

.875 
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Model 2(b). Macpherson & Lewis Replication - Drink-Drive Convictions & 
Drink-Drive Adstock 

Model Summary 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .809 .655 .554 .09003 

ANOVA 

Sum of 
Model Squares df Mean Square F Sig. 
1 Regression . 738 1 4  .053 6.507 .000 

Residual . 389 48 .008 

Total 1 . 1 28 62 

Coefficients'! 

Unstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta t 
1 (Constant) 6.958 .7 1 8  9.697 

Ln of drink-drive adstock .033 .0 1 5  . 2 1 6  2 . 1 56 

Ln of cbts .025 .059 .079 .420 

trend factors .002 .001 .242 2 . 1 04 

Ln of Feb dummy - .0 1 9  .061 -.038 - .308 

Ln of March dummy . 1 35 .058 .273 2 .325 

Ln of April dummy . 1 72 .058 .347 2 .959 

Ln of May dummy .238 . 059 .480 4. 003 

Ln of June dummy . 1 57 .062 . 3 1 6 2 .51 5 

Ln of July dummy .240 .068 .486 3 .526 

Ln of August dummy .275 .063 . 555 4.335 

Ln of September dummy .253 .064 . 5 1 2  3.950 

Ln of October dummy .244 . 056 . 536 4. 394 

Ln of November dummy . 1 63 .057 .357 2 .843 

Ln of December dummy .288 .070 .633 4. 1 1 6 

a. Dependent Variable: Ln of D-drive convictions 

S iQ. 
.000 

.036 

.677 

.041 

.759 

.024 

.005 

.000 

.01 5 

.00 1 

.000 

.000 

.000 

.007 

.000 
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Model3(a). Macpherson & Lewis Replication - Serious Casualties & AII-Theme 
Adstock 

Model R 
1 .84 1  

Model 
1 Regression 

Residual 
Total 

Model Summary 

R Square 
. 707 

Sum of 
Squares 

1 .050 

.435 

1 .485 

Adjusted 
R Square 

.622 

AN OVA 

df 
1 4  

48 

62 

Std. Error of 
the Estimate 

.09520 

Mean Square 
.075 

.009 

CoefficientS' 

F 
8.279 

Unstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta 
1 (Constant) 6.297 .750 

Ln of al l themes adstock -.006 .0 1 6  -.031 

Ln of cbts -.038 .063 - . 1 05 

trend factors -.006 .001 -.696 

Ln of F eb dummy -.046 .064 -.080 

Ln of March dummy . 127  .061 .224 

Ln of April dummy -.007 .061 -.0 1 3  

L n  of May dummy .064 .063 . 1 1 2  

Ln of June dummy -.01 1 .066 -.0 1 9  

Ln of Ju ly dummy -.088 .071 - . 1 54 

Ln of August dummy -.086 .065 - . 1 5 1  

Ln of September dummy -.089 .066 -. 1 57 

Ln of October dummy .044 .058 .084 

Ln of November dummy - .0 1 3  .059 -.026 

Ln of December dummy . 1 84 .074 .351 

a.  Dependent Variable: Ln of serious casualties 

Sig. 
.000 

t 
8.397 

- .347 

-.607 

-6.424 

-. 7 1 0  

2 .078 

- . 1 1 9  

1 .0 1 2  

-. 1 62 

- 1 .228 

-1 .31 1 

- 1 .357 

.756 

- .228 

2.477 

S ig. 
.000 

. 730 

.547 

.000 

.481 

.043 

. 906 

. 3 1 6  

. 872 

.225 

. 1 96 

. 1 81 . 

.453 

.821 

. 0 1 7 
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Model3(b). Macpherson & Lewis Replication - Serious Casualties & Orink­
Drive Adstock 

Model Su mmary 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 . 84 1  . 707 .62 1  .09527 

AN OVA 

Sum of 
Model Squares df Mean Square F Sig. 
1 Regression 1 .050 14 .075 8.262 .000 

Residual .436 48 .009 

Total 1 .485 62 

Coefficients'! 

Unstandardized Standardized 
Coefficients Coefficients 

Model B Std . Error Beta t 
1 (Constant) 6.251 .759 8 .233 

Ln of drink-drive adstock .004 .01 6 .02 1 .224 

Ln of cbts - .039 . 063 - . 1 07 - .61 6 

trend factors - .006 .001 -.720 -6.783 

Ln of Feb dummy - .045 .065 -.079 -.691 

In of March dummy . 1 30 .062 .228 2 . 1 07 

In of April dummy - .005 .061 -.009 -.085 

In of May dummy .066 .063 . 1 1 7  1 .057 

In of June dummy - . 009 .066 -.01 5 -. 1 30 

Ln of J uly dummy - .085 .072 - . 1 50 -1 . 1 79 

Ln of August dummy - .082 .067 - . 1 44 - 1 .220 

Ln of September dummy - .085 .068 -. 1 49 -1 .248 

Ln of October dummy .047 .059 .090 .804 

Ln of November dummy - .0 1 0  .061 - .0 1 8  - . 1 57 

Ln of December dummy . 1 85 .074 .354 2.496 

a. Dependent Variable: Ln of serious casualties 

S ig. 
. 000 

.823 

.540 

.000 

.493 

.040 

.932 

. 296 

.897 

.244 

.228 

.2 1 8  

.425 

.876 

.0 1 6  
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Model 4(a). Macpherson & Lewis Replication - Fatalities & AII-Theme Adstock 

Model Summary 

Adjusted Std. Error of 
Model R R Square R Sguare the Estimate 
1 .674 .454 .295 . 1 7022 

ANOVA 

Sum of 
Model Squares df Mean Square F S ig. 
1 Regression 1 . 1 58 1 4  .083 2 .853 .003 

Residual 1 .39 1 48 .029 

Total 2 . 548 62 

Coefficients'! 

Unstandard ized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta t S ig. 
1 (Constant) 2.691 1 . 341 2 .007 .050 

Ln of all themes adstock -.022 .029 - .090 - .749 .457 

Ln of cbts . 1 04 . 1 1 2  . 2 1 9  .926 .359 

trend factors - .002 .002 -. 1 50 - 1 . 0 1 1 .3 1 7  

Ln of Feb dummy .024 . 1 1 5 .032 .207 .837 

Ln of March dummy .298 . 1 1 0  .400 2 . 7 1 3  .009 

Ln of April dummy -.004 . 1 09 - .005 - .033 .974 

Ln of May dummy . 1 00 . 1 1 2 . 1 35 . 893 .376 

Ln of June dummy .053 . 1 1 7  .071 .450 .655 

Ln of July dummy . 1 74 . 1 28 .233 1 . 361 . 1 80 

Ln of August dummy .055 . 1 1 7  .074 .472 .639 

Ln of September dummy .003 . 1 1 8  .004 .023 .982 

Ln of October dummy . 1 1 4 . 1 03 . 1 67 1 . 1 05 .275 

Ln of November dummy .241 . 1 05 .351 2 .285 . 027 

Ln of December dummy .255 . 1 33 .373 1 .926 .060 

a. Dependent Variable: Ln of Fatal ities 
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Model 4(b), Macpherson & Lewis Replication - Fatalities & Drink-Drive Adstock 

Model Summary 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .675 .455 .296 . 1 7009 

AN OVA 

Sum of 
Model Squares df Mean Square F Sig. 
1 Regression 1 . 1 60 1 4  .083 2 .863 .003 

Residual 1 .389 48 . 029 

Total 2 . 548 62 

Coefficients'! 

Unstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta t S ig. 
1 (Constant) 2.802 1 .356 2.067 . 044 

Ln of drink-drive adstock -.023 . 029 -. 1 00 -. 796 .430 

Ln of cbts .094 . 1 1 2  . 1 98 .839 .406 

trend factors -.002 . 002 - . 1 53 - 1 .059 .295 

Ln of Feb dummy . 0 1 9  . 1 1 5  .025 . 1 62 .872 

Ln of March dummy .293 . 1 1 0  .394 2.662 .01 1 

Ln of April dummy - .008 . 1 1 0 - .01 0 -.069 .945 

Ln of May d ummy . 1 00 . 1 1 2  . 1 34 .888 .379 

Ln of June d ummy .048 . 1 1 8  .064 .407 .685 

Ln of July dummy . 1 60 . 1 29 .2 1 5  1 .243 .220 

Ln of August dummy .036 . 1 20 .049 .304 .762 

Ln of September dummy - .0 1 6  . 1 2 1 - .022 -. 1 32 . 895 

Ln of October dummy . 1 03 . 1 05 . 1 50 .982 .331 

Ln of November dummy .224 . 1 08 . 326 2.068 .044 

Ln of December dummy .259 . 1 32 . 378 1 .954 . 057 

a. Dependent Variable: Ln of Fatalities 
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Model S(a). Macpherson & Lewis Replication - High Alcohol Hour Serious 
Crashes & AII-Theme Adstock 

Model Summary 

Adjusted Std. Error of 
Model R R Square R SCluare the Estimate 
1 .732 . 535 .400 .22268 

ANOVA 

Sum of 
Model Squares df Mean Sguare F Sift· 
1 Regression 2 .744 1 4  . 1 96 3.952 .000 

Residual 2.380 48 .050 

Total 5. 1 24 62 

Coefficients'! 

Unstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta t 
1 (Constant) 6.788 1 . 754 3 .870 

Ln of all themes adstock -.040 .038 - . 1 1 5  - 1 .030 

Ln of cbts -.222 . 1 47 -.330 -1 .51 5 

trend factors - .01 1 .002 - .700 -5. 1 28 

Ln of Feb dummy . 1 25 . 1 5 1 . 1 1 8  . 830 

Ln of March dummy .273 . 1 43 .259 1 .905 

Ln of April dummy .079 . 1 43 .074 . 548 

Ln of May dummy . 1 1 9  . 1 47 . 1 1 3  . 8 1 3  

Ln of June dummy .079 . 1 54 .075 . 5 1 2  

L n  of J uly dummy -.067 . 1 67 -.063 -.401 

Ln of August dummy . 1 67 . 1 53 . 1 58 1 .093 

Ln of September dummy .001 . 1 54 .00 1 .005 

Ln of October dummy . 1 66 . 1 35 . 1 7 1 1 .226 

Ln of November dummy . 1 03 . 1 38 . 1 06 .745 

Ln of December dummy .480 . 1 74 .495 2.769 

a. Dependent Variable: Ln of High Alcohol Serious I njuries 

Sig. 
.000 

.308 

. 1 36 

.000 

.41 0 

.063 

.586 

.420 

.61 1 

.690 

.280 

.996 

.226 

.460 

.008 
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Model 5(b). Macpherson & Lewis Replication - High Alcohol Hour Serious 
Crashes & Drink-Drive Adstock 

Model Summary 

Adjusted Std . Error of 
Model R R Square R Square the Estimate 
1 . 734 .539 .404 .22 1 88 

ANOVA 

Sum of 
Model Squares df Mean Square F Sig. 
1 Regression 2.761 14 . 1 97 4.006 . 000 

Residual 2.363 48 .049 

Total 5. 1 24 62 

Coefficient$! 

Unstandardized Standardized 
Coefficients Coefficients 

Model B Std . Error Beta t 
1 (Constant) 7.0 1 5  1 .768 3.967 

Ln of drink-drive adstock - .045 .038 -. 1 38 - 1 . 1 90 

Ln of cbts -.241 . 1 46 - .357 - 1 .648 

trend factors - .01 1 .002 - . 700 -5.260 

Ln of Feb dummy . 1 1 5 . 1 50 . 1 09 .764 

Ln of March dummy . 263 . 1 43 .250 1 .836 

Ln of April dummy . 070 . 1 43 .066 .490 

Ln of May dummy . 1 1 7  . 1 46 . 1 1 1  . 799 

Ln of June dummy . 069 . 1 53 .065 .448 

Ln of Ju ly dummy -.094 . 1 68 - .089 - .557 

Ln of August dummy . 1 30 . 1 56 . 1 23 . 834 

Ln of September dummy -.036 . 1 58 -.035 - .230 

Ln of October dummy . 1 43 . 1 37 . 1 47 1 .047 

Ln of November dummy .069 . 1 41 .071 .489 

Ln of December dummy .486 . 1 73 .500 2 .8 1 5  

a.  Dependent Variable: Ln of High Alcohol Serious I njuries 

Sig. 
.000 

.240 

. 1 06 

.000 

.449 

.073 

.626 

.428 

.656 

.580 

.409 

. 8 1 9  

.300 

.627 

.007 
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Model 6(a). Replication of Cam er on & Vulcan (1998) - Serious Crashes & New 
Cars 

Model Summary 

Adjusted Std. Error of 
Model R R Square R Sguare the Estimate 
1 .834 .695 .589 .0991 8 

Coefficients<' 

Unstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta t 
1 (Constant) 7.961 1 .509 5 .274 

SRSP for Sept 95 to Sept 
. 1 34 . 042 . 342 3. 1 64 

96 

SRSP for Sept 96 to Sept 
-.037 .04 1 -.095 - .920 

97 

SRSP for Sept 97 to Sept 
. 1 70 .039 .434 4 .3 1 0  

98 

Ln of Feb dummy -.008 .067 - .0 1 5  -. 1 23 

Ln of March dummy . 1 96 .065 .345 3.008 

Ln of April dummy - .028 .065 -.049 -.427 

Ln of May dummy . 1 29 .066 .228 1 .965 

Ln of June dummy .042 .068 .073 .609 

Ln of July dummy .01 7 .074 .029 .225 

Ln of August dummy - .0 1 8  .069 -.032 - .267 

Ln of September dummy - .023 .069 -.040 - .329 

Ln of October dummy .049 .06 1 .093 .799 

Ln of November dummy .02 1 .062 .040 .335 

Ln of December dummy .053 .074 . 1 02 . 723 

Ln of cbts . 1 09 .062 .300 1 .757 

Ln of new car 
-.373 . 1 20 -.385 -3. 1 20 registrations 

a. Dependent Variable: Ln of serious casualties 

S ig. 
.000 

.003 

.362 

.000 

.903 

.004 

.672 

.055 

.546 

.823 

.791 

.744 

.428 

. 740 

.473 

.086 

. 003 
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Model 6(b). Replication of Cameron & Vulcan (1998) - Serious Crashes & 
Unemployment 

M odel Summary 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .799 .638 . 51 3  . 1 0806 

Coefficients"l 

Unstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta t 
1 (Constant) 6.231 2.609 2.388 

SRSP for Sept 95 to Sept 
.034 .053 .087 .638 

96 

SRSP for Sept 96 to Sept 
-. 1 25 .047 -.3 1 9  -2.675 

97 

SRSP for Sept 97 to Sept 
. 1 48 .043 .378 3.467 

98 

Ln of Feb dummy .0 1 5  .073 .027 .208 

Ln of March dummy . 1 42 .071 .250 1 .998 

Ln of April dummy -.004 .072 -.008 -.062 

Ln of May dummy .083 .074 . 1 45 1 . 1 22 

Ln of June dummy .038 .076 .066 .497 

Ln of July dummy -.004 .082 - .007 -.048 

Ln of August dummy - .047 .076 -.083 -.628 

Ln of September dummy -.053 .076 -.094 -.698 

Ln of October dummy .008 .066 . 0 1 6  . 1 25 

Ln of November dummy -.004 .068 -.008 -.061 

Ln of December dummy . 0 1 4  .079 .027 . 1 76 

Ln of cbts . 1 6 1 .065 .444 2.483 

Ln of total registered 
-.200 .205 - . 1 42 -.976 unemployed 

a. Dependent Variable: Ln of serious casualties 

Si�. 
.021  

. 527 

. 0 1 0  

.001  

. 836 

. 052 

.951  

. 268 

. 622 

. 962 

. 533 

.489 

.901  

. 952 

.861  

. 0 1 7  

.334 

170 



Model 6(c). Replication of White et al (2000a) - Serious Crashes, New Cars & 
Trend 

Model Summary 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .874 .764 .674 .08834 

CoefficientS' 

U nstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta t 
1 (Constant) 6.300 1 .42 1 4.432 

SRSP for Sept 95 to Sept 
. 1 02 .039 .260 2.630 

96 

SRSP for Sept 96 to Sept 
.002 .038 . 005 .050 

97 

SRSP for Sept 97 to Sept 
- .033 .052 -.084 -.632 

98 

Ln of Feb dummy -.029 .060 - .051  -.485 

Ln of March dummy . 1 46 .060 . 257 2.454 

Ln of April dummy - .006 .058 - .0 1 1 - . 1 03 

Ln of May dummy .085 .060 . 1 49 1 .4 1 6  

Ln of June dummy .01 1 .061 . 0 1 9  . 1 80 

Ln of July dummy -.051 .069 -.090 -.749 

Ln of August dummy -.061 .062 - . 1 08 -.985 

Ln of September dummy -.064 .063 - . 1 1 3  - 1 .024 

Ln of October dummy .048 .054 . 092 .885 

Ln of November dummy .002 .056 .004 .033 

Ln of December dummy . 1 45 .07 1 . 277 2 .050 

Ln of cbts .014 .061 .039 .229 

Ln of new car 
-.073 . 1 35 - .075 -.536 registrations 

trend factors -.005 .00 1 - .567 -3.603 

Sig. 
.000 

.0 1 2  

.960 

.531 

.630 

.01 8 

.91 9 

. 1 64 

.858 

.458 

.330 

.31 1 

.381 

.974 

.046 

.820 

.594 

.001 
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Model 6(d). Replication of White et al (2000a) - Serious Crashes, 
Unemployment & Trend 

Model Summary 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .877 .769 .682 .08734 

Coefficients'! 

Unstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta 
1 (Constant) 7.972 2. 1 37 

SRSP for Sept 95 to Sept 
.058 .043 . 1 48 

96 

SRSP for Sept 96 to Sept 
-.027 .042 -.068 

97 

SRSP for Sept 97 to Se pt 
- .0 1 4  .043 - .036 

98 

Ln of Feb dummy -.035 .060 -.061 

Ln of March dummy . 1 24 .057 . 2 1 8 

Ln of April dummy -.0 1 7  . 058 -.030 

Ln of May dummy .059 .060 . 1 05 

Ln of June dummy -.003 .062 - .006 

Ln of July dummy -.070 .067 - . 1 24 

Ln of August dummy -.079 .061 - . 1 39 

Ln of September dummy -.083 .062 - . 1 46 

Ln of October dummy .034 .054 .065 

Ln of November dummy -.007 .055 - .0 1 4  

Ln of December dummy . 1 53 .070 .292 

Ln of cbts .0 12  .060 .032 

Ln of total registered 
- . 1 91 . 1 66 - . 1 36 unemployed 

trend factors -.005 .00 1 - .61 7 

t Sig. 
3.731 .001 

1 .335 . 1 89 

-.630 . 532 

-.328 .744 

-.580 .565 

2 . 1 5 1  .037 

-.288 .775 

.995 .325 

-.056 .956 

-1 .045 .30 1 

-1 .284 .206 

-1 .337 . 1 88 

.633 .530 

-. 1 33 .895 

2 . 1 95 .033 

. 1 94 .847 

-1 . 1 56 .254 

-5.042 .000 
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Model 7(a). Replication of Cameron & Vulcan (1998) - EBTs & New Cars 

Model Summary 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 . 884 .782 .706 .20764 

ANOVA 

Sum of 
Model Squares df Mean Square F Sig. 
1 Regression 7. 1 1 4 1 6  .445 1 0. 3 1 3  .000 

Residual 1 .983 46 .043 

Total 9.098 62 

Coefficients'! 

Unstandardized Standardized 
Coefficients Coefficients 

M odel B Std. Error Beta t S ig. 
1 (Constant) . 1 77 3. 1 60 .056 .956 

Ln of cbts .059 . 1 30 .066 .459 .649 

SRSP for Sept 95 to Sept 
- .245 .088 - .253 -2.766 .008 

96 

SRSP for Sept 96 to Sept 
.4 1 7  .085 .43 1 4.9 1 3  .000 

97 

SRSP for Sept 97 to Sept 
.6 1 7  .082 .638 7.497 .000 

98 

Ln of Feb dummy . 1 1 3  . 1 41 .081 .805 .425 

Ln of March dummy . 1 3 1 . 1 36 .093 .960 .342 

Ln of April dummy .320 . 1 36 .227 2 . 344 .023 

Ln of May dummy .245 . 1 38 . 1 74 1 . 777 .082 

Ln of June dummy . 1 9 1 . 1 43 . 1 36 1 . 337 . 1 88 

Ln of July dummy .270 . 1 55 . 1 92 1 . 742 .088 

Ln of August dummy .240 . 1 44 . 1 7 1 1 .674 . 1 0 1  

Ln of September dummy .261 . 1 45 . 1 86 1 .802 . 078 

Ln of October dummy .433 . 1 27 .335 3.40 1 .00 1 

Ln of November dummy .294 . 1 30 .227 2 .264 .028 

Ln of December dummy .529 . 1 55 .409 3.420 .00 1 

Ln of new car 
.645 .251 .269 2 .576 .0 1 3  registrations 

a . Dependent Variable: Ln of monthly EBTs 
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Model 7(b). Replication of Cameron & Vulcan (1998) - EBTs & Unemployment 

Model Summary 

Adjusted Std. Error of 
Model R R Square R Sguare the Estimate 
1 .868 .753 .667 .22 1 05 

ANOVA 

Sum of 
Model Squares df Mean Square F Sig. 
1 Regression 6.850 1 6  .428 8.762 .000 

Residual 2.248 46 .049 

Total 9.098 62 

Coefficients'l 

Unstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta t Sig. 
1 (Constant) 3.976 5.337 .745 .460 

Ln of cbts - .031 . 1 33 -.035 - .234 . 8 1 6 

SRSP for Sept 95 to Sept 
-.084 . 1 09 -.087 -.768 .446 96 

SRSP for Sept 96 to Sept 
. 559 .095 .578 5. 869 . 000 97 

SRSP for Sept 97 to Sept 
.581 .087 .601 6.664 .000 98 

Ln of Feb dummy . 070 . 1 49 .050 .471 .640 

Ln of March dummy .220 . 1 45 . 1 56 1 .5 1 3 . 1 37 

Ln of April d um my .273 . 1 47 . 1 94 1 .853 .070 

Ln of May dummy . 3 1 9  . 1 51 .227 2 . 1 20 .039 

Ln of J u ne d ummy . 1 94 . 1 55 . 1 38 1 .251  .2 1 7  

Ln of J uly dummy .301  . 1 67 .214 1 .806 .077 

Ln of August dummy .287 . 1 54 .204 1 .856 .070 

Ln of September dummy .309 . 1 56 .220 1 .979 . 054 

Ln of October dummy .500 . 1 36 . 386 3. 679 .001  

Ln of November dummy .336 . 1 38 . 259 2 .430 .0 1 9  

Ln of December dummy .600 . 1 62 .463 3.70 1 .001 

Ln of total registered 
.279 .4 1 9  .080 .666 . 509 unemployed 

a .  Dependent Variable: Ln of monthly EBTs 
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Model 7(c). Replication of White et al (2000a) - ESTs, New Cars & Trend 

Model R 
1 .938 

Model 
1 Regression 

Residual 
Total 

Model Su mmary 

R Square 
.879 

Sum of 
Squares 

7.999 

1 .099 

9.098 

Adjusted 
R Square 

.834 

ANOVA 

df 
1 7  

45 

62 

Std. E rror of 
the Estimate 

. 1 5625 

Mean Square 
.47 1 

.024 

Coefficients'! 

F 
1 9 . 273 

Unstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta 
1 (Constant) 5.086 2 . 5 1 4  

Ln of cbts .340 . 1 08 . 378 

SRSP for Sept 95 to Sept 
- . 1 50 . 068 - . 1 55 

96 

SRSP for Sept 96 to Sept 
.301 .067 . 3 1 1  

97 

SRSP for Sept 97 to Sept 
.21 3 .091 .220 98 

Ln of Feb dummy . 1 75 . 1 06 . 1 25 

Ln of March dummy .277 . 1 05 . 1 97 

Ln of April dummy .255 . 1 03 . 1 82 

Ln of May dummy .376 . 1 06 .268 

Ln of June dummy .282 . 1 09 .200 

Ln of July dummy .471 . 1 2 1  .335 

Ln of August dummy .367 . 1 1 0  .26 1 

Ln of September dummy .383 . 1 1 1  .273 

Ln of October dummy .435 .096 .336 

Ln of November dummy .350 .098 .27 1 

Ln of December dummy .260 . 1 25 .20 1 

Ln of new car 
registrations -.243 .239 - . 1 0 1  

trend factors .0 14  .002 .677 

a.  Dependent Variable: Ln of monthly E BTs 

S ig. 
.000 

t 
2.023 

3 . 1 42 

-2. 1 94 

4.51 7 

2 .329 

1 .646 

2 .631 

2.474 

3.55 1  

2 .589 

3.883 

3 .337 

3.457 

4.540 

3 .565 

2 .083 

-1 .01 6 

6.0 1 9  

SiQ. 
.049 

.003 

. 033 

. 000 

. 024 

. 1 07 

. 0 1 2  

.0 1 7  

.001  

. 0 1 3  

. 000 

.002 

.001  

. 000 

.001  

. 043 

. 3 1 5  

. 000 
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Model 7( d). Replication of White et al (2000a) - ESTs, Unemployment & Trend 

Model Summary 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 . 937 .879 .833 . 1 5672 

ANOVA 

Sum of 
Model Squares df Mean Square F Sig. 
1 Regression 7.992 1 7  .470 1 9. 1 42 .000 

Residual 1 . 1 05 45 .025 

Total 9.098 62 

Coefficient� 

Unstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta t SiQ. 
1 (Constant) -.250 3.835 - .065 .948 

Ln of cbts .332 . 1 08 .369 3.067 .004 

SRSP for Sept 95 to Sept 
- . 1 42 .078 - . 1 46 -1 .821 .075 

96 

SRSP for Sept 96 to Sept 
.322 . 076 .332 4.230 .000 

97 

SRSP for Sept 97 to Sept 
.257 . 078 .266 3.296 .002 

98 

Ln of Feb dummy . 1 9 1 . 1 07 . 1 36 1 . 784 .081 

Ln of March dummy .264 . 1 03 . 1 88 2 .557 . 0 1 4  

Ln  of  April dummy .303 . 1 05 . 2 1 6  2 .898 .006 

Ln of May dummy .376 . 1 07 .267 3.508 .001 

Ln of June dummy .293 . 1 1 1  .209 2 .649 . 0 1 1 

Ln of J uly dummy .462 . 1 2 1  .329 3.833 .000 

Ln of August dummy . 363 . 1 1 0  .258 3.295 .002 

Ln of September dummy .381 . 1 1 1  .271 3.423 .00 1 

Ln of October dummy .437 .097 .338 4.5 1 7  . 000 

Ln of November dummy . 343 .098 .265 3 .505 .001 

Ln of December dummy .262 . 1 25 .203 2.097 .042 

Ln of total registered 
.259 .297 .074 .871 .389 unemployed 

trend factors . 0 1 3  .002 .605 6.820 .000 

a. Dependent Variable: Ln of monthly EBTs 
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Mode/ B(a). Replication of Cameron & Vu/can (1998) - Drink-Drive Convictions 
& New Cars 

Model Summary 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .823 .677 .565 . 08899 

ANOVA 

Sum of 
Model Squares df Mean Square F Sig. 
1 Regression .763 1 6  . 048 6.023 .000 

Residual .364 46 . 008 

Total 1 . 1 28 62 

Coeffi c ie nts'l 

Unstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta t 
1 (Constant) 8.067 1 .354 5.956 

SRSP for Sept 95 to Sept 
. 1 07 .038 . 3 1 5  2 .827 

96 

SRSP for Sept 96 to Sept 
-. 1 26 .036 -.369 -3.461 

97 

SRSP for Sept 97 to Sept 
.077 .035 .225 2 . 1 75 

98 

Ln of Feb dummy -.040 . 060 -.081 -.666 

Ln of March dummy . 1 26 . 058 .254 2. 1 57 

Ln of April dum my . 1 57 .058 . 3 1 8  2 .693 

Ln of May dummy .230 .059 .465 3.896 

Ln of June dummy . 1 4 1  .061  .286 2.307 

Ln of July dummy .21 3  .066 .431 3.2 1 5  

L n  of August dummy .249 .062 .502 4.039 

Ln of September dummy .226 .062 .456 3.637 

Ln of October dummy .243 .055 .533 4 .445 

Ln of November dummy . 1 49 .056 .326 2.670 

Ln of December dummy .337 .066 .739 5.079 

Ln of cbts -.02 1 .056 -.065 -.369 

Ln of new car 
-.041 . 1 07 -.049 -.383 registrations 

a. Dependent Variable: Ln of D-drive convictions 

Sig. 
.000 

.007 

.001 

.035 

.509 

.036 

.01 0 

.000 

.026 

.002 

.000 

.001 

.000 

. 0 1 0  

.000 

. 7 1 4  

.703 
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Model 8(b). Replication of Cameron & Vulcan (1998) - Drink-Drive Convictions 
& Unemployment 

Model R 
1 .825 

Model 
1 Regression 

Residual 
Total 

Model Summary 

R Square 
.680 

Sum of 
Squares 

.767 

.360 

1 . 1 28 

Adjusted 
R Square 

.569 

Std. Error of 
the Estimate 

.08850 

ANOVA 

df Mean Square 
1 6  .048 

46 .008 

62 

Coefficient� 

F 
6 . 1 23 

Unstandard ized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta 
1 (Constant) 5.944 2 . 1 37 

SRSP for Sept 95 to Sept 
. 1 24 .044 .363 

96 

SRSP for Sept 96 to Sept 
. 1 37 .038 .40 1 

97 

SRSP for Sept 97 to Sept 
.076 .035 .223 

98 

Ln of Feb dummy -.031 .060 - .064 

Ln of March dummy . 1 3 1 .058 .265 

Ln of April d u m my . 1 75 .059 .353 

Ln of May dummy .240 . 060 .485 

Ln of June dummy . 1 52 .062 .307 

Ln of J uly dummy .221 .067 .446 

Ln of August d ummy .255 .062 . 5 1 5  

Ln of September dummy .233 .063 .47 1 

Ln of October d u mmy .247 .054 .541 

Ln of November dummy . 1 50 .055 .329 

Ln of December dummy .328 .065 . 7 1 9  

L n  o f  cbts - .0 1 5  .053 -.046 

Ln of total registered 
. 1 37 . 1 68 . 1 1 1  unemployed 

a . Dependent Variable: Ln of D-drive convictions 

Sig. 
.000 

t 
2.782 

2 .828 

3. 578 

2. 1 7 1 

-.527 

2.255 

2.963 

3.979 

2.449 

3.309 

4. 1 23 

3.726 

4.538 

2.7 1 5  

5.053 

-.273 

.8 1 5  

S ig. 
.008 

.007 

.001 

.035 

.601 

.029 

.005 

.000 

.0 1 8  

.002 

.000 

.001 

.000 

.009 

. 000 

. 786 

.4 1 9  
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Mode/ S(c). Rep/ication of White et a/ (2000a) - Drink-Drive Convictions, New 
Cars & Trend 

Model Summary 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .851 .725 .62 1  .08307 

AN OVA 

Sum of 
Model Squares df Mean Square F SiQ. 
1 Regression .8 1 7  1 7  .048 6.966 .000 

Residual . 3 1 0  45 .007 

Total 1 . 1 28 62 

Coefficients'! 

Unstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta t 
1 (Constant) 9.278 1 .336 6.942 

SRSP for Sept 95 to Sept 
. 1 30 .036 .383 3. 589 

96 

SRS P  for Sept 96 to Sept 
. 097 .035 .286 2.745 

97 

SRSP for Sept 97 to Sept 
- .023 .049 - .067 -.473 

98 

Ln of Feb dummy - .025 .057 -.050 -.440 

Ln of March dummy . 1 62 .056 .327 2.892 

Ln of April dummy . 1 42 .055 .286 2 .580 

Ln of May dummy .263 .056 .53 1 4 .660 

Ln of June dummy . 1 64 .058 .331 2.833 

Ln of J uly dummy .263 .064 .53 1 4 .080 

Ln of August dummy .280 .059 .566 4.782 

Ln of September dummy .256 .059 .5 1 7  4.342 

Ln of October dummy .243 .051 .534 4.771 

Ln of November dummy . 1 63 .052 .357 3. 1 1 1  

Ln of December dummy .270 .066 .593 4. 077 

Ln of cbts . 049 .057 . 1 54 .845 

Ln of new car 
- .260 . 1 27 -.308 -2.045 registrations 

trend factors .003 .001 .474 2.792 

a.  Dependent Variable: Ln of D-drive convictions 

Sig. 
.000 

.001 

.009 

.638 

.662 

.006 

.0 1 3  

.000 

.007 

.000 

.000 

.000 

.000 

.003 

.000 

.402 

.047 

.008 

179 



Model 8(d). Replication of White et al (2000a) - Drink-Drive Convictions, 
Unemployment & Trend 

Model Summary 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .839 .703 .591 . 08620 

AN OVA 

Sum of 
Model Squares df Mean Square F Sig. 
1 Regression .793 1 7  .047 6.279 .000 

Residual .334 45 .007 

Total 1 . 1 2 8  62 

CoefficientS! 

Unstandard ized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta t 
1 (Constant) 5.308 2 . 1 09 2 .5 1 7  

SRSP for Sept 95 t o  Sept 
. 1 1 5  .043 .337 2 .683 

96 

SRS P  for Sept 96 to Sept 
. 1 0 1  .042 .296 2 .409 

97 

S RSP for Sept 97 to Sept 
.027 .043 .079 .630 

98 

Ln of Feb dummy -.0 1 3  .059 - .027 - .225 

Ln of March dummy . 1 38 .057 .278 2 .427 

Ln of April dummy . 1 79 .058 .362 3 . 1 1 7  

Ln of May dummy .248 .059 .502 4.2 1 7  

L n  of June dummy . 1 67 .061 .337 2 .738 

Ln of July dummy .245 .066 .495 3.697 

Ln of August dummy .266 .061 .538 4.400 

Ln of September dummy .244 .061 .493 3.985 

Ln of October dummy .237 .053 .52 1 4.460 

Ln of November dummy . 1 5 1 .054 .332 2.809 

Ln of December dummy .277 .069 .608 4.027 

Ln of cbts .040 . 059 . 1 27 .674 

Ln of total registered 
. 1 34 . 1 63 . 1 09 .8 1 8  unemployed 

trend factors .002 .001 .259 1 .866 

a. Dependent Variable: Ln of D-drive convictions 

Sig. 
.01 5 

.0 1 0  

.020 

.532 

.823 

.01 9 

.003 

.000 

.009 

.001 

.000 

.000 

.000 

.007 

.000 

.504 

.4 1 8  

.069 
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Model 9(a). Replication of Cameron & vulcan (1998) - Fatalities & New Cars 

Model Summary 

Adjusted Std . Error of 
Model R R Square R Square the Estimate 
1 .672 .452 .262 . 1 7420 

Coefficients'! 

U nstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta t Sig. 
1 (Constant) 3.003 2.651 1 . 1 33 .263 

Ln of cbts . 1 1 6  . 1 09 .245 1 .070 . 290 

SRSP for Sept 95 to Sept 
- .026 .074 -.051 -.353 . 726 

96 

SRSP for Sept 96 to Sept 
- .039 .071 -.076 - .546 . 588 

97 

SRSP for Sept 97 to Sept 
- . 1 04 .069 - .202 - 1 .500 . 1 40 

98 

Ln of new car 
-.064 .2 1 0  -.050 - .305 . 762 registrations 

Ln of Feb dummy .027 . 1 1 8  .036 .226 .822 

Ln of March dummy .309 . 1 1 4  .41 5 2.704 . 0 1 0  

L n  of April dummy -.009 . 1 1 4  - .0 1 2  -.076 .940 

Ln of May dummy . 1 1 1  . 1 1 6  . 1 49 .960 . 342 

Ln of June dummy .056 . 1 20 .075 .463 .646 

Ln of Ju ly dummy . 1 8 1 . 1 30 .243 1 .391 . 1 7 1 

Ln of August dummy .057 . 1 2 1  .077 .477 .636 

Ln of September dummy .006 . 1 2 1  .008 .046 .964 

Ln of October dummy . 1 1 1  . 1 07 . 1 6 1  1 .035 .306 

Ln of November dummy .238 . 1 09 .347 2. 1 8 1 . 0 34 

Ln of December dummy .232 . 1 30 .339 1 .787 .080 

a. Dependent Variable: Ln of Fatalities 
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Model 9(b). Replication of Cameron & Vulcan (1998) - Fatalities & 
Unemployment 

Model Summary 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .674 .454 .265 . 1 7384 

Coefficients'! 

Unstandardized Standardized 
Coefficients Coefficients 

Model B Std . Error Beta 
1 (Constant) 4.433 4. 1 98 

Ln of cbts . 1 25 . 1 04 .263 

SRSP for Sept 95 to Sept 
- .068 .086 -. 1 32 

96 

SRSP for Sept 96 to Sept 
- .072 .075 -. 1 4 1  

97 

S RSP for Sept 97 to Sept 
-.097 .069 - . 1 89 

98 

Ln of Feb dummy .025 . 1 1 7  .034 

Ln of March dummy .290 . 1 1 4  . 390 

Ln of April dummy - .0 1 8  . 1 1 6  - .024 

Ln of May dummy .090 . 1 1 8  . 1 20 

Ln of June dummy . 045 . 1 22 .061 

Ln of July dummy . 1 68 . 1 3 1 . 226 

Ln of August dummy .044 . 1 2 1 . 059 

Ln of September dummy -.009 . 1 23 - .0 1 2  

L n  of October dummy . 096 . 1 07 . 1 40 

Ln of November dummy .230 . 1 09 .336 

Ln of December dummy . 230 . 1 27 . 335 

Ln of total registered 
-. 1 76 . 330 - .095 unemployed 

a . Dependent Variable: Ln of Fatalities 

t SiQ. 
1 .056 .296 

1 . 1 98 .237 

- .790 .434 

-.961 . 342 

-1 .4 1 3  . 1 64 

. 2 1 5  .830 

2.541 . 0 1 4  

-. 1 55 .878 

.756 .453 

.372 . 7 1 2  

1 .284 .206 

.362 . 7 1 9  

-.076 .940 

.900 . 373 

2.1 1 6  . 040 

1 .802 .078 

-.535 .595 
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Mode/ 9(c). Replication of White et a/ (2000a) - Fatalities, New Cars & Trend 

Model Summary 

Adjusted Std . Error of 
Model R R Square R Square the Estimate 
1 .675 .456 .250 . 1 7553 

Coefficients" 

U nstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta t Sig. 
1 (Constant) 2.496 2 . 824 .884 .382 

Ln of cbts .087 . 1 2 1  . 1 84 .720 .476 

SRSP for Sept 95 to Sept 
- .036 .077 -.070 -.468 .642 

96 

SRSP for Sept 96 to Sept 
-.027 .075 -.053 - .359 .721 

97 

SRSP for Sept 97 to Sept 
- .062 . 1 03 - . 1 2 1  -.602 .550 

98 

Ln of Feb dummy .020 . 1 20 .027 . 1 70 .866 

Ln of March dummy .294 . 1 1 8  .395 2.484 .0 1 7  

Ln of April dummy - .002 . 1 1 6  - .003 -.01 8 .986 

Ln of May dummy .097 . 1 1 9  . 1 3 1 .81 8 .41 8  

Ln of June dummy .046 . 1 22 .062 .379 .707 

Ln of July dummy . 1 60 . 1 36 . 2 1 5  1 . 1 75 .246 

Ln of August dummy .044 . 1 24 .060 .359 .722 

Ln of September dummy -.007 . 1 25 - .009 -.057 .955 

Ln of October dummy . 1 1 0  . 1 08 . 1 6 1 1 .025 .31 1 

Ln of November dummy .232 . 1 1 0  .339 2. 1 02 .041 

Ln of December dummy .260 . 1 40 . 379 1 .854 .070 

trend factors - .001 .003 -. 1 32 -.554 .583 

Ln of new car 
.028 .269 .022 . 1 03 . 9 1 8  registrations 

a. Dependent Variable: Ln of Fatalities 
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Model 9(d). Replication of White et al (2000a) - Fatalities, Unemployment & 
Trend 

Model Su m mary 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .678 .459 .255 . 1 7502 

Coefficients" 

Unstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta t 
1 (Constant) 4.861 4.282 1 . 1 35 

Ln of cbts .088 . 1 2 1 . 1 86 . 7 3 1  

SRSP for Sept 95 to  Sept 
-.062 .087 - . 1 2 1  -.7 1 2  

96 

SRSP for Sept 96 to Sept 
-.048 .085 -.094 -.564 

97 

SRSP for Sept 97 to Sept 
-.064 .087 - . 1 25 -.735 

98 

Ln of Feb dummy .0 1 3  . 1 20 . 0 1 7  . 1 09 

Ln of March dummy .286 . 1 1 5  .384 2.480 

Ln of April dummy -.02 1 . 1 1 7  -.028 - . 1 80 

Ln of May dummy .084 . 1 20 . 1 1 3  .70 1 

Ln of June dummy .035 . 1 24 .047 .284 

Ln of July dummy . 1 52 . 1 35 .204 1 . 1 29 

Ln of August dummy .036 . 1 23 .049 .295 

Ln of September dummy - .0 1 7  . 1 24 -.022 -. 1 33 

Ln of October dummy . 1 03 . 1 08 . 1 50 .949 

Ln of November dummy .229 . 1 09 .334 2 .095 

Ln of December dummy .264 . 1 40 .385 1 .889 

trend factors -.00 1 .002 -. 1 1 6  - .6 1 9  

L n  of total registered 
- . 1 74 .332 -.094 -.525 unemployed 

a . Dependent Variable: Ln of Fatal ities 

Sig. 
.262 

.468 

.480 

.575 

.466 

. 9 1 4  

.0 1 7  

.858 

.487 

.777 

.265 

.769 

.895 

. 348 

.042 

.065 

. 539 

.602 
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Model 10(a). Replication of Cameron & Vulcan (1998) - High Alcohol Hour 
Serious Crashes & New Cars 

Model Su mmary 

Adjusted Std. E rror of 
Model R R Square R Square the Estimate 
1 .71 5 . 5 1 1 .340 .23349 

Coefficients" 

Unstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta t 
1 (Constant) 9.61 6 3 . 553 2.706 

Ln of cbts .037 . 1 46 .055 .253 

SRSP for Sept 95 to Sept 
.2 1 8  . 099 .300 2. 1 92 

96 

SRSP for Sept 96 to Sept 
-.089 . 095 - . 1 23 -.934 

97 

SRSP for Sept 97 to Sept 
-.373 . 093 - . 5 1 4  -4.033 

98 

Ln of Feb dummy . 1 93 . 1 58 . 1 83 1 .2 1 8  

L n  of March dummy .399 . 1 53 .378 2.603 

Ln of April dummy .044 . 1 53 .041 .285 

Ln of May dummy .242 . 1 55 .230 1 .563 

Ln of June dummy . 1 72 . 1 6 1  . 1 63 1 .069 

Ln of July dummy . 1 1 6  . 1 74 . 1 1 0  .668 

Ln of AUQust dummy .284 . 1 62 .270 1 .761 

Ln of September dummy . 1 1 8  . 1 63 . 1 1 2  .727 

Ln of October dummy . 1 73 . 1 43 . 1 78 1 .208 

Ln of November dummy . 1 60 . 1 46 . 1 65 1 .095 

Ln of December dummy .242 . 1 74 .249 1 .389 

Ln of new car 
-.667 .282 - .370 -2.367 registrations 

a. Dependent Variable: Nat log of HAH Serious injuries 

Sig. 
.0 1 0  

. 802 

.033 

. 355 

.000 

.229 

. 0 1 2  

.777 

. 1 25 

.291  

.507 

.085 

.47 1 

.233 

.279 

. 1 72 

.022 
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Model 10(b). Replication of Cameron & Vulcan (1998) - High Alcohol Hour 
Serious Crashes & Unemployment 

Model Summary 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .674 .454 .264 .24668 

Coefficient$! 

U nstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta t 
1 (Constant) 4.921 5.956 .826 

Ln of cbts . 1 3 1 . 1 48 . 1 94 .881 

SRSP for Sept 95 to Sept 
.063 . 1 22 .086 . 5 1 5  

96 

SRSP for Sept 96 to Sept 
-.228 . 1 06 - .314 -2. 1 46 

97 

SRSP for Sept 97 to Sept 
. 337 .097 .465 3.467 

98 

Ln of Feb dummy .240 . 1 66 .227 1 .441 

Ln of March dummy . 3 1 2  . 1 62 .295 1 .924 

Ln of April dummy .098 . 1 65 .093 .594 

Ln of May dummy . 1 7 1  . 1 68 . 1 62 1 .0 1 8  

L n  of June dummy . 1 74 . 1 73 . 1 65 1 .006 

Ln of J uly dummy .088 . 1 86 .083 .471 

Ln of August dummy .240 . 1 72 .228 1 .395 

Ln of September dummy . 073 . 1 74 . 069 .41 6 

Ln of October dummy . 1 08 . 1 52 . 1 1 1  . 7 1 2  

L n  of November dummy . 1 1 9  . 1 54 . 1 23 .772 

Ln of December dummy . 1 67 . 1 8 1  . 1 72 .925 

Ln of total registered 
- .225 .468 - .086 - .481 unemployed 

a. Dependent Variable: Nat log of HAH Serious injuries 

Sig. 
.4 1 3  

.383 

.609 

.037 

.00 1 

. 1 56 

.06 1 

.555 

. 3 1 4  

.320 

.640 

. 1 70 

.679 

.480 

.444 

.360 

.632 
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Model tO(e). Replication of White et al (2000a) - High Alcohol Hour Serious 
Crashes, New Cars & Trend 

Model Summary 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .763 .583 .425 . 2 1 798 

Coefficients'l 

Unstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta t 
1 (Constant) 6.443 3 .507 1 .837 

Ln of cbts - . 1 44 . 1 5 1  - .214 - .956 

SRSP for Sept 95 to Sept 
. 1 57 .095 . 2 1 6  1 .645 

96 

SRSP for Sept 96 to Sept 
- .0 1 4  .093 -.020 - . 1 53 

97 

SRSP for Sept 97 to Sept 
. 1 1 2 . 1 28 . 1 54 .879 

98 

Ln of Feb dummy . 1 53 . 1 48 . 1 45 1 .029 

Ln of March dummy . 304 . 1 47 .288 2 .070 

Ln of April dummy .085 . 1 44 .081 .593 

Ln of May dummy . 1 57 . 1 48 . 1 49 1 .063 

Ln of June dummy . 1 1 4  . 1 52 . 1 08 .750 

Ln of J uly dummy - .0 1 3  . 1 69 - .0 1 3  - .080 

Ln of August dummy .202 · . 1 54 . 1 92 1 .3 1 7  

L n  of September dummy .039 . 1 55 .037 .254 

Ln of October d ummy . 1 72 . 1 34 . 1 77 1 .284 

Ln of November dummy . 1 24 . 1 37 . 1 28 .904 

Ln of December dummy .4 1 6  . 1 74 .428 2.389 

Ln of new car 
- .092 .334 -.051 - .277 registrations 

trend factors -.009 .003 -.583 -2.788 

a. Dependent Variable: Nat log of HAH Serious injuries 

Sig. 
.073 

.344 

. 1 0 7  

.879 

.384 

.309 

.044 

.556 

.293 

.457 

.937 

. 1 94 

.80 1  

.206 

.37 1 

.021 

.783 

.008 
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Model 10(d). Replication of White et al (2000a) - High Alcohol Hour Serious 
Crashes, Unemployment & Trend 

Model 
1 

Model 
1 

Model Summary 

R R Square 
.764 .584 

(Constant) 
Ln of cbts 
SRSP for Sept 95 to Sept 
96 

SRSP for Sept 96 to Sept 
97 

SRSP for Sept 97 to Sept 
98 

Ln of Feb dummy 
Ln of March dummy 
Ln of April dummy 
Ln of May dummy 
Ln of June dummy 
Ln of July dummy 

Ln of August dummy 
Ln of September dummy 
Ln of October dummy 
Ln of November dummy 
Ln of December dummy 

Ln of total registered 
unemployed 
trend factors 

Adjusted 
R Square 

.427 

Std. Error of 
the Estimate 

.21 755 

CoefficientS! 

Unstandard ized 
Coefficients 

B Std. Error 
8. 1 56 5.323 

- . 1 47 . 1 50 

. 1 07 . 1 08 

-.046 . 1 06 

.089 . 1 08 

. 1 47 . 1 49 

.278 . 1 43 

.075 . 1 45 

. 1 28 . 1 49 

.098 . 1 54 

- .035 . 1 67 

. 1 82 . 1 53 

.01 8 . 1 55 

. 1 56 . 1 34 

. 1 1 3  . 1 36 

.425 . 1 74 

-.2 1 0  .4 1 2  

-.0 1 0  .003 

a.  Dependent Variable: Nat log of HAH Serious injuries 

Standardized 
Coefficients 

Beta t 
1 .532 

- .2 1 8  -.980 

. 1 47 .991 

-.064 - .438 

. 1 23 .825 

. 1 39 .989 

. 263 1 .94 1 

.071 . 5 1 5  

. 1 2 1 . 861 

.092 .635 

-. 034 - .212 

. 1 73 1 . 1 92 

.0 1 7  . 1 1 4 

. 1 6 1  1 . 1 62 

. 1 1 7  .833 

.438 2.451 

- .080 -.508 

-.6 1 7  -3.76 1 

Slg. 
. 1 32 

.332 

.327 

.663 

.414 

.328 

.059 

.609 

.394 

.529 

.833 

.239 

.909 

.252 

.409 

. 0 1 8  

.61 4 

.000 
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Model 11(a) - (12a). Replication of Tay (1999) - EBTs (Double-Log) 

M odel Summary 

Adjusted Std . Error of 
Model R R Square R Square the Estimate 
1 .808 .653 .629 .23334 

AN OVA 

Sum of 
Model Squares df Mean Square F Sig. 
1 Regression 5.940 4 1 .485 27.272 .000 

Residual 3.1 58 58 .054 

Total 9.098 62 

CoefficientS' 

Unstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta t SiQ. 
1 (Constant) 2.9 1 1 1 .330 2. 1 88 .033 

Ln of December dummy - . 064 . 1 52 -.050 -.423 .674 

trend factors .01 9 .002 .898 8.936 .000 

Ln of cbts .353 . 1 1 3  .393 3. 1 1 5  .003 

Ln of al l themes adstock - .0 1 4  .040 -.031 -.358 .722 

a. Dependent Variable: Ln of monthly EBTs 
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Model 11 (b). Replication of Tay (1999) - EBTs (Linear-Log) 

Mode l Summary 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .821 . 674 .652 429.094 

ANOVA 

Sum of 
Model Squares df Mean Square F Sig. 
1 Regression 22093696 4 5523424.091 29.999 .000 

Residual 1 0679068 58 1 84 1 2 1 .871 

Total 32772765 62 

Coefficients'! 

U nstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta t Sig. 
1 (Constant) -6839.384 2445.824 -2. 796 .007 

Ln of December dummy -83 .0 1 9  278.706 - .034 -.298 .767 

trend factors 35.461 3.863 . 894 9. 1 79 .000 

Ln of cbts 662.990 208.642 .389 3 . 1 78 .002 

Ln of all themes adstock - 1 .757 73.479 -.002 - .024 .981 

a. Dependent Variable: Positive evidential breath tests 
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Model 11(c). Replication of Tay (1999) - EBTs (Log-Linear) 

Model Summary 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .825 .680 .658 .2240 1 

ANOVA 

Sum of 
Model Squares df Mean S�uare F S19: 
1 Regression 6 . 1 87 4 1 .547 30 .826 .000 

Residual 2 .9 1 0  58 .050 
Total 9 .098 62 

C oefficient5'l 

Unstandard ized Standard ized 
Coefficients Coefficients 

Model B Std. Error Beta t S ig. 
1 (Constant) 6 .534 . 1 43 45.584 .000 

December dummy -.3 1 3  . 1 93 - .242 -1 .625 . 1 09 
trend factors .020 .002 .970 1 0.055 .000 
national compulsory 

3 .992E-06 .000 .584 3.726 .000 breath tests 
ADSTOCK for al l  themes .000 .000 - . 1 50 -1 . 8 1 2  .075 

a. Dependent Variable: Ln of monthly EBTs 
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Mode/ 11(d). Replication of Tay (1999) - EBTs (Linear) 

Model Su mmary 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .839 .705 .684 408.461 

AN OVA 

Sum of 
Model Squares df Mean Square F Sig. 
1 Regression 23096045 4 577401 1 .2 1 7  34.608 .000 

Residual 9676720 58 1 66840.000 
Total 32772765 62 

Coefficients'! 

U nstandardized Standardized 
Coefficients Coefficients 

Model B Std . Error Beta t S ig. 
1 (Constant) 1 3 .560 261 .350 .052 .959 

December dummy -630 . 1 43 351 .2 1 4  - .256 - 1 . 794 .078 
trend factors 38.640 3.677 .974 1 0 .509 .000 
national compulsory 

.008 .002 . 6 1 3  4 .069 .000 breath tests 

ADSTOCK for al l  themes -. 1 96 . 1 39 - . 1 1 2 -1 .406 . 1 65 

a. Dependent Variable: Positive evidential breath tests 
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Mode/ 12(b). Replication of Tay (1999) - Drink-Drive Convictions 

Model Summary 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .530 .28 1 .23 1 . 1 1 823 

AN OVA 

Sum of 
Model Squares df Mean Sguare F Slg. 
1 Regression .31 7 4 .079 5.667 .001 

Residual .81 1 58 . 0 1 4  
Total 1 . 1 28 62 

CoefficientS' 

Unstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta t Slg. 
1 (Constant) 7 . 874 .674 1 1 .684 .000 

Ln of December dummy . 1 88 .077 . 4 1 2  2.445 .01 8 
trend factors .002 .001 .237 1 .638 . 1 07 
Ln of cbts - .041 .057 -. 1 29 -. 709 .481 
Ln of al l  themes ad stock .029 .020 . 1 82 1 .450 . 1 52 

a. Dependent Variable: Ln of D-drive convictions 

193 



Mode/ 12(c). Replication of Tay (1999) - Serious Crashes 

Model Summary 

Adjusted Std. Error of 
Model R R Sguare R Square the Estimate 
1 .760 .578 .549 . 1 0396 

AN OVA 

Sum of 
Model Squares df Mean �uare F SlQ. 
1 Regression .859 4 .2 1 5  1 9.860 .000 

Residual .627 58 .0 1 1 
Total 1 .485 62 

Coefficients<' 

Unstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta t Sig. 
1 (Constant) 5. 1 40 .593 8.674 .000 

Ln of December dummy .092 .068 . 1 76 1 .362 . 1 78 
trend factors - .005 .001 - .609 -5.491 .000 
Ln of cbts .063 .051 . 1 73 1 .241 .220 
Ln of al l themes ad stock -.009 . 0 1 8  - .051 -.533 .596 

a . Dependent Variable: Ln of serious casualties 

194 



Model 12(d). Replication of Tay (1999) - Fatalities 

Model Summary 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .49 1 .241 . 1 89 . 1 8258 

ANOVA 

Sum of 
Model Squares df Mean S--.9.uare F Sig. 
1 Regression .61 5 4 . 1 54 4 . 6 1 2  .003 

Residual 1 .933 58 .033 
Total 2 .548 62 

Coefficients'i 

Unstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta t S ig. 
1 (Constant) 2 .680 1 .041 2 .575 . 0 1 3  

L n  of a l l  themes adstock - .024 .031 -. 1 00 -.781 .438 
Ln of cbts . 1 1 5  .089 .241 1 .291 .202 
trend factors - .002 .002 -. 1 39 - .933 .355 
Ln of December dummy . 1 46 . 1 1 9 .2 1 3  1 .232 .223 

a . Dependent Variable: In of Fatalities 
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Model 12( e). Replication of Tay (1999) - High Alcohol Hour Serious Crashes 

Model Summary 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .674 .455 .41 7  .2 1 945 

ANOVA 

Sum of 
Model S�uares df Mean Sguare F SiQ. 
1 Regression 2.331 4 .583 1 2 .099 .000 

Residual 2.793 58 .048 
Total 5 . 1 24 62 

Coefficient$' 

U nstandardized Standardized 
Coefficients Coefficients 

Model B Std. Error Beta t Sig. 
1 (Constant) 5.895 1 .25 1 4.7 1 3  .000 

Ln of al l  themes adstock -.044 .038 -. 1 27 - 1 . 1 65 .249 
Ln of cbts -. 1 35 . 1 07 - .200 - 1 .266 .21 0 
trend factors -.0 1 0  .002 -.655 -5. 1 96 .000 
Ln of December dummy .297 . 1 43 .306 2 .086 .041 

a .  Dependent Variable: Nat log of HAH Serious injuries 
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Model 13(a). Replication of Tay (1999) - Autoregressive Model (ESTs) 

FINAL PARAMETERS : 

E s t ima te o f  Aut ocorre lation Coef f ic ient 

Rho . 6 3 1 3 4 7 0 4  
Standard Error o f  Rho . 1 0 2 7 17 5 4  

Cochrane- Orcutt Est imates 

Mul tiple R 
R- S quared 
Adj usted R- Squared 
Standard Error 
Durbin-Wa t s on 

Analys i s  

DF 

. 7 2 5 0 1 4 5 2  

. 5 2 5 6 4 6 0 5  

. 4 8 3 2 9 3 0 2  

. 1 8 2 3 4 7 9  
2 . 0 0 3 1 3 0 8  

o f  Varianc e : 

Sum o f  Squares Mean Square 

Regres s i on 4 2 . 0 6 3 3 8 5 8  . 5 1 5 8 4 6 4 6  
Res i dual s  5 6  1 . 8 6 2 0 4 2 4  . 0 3 3 2 5 0 7 6  

Variables i n  the Equa t i on : 

B SEB BETA T 

December . 1 5 9 2 3 1 3 . 0 9 7 3 2 2 2  . 2 2 5 3 5 5 4 6  1 . 6 3 6 1 2 4 4  
Trend . 0 1 9 4 1 7 5 . 0 0 3 9 2 9 0  . 5 0 9 1 0 6 5 1  4 . 9 4 2 1 3 7 0  
CBTs . 2 3 2 3 7 6 3  . 0 8 1 7 0 6 2  . 3 9 1 8 1 3 9 8  2 . 8 4 4 0 4 8 5  
Ads tock - . 0 7 0 9 1 9 3  . 0 6 9 2 7 0 8  - . 1 0 4 6 9 1 5 8  - 1 . 0 2 3 7 9 7 7  
CONSTANT 4 . 5 9 7 5 5 8 0  1 . 0 3 8 3 6 0 3  4 . 4 2 7 7 0 9 9  

SIG T 

. 1 0 7 4 2 2 2 8  

. 0 0 0 0 0 7 3 7  

. 0 0 6 2 0 8 2 4  

. 3 1 0 3 3 3 2 1  

. 0 0 0 0 4 4 6 3  
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Model 13(b). Replication of Tay (1999) - Autoregressive Model (Drink-Drive 
Convictions) 

FINAL PARAMETERS : 

E s t imate o f  Autocorre lat i on Coe f f ic ient 

Rho . 5 2 5 3 6 5 9 7  
S tandard Error o f  Rho . 1 1 2 7 0 1 3 3  

Cochrane -Orcut t  Estimat e s  

Mul t iple R 
R- Squared 
Adj usted R-Squared 
Standard Error 
Durbin-Wat s on 

Ana lys i s  

DF 

Regre s s i on 4 
Res i dual s  5 6  

o f  

Sum 

. 6 3 4 5 0 2 8 5  

. 4 0 2 5 9 3 8 7  

. 3 4 9 2 5 4 0 3  

. 1 0 2 5 8 1 9 3  
1 . 8 8 8 6 6 6 9  

Varianc e : 

o f  Squares 

. 3 9 7 1 2 5 0 1  

. 5 8 9 2 9 0 9 4  

Mean Square 

. 0 9 9 2 8 1 2 5  

. 0 1 0 5 2 3 0 5  

Var i ables in the Equa t ion : 

B SEB BETA T 

Dec ember . 1 9 4 6 4 0 0  . 0 5 7 3 4 1 4 4  . 5 2 5 7 3 0 9 0  3 . 3 9 4 4 0 4  
Trend . 0 0 2 9 7 8 5  . 0 0 1 7 5 8 8 6  . 2 0 0 5 6 9 5 9  1 . 6 9 3 4 2 3  
CBTs . 0 2 5 2 0 3 9  . 0 4 7 7 8 0 1 0  . 0 8 2 2 5 4 5 6  . 5 2 7 4 9 7  
Ads tock . 0 1 0 8 9 6 5  . 0 3 3 3 3 6 6 4  . 0 3 7 9 4 1 4 7  . 3 2 6 8 6 2  
CONSTANT 7 . 1 8 4 6 7 9 9  . 5 8 9 9 5 5 9 6  1 2 . 1 7 8 3 3 3  

SIG T 

. 0 0 12 6 9 7 4  

. 0 9 5 9 3 1 2 0  

. 5 9 9 9 3 2 3 5  

. 7 4 4 9 9 1 0 3  

. 0 0 0 0 0 0 0 0  
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Model 13(c). Replication of Tay (1999) - Autoregressive Model (Serious 
Crashes) 

F I NAL PARAMETERS : 

E s t imat e  o f  Au tocorre l a t i on Coe f f i c i en t  

Rho . 1 3 5 4 3 7 7 7  

S t andard Error o f  Rho . 1 3 1 2 3 2 7 9  

Cochrane -Orcut t E s t ima t e s  

Mul t i p l e  R . 7 2 1 2 1 3 0 3  

R- Squared . 5 2 0 1 4 8 2 3  

Adj u s ted R - Squared . 4 7 7 3 0 4 3 2  

S t andard Error . 1 0 47 8 2 7 3  

Durbin -Wa t s on 2 . 0 3 7 6 2 5 9  

Ana l y s i s  o f  Variance :  

DF Sum o f  Squa res 

Regre s s ion 4 . 6 6 6 4 8 0 5 0  

Re s idua l s  5 6  . 6 1 4 8 4 7 5 2  

Mean Square 

. 1 6 6 6 2 0 1 3  

. 0 1 0 9 7 9 4 2  

Var i ab l e s  in the Equa t i on : 

B SEB BETA T 

Dec ember . 0 9 3 1 2 0 7 . 0 6 7 1 5 1 2 4  . 1 9 5 2 7 7 9 6  1 . 3 8 6 7 3 1 1  

Trend - . 0 0 5 1 9 0 9  . 0 0 1 0 7 2 2 5  - . 5 5 8 6 6 6 0 5  - 4 . 8 4 1 1 7 7 1  

C BTS . 0 6 5 5 9 8 0  . 0 5 2 2 0 6 7 9  . 1 8 5 6 0 4 9 5  1 . 2 5 6 5 0 3 4  

Ads t o c k  - . 0 0 8 7 7 5 7 . 0 2 0 7 9 6 8 4  - . 0 4 4 3 9 0 1 1  - . 4 2 1 9 7 1 6  

CONSTANT 5 . 1 0 3 8 1 4 9  . 6 1 6 7 6 6 5 5  8 . 2 7 5 1 1 6 3  

SIG T 

. 1 7 1 0 1 9 4 9  

. 0 0 0 0 1 0 5 5  

. 2 1 4 1 4 9 7 9  

. 6 7 4 6 6 1 3 8  

. 0 0 0 0 0 0 0 0  
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Model 13(d). Replication of Tay (1999) - Autoregressive Model (Fatalities) 

FINAL PARAMETERS : 

E s t imate o f  Aut ocorrel a t i on Coe f f ici ent 

Rho - . 1 8 5 1 7 9 7 2  
Standard Error o f  Rho . 1 3 0 1 6 2 4 1  

Cochrane -Orcutt Estimat e s  

Mul t iple R 
R- Squared 
Adj us ted R- Squared 
Standard Error 
Durbin-Wa t s on 

Analys i s  

DF 

Regres s i on 4 
Res i dua l s  5 6  

. 5 3 1 4 7 8 6  

. 2 8 2 4 6 9 5  

. 2 1 8 4 0 4 2 8  

. 1 8 1 3 8 1 6 7  
2 . 0 2 2 8  

o f  Varianc e : 

Sum o f  Squares 

. 7 2 5 2 8 0 5  
1 . 8 4 2 3 6 1 4  

Mean S quare 

. 1 8 1 3 2 0 1 3 

. 0 3 2 8 9 9 3 1  

Variables in the Equa t i on :  

B SEB BETA T 

In_a l l  - . 0 2 8 8 7 5 1  . 0 2 6 7 0 0 2  - . 1 3 9 2 1 2 3 1  - 1 . 0 8 1 4 5 6 8  
In_cbts . 1 1 1 5 3 2 9  . 0 8 6 4 1 8 8  . 2 4 7 0 2 1 17 1 . 2 9 0 6 0 8 8  
trend - . 0 0 1 2 1 9 7  . 0 0 1 4 4 0 6  - . 1 2 7 1 2 0 7 3  - . 8 4 6 6 6 1 5  
In_dec . 1 6 5 6 8 0 9  . 1 2 1 1 8 9 8  . 2 4 0 2 2 2 0 1  1 . 3 6 7 1 1 9 4  
CONSTANT 2 . 7 3 0 6 8 0 8  1 . 0 1 1 2 9 8 7  2 . 7 0 0 1 7 2 2  

SIG T 

. 2 8 4 1 2 9 1 8  

. 2 0 2 1 4 2 5 8  

. 4 0 0 7 8 7 5 4  

. 17 7 0 5 0 8 3  

. 0 0 9 1 4 8 7 1  
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Model 13( e). Replication of Tay (1999) - Autoregressive Model (High Alcohol 
Hour Serious Crashes) 

FINAL PARAMETERS : 

E s t imate o f  Aut ocorrelat i on Coe f f ic i ent 

Rho . 1 0 9 1 5 7 3 4 
Standard Error o f  Rho . 1 3 1 6 6 1 7 6  

C ochrane -Orcutt E s t imates 

Mul t ip l e  R 
R- Squared 
Adj us ted R- Squared 
Standard Error 
Durbin-Wat son 

Analys i s  

D F  

Regres s ion 4 
Res idua l s  5 6  

. 6 3 3 6 2 7 4 3  

. 4 0 1 4 8 3 7 1 

. 3 4 8 0 4 4 7 6 

. 2 2 1 6 1 5 4 1  
2 . 0 2 7 1 7 0 6  

o f  Variance : 

Sum o f  Squares 

1 . 8 4 4 9 3 0 1  
2 . 7 5 0 3 4 9 9  

Mean Square 

. 4 6 1 2 3 2 5 1  
. 0 4 9 1 13 3 9  

Variables in the Equat ion : 

B SEB BETA T 

ln all  - . 0 4 6 9 8 5 8 . 0 4 2 7 8 6 8  - . 1 2 9 0 3 5 6 8  - 1 . 0 9 8 1 3 7 8  
l n  cbts - . 1 3 6 3 9 9 5  . 1 1 0 3 7 5 0  - . 2 0 4 8 3 4 4 9  - 1 . 2 3 5 7 8 2 1  
trend - . 0 1 0 0 3 9 8  . 0 0 2 2 1 3 5  - . 5 8 7 9 1 1 8 4  - 4 . 5 3 5 7 9 0 5  
In_dec . 3 1 2 2 0 44 . 1 4 2 9 2 2 8  . 3 4 4 0 2 5 7 4  2 . 1 8 4 4 2 7 7  
CONSTANT 5 . 9 1 9 4 5 5 9  1 . 3 0 2 3 6 2 6  4 . 5 4 5 1 6 7 2  

SIG T 

. 2 7 6 8 4 3 5 5  

. 2 2 1 6 9 8 4 9  

. 0 0 0 0 3 0 7 5  

. 0 3 3 1 3 3 6 5  

. 0 0 0 0 2 9 7 7  
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Model 14(a). Replication of Tay (1999) - Structural Change Model (ESTs) 

F I NAL PARAMETERS : 

E s t imat e  o f  Au t ocorre l a t i on C oe f f i c i en t  

Rho . 5 9 2 3 9 7 3 2  

S t andard Error o f  Rho . 1 0 8 6 3 3 2 8  

Cochrane -Orcu t t  Estima t e s  

Mu l t i p l e  R 

R- Squared 

Adj u s ted R - S quared 

S t andard Error 

Durbin -Wat son 

Analys i s  

DF 

Regre s s ion 6 

Re s i dua l s  5 4  

o f  

Sum 

. 7 6 8 2 4 9 7 5  

. 5 9 0 2 0 7 6 8  

. 5 3 7 0 8 6 4 6  

. 1 7 5 0 4 6 0 1  

2 . 0 1 8 0 6 6 6  

Var ianc e : 

of Squares 

2 . 3 8 3 0 8 3 5  

1 . 6 5 4 6 1 9 8  

Mean Square 

. 3 9 7 1 8 0 5 8  

. 0 3 0 6 4 1 1 1  

Variables in the Equa t i on : 

B SEB BETA T 

DSRSP 2 . 3 3 3 5 2 7 9  . 8 8 1 3 3 6 1  1 . 9 6 9 0 0 0 6  2 . 6 4 7 7 1 6 2  

Trend . 0 2 3 8 8 8 9  . 0 0 4 9 1 3 0 . 6 8 2 8 1 9 9  4 . 8 6 2 3 5 7 3  

Dec ember . 1 4 8 0 0 5 0  . 0 9 5 0 7 1 9  . 2 0 3 1 3 3 7  1 . 5 5 6 7 6 9 0  

CBTs . 2 4 9 8 7 1 6  . 0 7 9 8 6 1 8  . 4 1 0 3 6 9 6  3 . 1 2 8 8 0 0 6  

Ads t o c k  . 0 7 2 2 9 4 2  . 0 8 4 7 5 7 1  . 1 1 2 0 1 6 6  . 8 5 2 9 5 8 4  

Sads tock - . 3 9 2 0 2 2 4  . 1 4 7 5 2 5 8  - 2 . 1 8 4 4 0 7 1  - 2 . 6 5 7 3 1 3 8  

CONSTANT 3 . 5 6 1 9 7 2 4  1 . 0 7 0 5 9 4 5  3 . 3 2 7 0 9 7 6  

S IG T 

. 0 1 0 6 0 0 2 4  

. 0 0 0 0 1 0 4 1  

. 1 2 5 3 6 7 3 1  

. 0 0 2 8 2 8 6 9  

. 3 9 7 4 4 9 9 8  

. 0 1 0 3 ,3 7 6 1  

. 0 0 1 5 8 4 0 5  
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Model 14(b). Replication of Tay (1999) - Structural Change Model (Drink-Drive 
Convictions) 

FINAL PARAMETERS : 

Est imate o f  Autocorre l a t i on C oe f f i c i ent 

Rho . 5 0 2 6 3 9 4 1  
Standard Error o f  Rho . 1 1 6 5 6 8 6 4  

Cochrane - Orcut t  Estimates 

Mul t iple R 
R- Squared 
Adj usted R- Squared 
Standard Error 
Durbin-Wat son 

Analys i s  

DF 

Regre s s i on 6 
Res i dua l s  5 4  

. 6 6 7 8 9 5 5 3  

. 4 4 6 0 8 4 4 4  

. 3 7 4 2 8 0 5 7  

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

o f  Variance :  

Sum o f  Squares 

. 4 3 6 9 3 0 1 7  

. 5 4 2 5 4 8 4 4  

Mean Square 

. 0 7 2 8 2 1 6 9  

. 0 1 0 0 4 7 1 9  

Variables in the Equation : 

B SEB BETA T 

DSRSP . 8 7 4 9 4 3 6 . 4 7 1 1 4 7 7 1  1 . 7 5 4 1 4 6 3  1 . 8 5 7 0 4 7  
Trend . 0 0 2 0 9 7 9  . 0 0 2 4 1 9 2 5  . 1 4 8 5 6 1 9  . 8 6 7 1 8 7  
December . 1 9 4 7 0 7 3  . 0 5 6 5 7 9 9 6  . 5 2 3 0 0 5 8  3 . 4 4 1 2 7 7  
CBTs . 0 2 9 8 4 1 3  . 0 4 7 1 5 6 3 9  . 0 9 7 2 3 1 9  . 6 3 2 8 1 5  
Ads tock . 0 3 3 6 4 9 5  . 0 4 3 3 6 3 6 3 . 1 2 1 7 1 5 7  . 7 7 5 9 8 5  
Sads tock - . 1 2 4 8 6 6 3  . 0 7 7 2 4 8 0 7 - 1 . 6 7 8 5 2 7 0  - 1 . 6 1 6 4 3 2  
CONSTANT 7 . 0 0 1 4 8 7 1  . 6 1 1 0 2 2 1 3 1 1 . 4 5 8 6 4 7  

S I G  T 

. 0 6 8 7 6 1 9 3  

. 3 8 9 6 7 7 0 3  
. 0 0 1 1 2 4 7 4  
. 5 2 9 5 2 4 9 3  
. 4 4 1 1 4 3 1 3  
. 1 1 1 8 2 8 7 1  
. 0 0 0 0 0 0 0 0  
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Model 14( c). Replication of Tay (1999) - structural Change Model (Serious 
Crashes) 

FINAL PARAMETERS : 

E s t imate o f  Autocorrel a t i on Coef f i c i ent 

Rho - . 0 0 1 0 5 7 8 1  
S tandard Error of Rho . 1 3 4 8 3 9 9  

Cochrane- Orcutt E s t imates 

Mul t iple R 
R- Squared 
Adj us ted R- Squared 
S tandard Error 
Durbin -Wat son 

Analy s i s  

DF 

Regre s s i on 6 
Re s i dua l s  5 4  

. 8 0 1 4 1 2 2 5  

. 6 4 2 2 6 1 6  

. 5 9 5 8 8 8 1  

. 0 9 8 3 6 6 7 3  
1 . 9 9 87 9 6 6  

o f  Variance : 

Sum o f  Squares 

. 9 3 8 0 7 3 0 3  

. 5 2 2 5 0 4 7 7  

Mean Square 

. 1 5 6 3 4 5 5 0  

. 0 0 9 6 7 6 0 1  

Variables in the Equation : 

B SEB BETA T 

DSRSP - . 2 3 3 5 4 9 3  . 3 1 8 6 3 0 3 2  - . 7 2 8 8 0 1 8  - . 7 3 2 9 7 8 9  
Trend - . 0 0 8 4 5 0 3  . 0 0 1 3 5 0 9 7  - . 9 8 6 3 0 2 9  - 6 . 2 5 4 9 8 6 9  
December . 0 8 2 6 9 7 3  . 0 6 4 8 2 9 5 7  . 1 5 9 2 8 0 2  1 . 2 7 5 6 1 0 6  
CBTs . 0 7 2 3 9 1 4 . 0 4 8 7 14 6 4  . 1 9 8 4 1 6 3  1 . 4 8 6 0 2 9 4  
Ads t ock - . 0 6 1 7 8 6 9  . 0 2 4 3 0 1 6 6  - . 3 3 5 8 6 2 8  - 2 . 5 4 2 4 9 7 4  
Sads tock . 0 6 3 6 5 9 7  . 0 4 9 0 4 42 4 1 . 3 6 3 8 8 5 5  1 . 2 9 8 0 0 6 1  
CONSTANT 5 . 3 4 2 9 8 8 5  . 5 7 9 1 9 8 2 4  9 . 2 2 4 8 0 0 9  

S I G  T 

. 4 6 6 7 4 1 3 5  

. 0 0 0 0 0 0 0 0  

. 2 0 7 5 5 3 4 2  

. 14 3 0 8 6 7 4  

. 0 1 3 9 0 6 4 1  

. 1 9 9 8 0 2 1 7  

. 0 0 0 0 0 0 0 0  
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Model 14(d). Replication of Tay (1999) - Structural Change Model (Fatalities) 

FINAL PARAMETERS : 

E s t imate o f  Autocorre l a t i on C oe f f i c i ent 

Rho - . 1 8 4 6 5 1 9 7  
S t andard Error o f  Rho . 1 3 2 5 2 1 2 6  

Cochrane -Orcutt Es timates 

Mul t iple R 
R- Squared 
Adj us ted R- Squared 
Standard Error 
Durbin-Wat s on 

Analys i s  

DF 

Regress ion 6 
Res idual s  5 4  

. 5 3 14 4 8 8 3  

. 2 8 2 43 7 8 6  

. 1 8 9 42 0 5 5  

. 1 8 4 6 9 7 3 6  
2 . 0 2 1 8 9 0 8  

o f  Variance : 

Sum o f  Squares 

. 7 2 5 0 6 7 6  
1 . 8 4 2 1 0 8 1  

Mean Square 

. 1 2 0 8 4 4 6 0  

. 0 3 4 1 1 3 1 1  

Variables in the Equat ion : 

B SEB BETA T 

DSRSP . 0 0 4 1 2 5 8  . 1 2 7 5 6 7 2  . 0 1 1 4 5 7 3 9  . 0 3 2 3 4 2 1  
trend - . 0 0 1 1 7 7 0  . 0 0 2 1 6 5 9  - . 1 2 2 6 2 0 2 1  - . 5 4 3 4 0 0 0 
I n_dec . 1 6 6 0 4 5 1  . 12 3 5 5 9 2  . 2 4 0 7 6 3 2 3  1 . 3 4 3 8 4 9 7  
In_cbts . 1 1 1 5 1 0 1  . 0 8 8 3 3 5 0  . 2 4 6 9 3 6 9 0  1 . 2 6 2 3 5 4 4  
In_all - . 0 2 6 9 3 8 4  . 0 3 7 5 6 8 5  - . 1 2 9 8 3 1 1 5  - . 7 1 7 0 4 7 9  
Sadstock - . 0 0 0 0 0 8 4  . 0 0 0 1 0 2 6  - . 0 2 5 4 6 2 5 6  - . 0 8 1 9 2 9 5  
CONSTANT 2 . 7 1 9 7 5 8 8  1 . 0 3 7 8 4 9 5  2 . 6 2 0 5 7 1 5  

SIG T 

. 9 7 4 3 1 8 4 5  

. 5 8 9 0 9 0 7 3  

. 1 8 4 6 1 6 4 4  

. 2 12 2 4 5 9 4  

. 4 7 6 4 3 4 7 5  

. 9 3 5 0 0 5 7 3  

. 0 1 1 3 7 6 3 9  
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Model 14(e). Replication of Tay (1999) - Structural Change Model (High 
Alcohol Hour Serious Crashes) 

FINAL PARAMETERS : 

E s t imate of Au toc orre l a t i on Coef f i c ient 

Rho - . 0 1 6 5 8 7 0 1  

S tandard Error o f  Rho . 1 3 4 8 2 1 4 2  

Cochrane -Orc u t t  E s t ima tes 

Mul t ip l e  R 

R- Squared 

Adj u s t ed R- Squared 

S tandard Error 

Durbin-Wa t son 

Ana lys i s  

D F  

Regre s s i on 6 

Res i dua l s  5 4  

. 7 1 5 2 7 9 3 2  

. 5 1 1 6 2 4 5  

. 4 4 8 3 1 6 5 7  

. 2 1 4 9 6 4 2 7  

1 . 9 8 8 1 0 6 9  

o f  Vari ance : 

Sum o f  Squares 

2 . 6 1 4 1 0 9 7  

2 . 4 9 5 3 2 0 5  

Mean Square 

. 4 3 5 6 8 4 9 5  

. 0 4 6 2 0 9 6 4  

Variables i n  the Equa t i on : 

B SEB BETA T 

DSRSP . 3 5 8 8 7 2 2  . 6 8 8 5 7 3 6  . 6 0 7 8 1 3 6 4  . 5 2 1 1 8 2 1  

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

In_dec . 2 9 8 2 5 4 3  . 1 4 2 0 0 3 1  . 3 0 6 7 4 7 4 7  2 . 1 0 0 3 3 6 2  

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

In_a l l  - . 1 1 2 2 8 6 8  . 0 5 2 3 5 5 9  - . 3 3 1 1 4 9 1 2  - 2 . 1 4 4 6 8 1 9  

Ln_Sads t - . 0 0 6 7 9 1 5  . 1 0 5 8 9 7 4  - . 0 7 8 9 8 8 1 5  - . 0 6 4 1 3 3 0  

CONSTANT 6 . 2 0 4 4 1 7 5 1 . 2 6 1 9 2 3 8  4 . 9 1 6 6 3 3 9  

S I G  T 

. 6 0 4 3 7 0 8 2  

. 0 0 0 0 0 2 1 2  

. 0 4 0 3 8 4 7 3  

. 2 3 8 0 9 4 6 0  

. 0 3 6 4 9 5 1 1  

. 9 4 9 1 0 1 1 3  

. 0 0 0 0 0 8 6 0  
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Model 1S(a). Replication of Tay (2001) Model (ESTs) 

FINAL PARAMETERS : 

E s t imate o f  Autoc orre lat i on Coe f f ic i ent 

Rho . 5 9 0 4 8 2 0 1  
Standard Error o f  Rho . 1 1 1 9 1 7 8 1  

Cochrane -Orcutt Estimates 

Mul t iple R 
R- Squared 
Adj us ted R- Squared 
Standard Error 
Durbin-Wa t s on 

. 7 4 0 8 9 5 4 9  

. 5 4 8 9 2 6 1 3  

. 4 6 0 4 8 0 2 7  

. 1 8 9 1 2 1 1 6  
2 . 0 5 0 5 9 8 1  

Analys is of Variance :  

Regre s s i on 
Res i dual s  

DF 

9 
5 1  

Sum o f  Squares 

2 . 2 1 9 8 1 4 4  
1 . 8 2 4 1 0 7 6  

Mean Square 

. 2 4 6 6 4 6 0 5  

. 0 3 5 7 6 6 8 1  

Variables in the Equation : 

B SEB BETA T 

In_j ul . 1 6 2 2 8 4 6  . 0 8 9 9 0 6 0  . 2 0 8 5 0 9 0 8  1 . 8 0 5 0 4 7 5  
In_aug . 0 3 3 9 1 1 9  . 0 9 9 4 6 5 0  . 0 4 3 5 7 12 4 . 3 4 0 9 4 3 0  
In_sept . 0 0 5 0 3 6 0  . 0 8 9 0 6 5 1  . 0 0 6 47 0 3 9  . 0 5 6 5 4 2 5  
In_ncars . 0 3 l 3 4 8 1  . 1 9 7 6 8 2 3  . 0 1 5 7 0 7 2 8 . 1 5 8 5 7 8 3 
trend . 0 2 3 9 2 5 9  . 0 4 8 7 3 1 8  . 6 8 6 5 6 4 0 3  . 4 9 0 9 7 1 8  
In_cbts . 3 8 7 7 9 9 2  . 1 4 3 9 1 5 5  . 6 3 6 0 3 9 6 5  2 . 6 9 4 6 3 1 9  
CBT_Trend - . 0 0 1 2 0 1 1  . 0 0 3 8 9 3 7  - . 3 9 7 1 9 4 9 2  - . 3 0 8 4 8 1 0  
Advert - . 1 9 7 6 0 1 5  . 3 7 9 1 1 1 8  - . 1 6 7 1 9 0 6 0  - . 5 2 1 2 2 2 2  
Advert_T . 0 1 0 2 7 2 3  . 0 1 7 4 1 2 7  . 3 9 0 4 8 3 6 8  . 5 8 9 9 2 7 9  
CONSTANT 2 . 2 0 3 3 1 5 3  2 . 5 8 8 9 l 3 6  . 8 5 1 0 5 7 9  

SIG T 

. 0 7 6 9 7 2 3 2  

. 7 3 4 5 4 7 1 0  

. 9 5 5 l 3 0 5 6  

. 8 7 4 6 2 7 4 1  

. 6 2 5 5 5 2 4 9  

. 0 0 9 5 1 7 6 3  

. 7 5 8 9 7 2 8 7 

. 6 0 4 4 6 8 0 7  

. 5 5 7 8 4 3 7 6 

. 3 9 8 7 1 5 5 6  
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Model 1S(b). Replication of Tay (2001) Model (Drink-Drive Convictions) 

FINAL PARAMETERS : 

E s t imate o f  Autocorre lat ion C oe f f ic ient 

Rho . 3 6 9 5 9 9 6 5  
S tandard Error o f  Rho . 1 2 8 8 5 5 6 2  

C ochrane -Orcutt E s t imates 

Mul t iple R 
R- Squared 
Adj us t ed R- Squared 
S tandard Error 
Durbin-Wat s on 

. 6 6 7 1 2 5 9 6  

. 44 5 0 5 7 0 4  

. 3 3 6 2 4 4 7  

. 1 0 2 3 0 9 4  
1 . 8 7 8 9 1 5 1  

Analys i s  o f  Variance :  

DF Sum of Squares 

Regress ion 9 . 4 2 8 1 2 3 0 0  
Res idual s  5 1  . 5 3 3 8 2 7 8 4 

Mean Square 

. 0 4 7 5 6 9 2 2  

. 0 1 0 4 6 7 2 1  

Variables in the Equat i on : 

B SEB BETA T 

In_j ul . 1 5 0 2 7 8 7  . 0 5 0 7 9 7 6 . 3 6 0 0 8 0 7 2 . 9 5 8 3 8 0 8  
In_aug . 1 3 6 7 6 9 1  . 0 5 3 5 1 9 6  . 3 2 7 7 1 0 3  2 . 5 5 5 4 9 3 2  
In_sept . 0 8 6 9 2 9 5  . 0 4 9 8 5 1 9  . 2 0 8 2 9 0 5  1 . 7 4 3 7 5 3 4  
In_ncars - . 0 4 4 7 6 4 6  . 1 1 3 0 4 3 8 - . 0 4 7 1 9 12 - . 3 9 5 9 9 3 9  
trend . 0 5 2 7 9 6 1  . 0 2 7 0 2 3 4  4 . 7 8 1 7 0 0 9  1 . 9 5 3 7 2 0 0  
In_cbts . 3 0 0 5 1 2 3  . 0 8 2 9 1 5 9  . 9 6 8 9 2 2 2  3 . 6 2 4 3 0 3 5  
C BT_Tren - . 0 0 3 8 4 3 2  . 0 0 2 1 9 5 4  - 3 . 9 5 7 7 6 5 1  - 1 . 7 5 0 5 5 3 5  
Advert . 3 1 7 0 4 3 8  . 1 4 1 0 5 3 9  . 7 8 7 8 5 8 5  2 . 2 47 6 7 8 7 
Advert_T - . 0 0 8 8 3 4 6  . 0 0 6 4 2 3 1 - 1 . 0 3 1 3 9 7 7  - 1 . 3 7 5 4 4 0 7  
CONSTANT 4 . 3 6 6 0 0 9 5  1 . 5 0 1 3 4 1 2  2 . 9 0 8 0 7 2 8  

SIG T 

. 0 0 4 6 7 9 0 5  

. 0 1 3 6 2 8 2 8  

. 0 8 7 2 2 7 6 0  

. 6 9 3 7 6 1 3 8  

. 0 5 6 2 2 9 7 1  

. 0 0 0 6 6 8 0 8  

. 0 8 6 0 3 6 5 3  

. 0 2 8 9 4 9 8 0  

. 1 7 5 0 0 6 4 7  

. 0 0 5 3 7 3 1 4  
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Model 15(c). Replication of Tay (2001) Model (Serious Crashes) 

FINAL PARAMETERS : 

E s t imat e  o f  Autocorrelat i on Coe f f i c i ent 

Rho . 0 2 3 3 1 4 2 4  
Standard Error o f  Rho . 1 3 8 6 3 7 3 6  

Cochrane -Orcutt Est imates 

Mul t iple R 
R-Squared 
Adj us ted R- Squared 
Standard Error 
Durbin-Wat s on 

. 8 2 1 0 3 0 5 5  

. 6 7 4 0 9 1 1 6  

. 6 1 0 1 8 7 4 7  

. 0 9 8 5 4 2 8 8  
2 . 0 0 2 0 3 6 9  

Analys i s  o f  Variance : 

Regre s s i on 
Res idual s  

DF 

9 
5 1  

Sum o f  Squares 

1 . 0 2 4 3 3 7 8  
. 4 9 5 2 4 5 7  

Mean Square 

. 1 1 3 8 1 5 3 1  

. 0 0 9 7 1 0 7 0  

Variabl es in the Equat ion : 

B SEB BETA T 

In_j ul - . 0 9 5 8 8 1 3  . 0 5 0 9 5 8 0  - . 1 6 7 1 4 8 4  - 1 . 8 8 1 5 7 7 2  

In_aug - . 1 1 6 2 6 2 6  . 0 4 9 2 5 1 9  - . 2 0 2 6 7 8 8  -2 . 3 6 0 5 7 1 1  
In_sept - . 0 9 5 0 5 0 7  . 0 4 8 5 5 2 7  - . 1 6 5 7 0 0 4 - 1 . 9 5 7 6 8 1 5  
In_ncars . 0 2 4 4 5 4 3  . 1 0 9 6 9 0 5  . 0 2 3 9 3 6 4  . 2 2 2 9 3 8 8  
trend - . 0 1 0 6 0 9 1  . 0 2 5 4 4 1 7  - 1 . 1 8 4 4 4 1 1  - . 4 1 6 9 9 8 3  
In_cbts - . 0 0 0 1 3 2 4  . 0 8 1 8 2 6 5  - . 0 0 0 3 5 3 1  - . 0 0 1 6 1 7 7  
CBT_Tren . 0 0 0 8 1 5 8  . 0 0 2 0 7 5 8  1 . 0 2 9 5 7 9 2  . 3 9 3 0 1 7 9  
Advert . 2 2 8 7 9 6 0  . 0 9 9 9 4 2 6  . 6 8 3 3 6 7 1  2 . 2 8 9 2 7 3 3  
Advert_T - . 0 0 8 1 0 4 5  . 0 0 4 3 6 6 0  - 1 . 1 5 2 4 7 7 4  - 1 . 8 5 6 2 8 0 8  
CONSTANT 5 . 1 3 8 8 8 5 3  1 . 4 9 8 1 8 2 8  3 . 4 3 0 0 7 8 9  

S I G  T 

. 0 6 5 6 0 6 7 4  

. 0 2 2 1 0 8 3 3  

. 0 5 5 7 4 9 8 6  

. 8 2 4 4 7 3 6 1  

. 6 7 8 4 2 9 7 3  

. 9 9 8 7 1 5 6 0  

. 6 9 5 9 4 4 3 3  

. 0 2 6 2 3 6 4 8  

. 0 6 9 1 9 5 0 1  

. 0 0 1 2 0 3 4 5  
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Model 1S(d). Replication of Tay (2001) Model (Fatalities) 

FINAL PARAMETERS : 

Est imate o f  Aut ocorrelation Coe f f ic i ent 

Rho - . 14 4 3 0 4 9  
Standard Error o f  Rho . 1 3 3 4 2 8 6 4  

Cochrane -Orcu t t  E s t imates 

Mul t iple R 
R- Squared 
Adj us ted R- Squared 
Standard Error 
Durbin-Wat son 

Analys i s  

D F  

Regre s s i on 6 
Res i dual s  5 4  

. 5 2 4 0 8 2 4 6  

. 2 7 4 6 6 2 4 2  

. 1 8 0 6 3 7 1 8  

. 1 8 4 5 5 4 6 9  
2 . 0 2 0 5 8 2 3  

o f  Variance : 

Sum o f  Squares 

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

Mean Square 

. 1 1 6 0 7 8 4 9  

. 0 3 4 0 6 0 4 3  

Var i ables in the Equa t i on : 

B SEB BETA T 

In_ncars . 2 6 5 2 4 7 5 6  . 1 9 4 0 0 7 2  . 2 2 1 9 7 2 6  1 . 3 6 7 2 0 4 7 
trend - . 0 2 3 2 7 4 1 0  . 04 5 0 7 5 8  - 2 . 3 5 6 6 9 4 0  - . 5 1 6 3 3 2 2  
In_cbt s . 1 3 9 8 2 8 2 6  . 14 5 9 1 5 1  . 3 0 6 3 2 2 3  . 9 5 8 2 8 5 3  
CBT_Tren . 0 0 1 8 6 3 8 8  . 0 0 3 6 7 6 9  2 . 1 3 1 0 3 6 6  . 5 0 6 9 2 1 9  
Advert - . 1 5 7 3 3 7 4 5  . 1 6 6 9 1 7 6  - . 4 2 4 8 4 9 1  - . 9 4 2 6 0 5 3  
Advert_T . 0 0 2 6 8 3 5 7  . 0 0 7 2 2 6 6  . 3 4 5 3 1 3 3  . 3 7 1 3 4 3 0  
CONSTANT - . 2 6 3 2 5 9 2 4  2 . 7 2 0 2 9 0 1  - . 0 9 6 7 7 6 2  

S I G  T 

. 1 7 7 2 2 5 6 4 

. 6 0 7 7 3 0 4 9  

. 3 4 2 1 8 9 9 1  

. 6 1 4 2 7 3 4 9  

. 3 5 0 0 8 0 9 9  

. 7 1 1 8 3 5 1 0  

. 9 2 3 2 6 2 4 4  
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Model 15(e). Replication of Tay (2001) Model (High Alcohol Hour Serious 
Crashes) 

FINAL PARAMETERS : 

E s t imate o f  Autocorrelat i on Coe f f i c i en t  

Rho - . 1 3 3 2 0 7 2  
S tandard Error o f  Rho . 1 3 7 4 3 9 2 1 

Cochrane -Orcutt E s t imat e s  

Mul t iple R 
R-Squared 
Adj usted R- Squared 
S tandard Error 
Durbin-Wat son 

. 7 5 4 9 7 5 5 5  

. 5 6 9 9 8 8 0 9  

. 4 8 5 6 7 2 0 3  

. 2 1 9 8 1 5 1 8  
1 . 9 8 1 0 9 7  

Analys i s  o f  Varianc e : 

Regres s i on 
Re s i dua l s  

DF 

9 
5 1  

Sum o f  Squares 

3 . 2 6 6 4 1 1 0  
2 . 4 6 4 2 5 4 4 

Mean Square 

. 3 6 2 9 3 4 5 5  

. 0 4 8 3 1 8 7 1  

Variables in the Equat ion : 

B SEB BETA T 

In_j ul - . 1 1 6 8 8 7 5 0  . 1 1 5 1 7 3 2  - . 1 0 4 3 9 2 0  - 1 . 0 1 4 8 8 4 5  
I n_aug . 0 4 3 7 3 6 7 8  . 1 0 8 6 4 9 2  . 0 3 9 0 6 1 2  . 4 0 2 5 5 0 4  
I n_sept - . 1 2 0 3 4 0 2 6  . 1 0 8 2 2 7 1  - . 1 0 7 4 7 5 6  - 1 . 1 1 1 9 2 3 0  
I n_ncars . 1 4 8 8 4 9 3 8  . 2 3 7 1 6 2 4  . 0 8 2 3 0 1 5  . 6 2 7 6 2 6 5  
trend . 0 9 2 9 2 4 7 5  . 0 5 4 4 9 1 4  6 . 1 9 8 3 8 6 0  1 . 7 0 5 3 1 1 8  
I n_cbts . 2 7 6 5 4 0 0 2  . 1 7 8 3 9 7 3  . 4 0 1 1 7 6 7  1 . 5 5 0 13 6 0  
CBT_Tren . 0 0 7 3 8 9 0 3  . 0 0 4 4 4 6 9  - 5 . 5 6 5 4 8 0 8  - 1 . 6 6 1 6 2 6 7  
Advert . 5 3 8 8 0 6 1 8  . 2 0 1 9 8 0 4  . 9 5 8 5 4 8 2  2 . 6 6 7 6 1 5 8  
Advert_T - . 0 2 4 1 0 2 6 6  . 0 0 8 6 9 0 4  - 2 . 0 4 3 3 1 8 1  - 2 . 7 7 3 4 7 3 2  
CONSTANT - . 7 8 9 6 8 0 7 8  3 . 2 7 5 5 1 6 1  - . 2 4 1 0 8 5 9  

SIG T 

. 3 1 4 9 5 1 6 1  

. 6 8 8 9 6 1 3 7  

. 2 7 13 8 5 4 8  

. 5 3 3 0 4 8 9 1  

. 0 9 4 2 2 0 9 5  

. 12 7 2 9 2 7 7  

. 1 0 2 7 2 3 3 9  

. 0 1 0 2 13 5 7 

. 0 0 7 7 2 8 0 7  

. 8 1 0 4 5 5 1 6  
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APPENDIX 3. OUTPUT FOR CHAPTER 5 - THE 2SLS MODELLING PROCESS 

2SLS Model Specifications 

Table 37. 2SLS Model Specifications -Model 16 Series 

Model Number 
16(a) 16(b� 16(c} 16(d} 

�Endog'en·ous: .variilblesf:��i���� 
Dependent 
EBTs (>'la) X X X X 
Drink-drive Convictions( Y'h) 
Serious Crashes ( YTr) 
Fatalities ( YJd) 
High Alcohol Hour Serious Crashes ( Y1e) 
Alcohol-related Serious Crashes ( Y1{) 
Alcohol-related Fata litiesL>'lal 

Explanatory 
All-theme T ARPs ( Y2a) X 
Drink-drive TARPs ( Y.?h) x 
All-theme Adstock ( Y.,7c) x x 
Drink-drive Adstock( Y2d) 
Compulsory Breath Tests ( Y3)  x x x x 

" Exogenous Variables�!f�i:l)����r0;'W'�r;'� 
Explanatory 
Unemployment (x� x x x x 
Trend (X6) X x x x 
Seasonal Dummy Variables (hd x x x x 

Instrumental Only 
12 mth lag_AII-theme TARPs Vle) x x 
12 mth lag Drink-drive TARPs (z,q) x x 
12 mth lag Drink-drive Convictions (Z20) x x x x 
12 mth lag Fatal ities (Z21) x x x x 
1 mth lag Fatalities (Z2;) x x x x 
12 mth lag Alcohol-related Crashes (z23) x x x x 
12 mth lag Alcohol-related Fatalities (Z.?4) x x x x 
12 mth lag Road Injuries (Z25) x x x x 
12 mth lag CBTs (Z26) x x x x 
1 mth lag CBTs (Z27) x x x x 
1 mth laq EBTs (Z.?R) 
12 mth lag Serious Crashes (Z29) x x x x 
12 mth lag HAH* Serious Crashes (Z30) x x x x 

*HAH = High Alcohol Hour. X denotes presence in model 
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Table 38. 2SLS Model Specifications -Model 17 Series 

Model Number 
17(a) 17(b) 17(c} 17Jd) 

It,Endogenou�Vatiables��1f�� 
Dependent 
EBTs ( YI,,) 
Drink-drive Convictions( YIb) x x x x 
Serious Crashes ( YIr) 
Fatalities ( YId) 
High Alcohol Hour Serious Crashes ( Yre) 
Alcohol-related Serious Crashes ( Y111 
Alcohol-related Fatalities ( Y/n) 

Explanatory 
All-theme TARPs ( Y2a)  X 
Drink-drive TARPs ( Y2bl  x 
All-theme Adstock ( Y,d x 
Drink-drive Adstock( Y7rf) x 
Compulsory Breath Tests (Y3) x x x x 

'iExogeno'us''S!ariatiles�1i�'f!'����� 
Explanatory 
Unemployment (X4) x x x x 
Trend (X6) x x x x 
Seasonal Dummy Variables (X7-17) x x x x 

Instrumental Only 
12 mth lag All-theme TARPs (Z18) x x 
12 mth lag Drink-drive TARPs (Z19) x x 
12 mth lag Drink-drive Convictions (Z20) 
12 mth lag Fatalities (Z7/) x x x x 
1 mth laq Fatalities (Z77) x x x x 
12 mth lag Alcohol-related Crashes (zn) x x x x 
12 mth lag Alcohol-related Fatalities (Z24) x x x x 
1 2  mth lag Road Injuries (Z2S) x x x x 
12 mth laq CBTs (Z76) x x x x 
1 mth laq CBTs (Z27) x x x x 
1 mth lag EBTs (Z28) x x x x 
1 2  mth lag Serious Crashes (Z29) x x x x 
1 2  mth lag HAH* Serious Crashes (Z30) x x x x 

*HAH = High Alcohol Hour- X denotes presence In model 
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Table 39. 2SLS Model Specifications -Model 18 Series 

Model Number 
l8(a) l8(b) l8(e) l8(d) 

�E""d ) 9E � ' ';.. "V' '''· �6 1 ";�r�� � n 0 enous , ana es" " ;; n, " , 
Dependent 
EBTs (YhJ 
Drink-drive Convictions( Ylh) 
Serious Crashes ( YII') x x x x 
Fatalities ( YId) 
High Alcohol Hour Serious Crashes ( YIe) 
Alcohol-related Serious Crashes ( Ylf) 
Alcohol-related Fatalities. ( YI0) 

Explanatory 
All-theme TARPs ( Y;>,,) x 
Drink-drive TARPs ( Y2b)  x 
All-theme Adstock ( Y2C) x 
Drink-drive Adstock( Y2d) x 
Compulsory Breath Tests ( YJ) x x x x 

jExbgen6'us,Vafiiibles;4·��t.t�;��f� 
Explanatory 
Unemployment (x,,) x x x x 
New Car Registrations (x..sl x x x x 
Trend (x,,) x x x x 
Seasonal Dummy Variables (X7-17) x x x x 

Instrumental Only 
12 mth lag All-theme TARPs (Z'R) x x 
12 mth lag Drink-drive TARPs (ZI9) x x 
12 mth lag Drink-drive Convictions (Z20) x x x x 
12 mth lag Fatalities (Z21) x x x x 
1 mth lag Fatalities (Z2� x x X x 
12 mth laq Alcohol-related Crashes (Z;>1) X X X x 
12 mth lag Alcohol-related Fatalities (Z24) x x x x 
12 mth lag Road Injuries (Z2S) x x x x 
12 mth lag CBTs (Z26) x x x x 
1 mth lag CBTs (Z27) x x x x 
1 mth laq EBTs (Z;>R) X X X x 
12 mth lag Serious Crashes (Z29) 
12 mth lag HAH* Serious Crashes (Z30) x x x x 

*HAH = High Alcohol Hour. X denotes presence in model 
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Table 40. 2SLS Model Specifications -Model 19 Series 

Model Number 
19(a) 19(b) 19(c) 19(d) 

fEndog- enousI Variablesl';������ 
Dependent 
EBTs (Yr .. ) 
Drink-drive Convictions( Y,h) 
Serious Crashes ( Y,r) 
Fatalities ( YJrl) x x x x 
High Alcohol Hour Serious Crashes ( Y,P) 
Alcohol-related Serious Crashes ( YIf) 
Alcohol-related Fatalities ( �o) 

Explanatory 
All-theme TARPs ( Y2 .. ) x x x x 
Drink-drive TARPs ( Y2b)  x x x x 
All-theme Adstock ( YZd x x x x 
Drink-drive Adstock( Y.?rl) x x x x 
Compulsory Breath Tests ( Y1) x x x x 

t-Exogenous:Variabres 1;��.!2�:'��� 
Explanatory 
Unemployment (X4) x x x x 
New Car Registrations (x,) x x x x 
Trend (X6) x x x x 
Seasonal Dummy Variables (X7-I7) x x x x 

Instrumental Only 
12 mth lag All-theme TARPs (Z/B) x x 
12 mth lag Drink-drive TARPs (ZI9) x x 
12 mth lag Drink-drive Convictions (zzo) x x x x 
12  mth lag Fatalities (z21) x x x x 
1 mth lag Fatalities (z.?.?) x x x x 
12 mth lag Alcohol-related Crashes (zn) x x x x 
12 mth lag Alcohol-related Fatalities (Z24) x x x x 
12 mth lag Road Injuries (zzs) x x x x 
12  mth l<ill CBTs (z.?6) x x x x 
1 mth lag CBTs (Z.?7) x x x x 
1 mth lag EBTs (Z2B) x x x x 
12 mth lag Serious Crashes (ZZ9) x x x x 
12 mth lag HAH* Serious Crashes (Z1n) X X X X 

*HAH = High Alcohol Hour. X denotes presence In model 
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Table 41. 2SLS Model Specifications - Model 20 Series 

Model Number 
221a) 20(b) 20(c) 20(d) 

'�Enaogenousl 'iJariablesi�#!.!��$,W� 
Dependent 
EBTs (YlaL 
Drink-drive Convictions( Ylh) 
Serious Crashes ( Y1r) 
Fatalities ( YId) 
High Alcohol Hour Serious Crashes ( YIe) X X X x 
Alcohol-related Serious Crashes ( �,) 
Alcohol-related Fatalities ( Yla} 

Explanatory 
All-theme T ARPs ( Y?,,) x 
Drink-drive TARPs ( Y2b)  x 
All-theme Adstock ( Y2C) x 
Drink-drive Adstock( Y2� x 
Com�ulsory Breath Tests ( Y?) x x x x 

gExog>enous Naricibies?,r;-}"f.\:,���� 
Explanatory 
Unem�oyment (x� x x x x 
New Car Registrations (x,) x x x x 
Trend (X6) x x x x 
Seasonal Dummy Variables (X2-I7) x x x x 

Instrumental Only 
12 mth lag All-theme TARPs (Z18) x x 
12 mth lag Drink-drive TARPs (Z19) x x 
12 mth laq Drink-drive Convictions (Z?n) X X X x 
12 mth lag Fatalities (Z21) x x x x 
1 mth lag Fatalities (Z22) x x x x 
12 mth lag Alcohol-related Crashes (Z23) x x x x 
12 mth lag Alcohol-related Fatalities (Z24) x x x x 
12 mth lag Road Injuries (z?,) x x x x 
1 2  mth lag CBTs (Z26) x x x x 
1 mth lag CBTs (Z27) x x x x 
1 mth lag EBTs (Z28) x x x x 
12 mth lag Serious Crashes (Z29) x x x x 
12 mth laq HAH* Serious Crashes (zd 

*HAH = High Alcohol Hour. X denotes presence In model 
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Table 42. 2SLS Model Specifications -Model 21 Series 

�Endogerious Variables�i"e:.:;:�;�-l').'! 
Dependent 
EBTs ( Yt .. ) 
Drink-drive Convictions( YJb) 
Serious Crashes ( YJc) 
Fatalities ( YJd) 
High Alcohol Hour Serious Crashes ( �� 
Alcohol-related Serious Crashes ( Yltl 
Alcohol-related Fatalities ( YJo) 

Explanatory 
All-theme TARPs ( Y� 
Drink-drive TARPs ( Y.?h) 
All-theme Adstock ( Y2C) 
Drink-drive Adstock( Y2d) 
Compulsory Breath Tests ( Y3)  

1 ExogenoiJs Variables�!;f"j...���::i�'::-,:,"::) 
Explanatory 
Unemployment (x� 
New Car Reqistrations (x,) 
Trend (X6) 
Seasonal Dummy Variables (X7-17) 

Instrumental Only 
12 mth lag All-theme TARPs (ZJ8) 
1 2  mth lag Drink-drive TARPs (ZJ9) 
12 mth laq Drink-drive Convictions (Z?n) 
12 mth lag Fata lities (Z2J) 
1 mth lag Fatalities (Z22) 
12 mth laq Alcohol-related Crashes (Zn) 
12 mth laq Alcohol-related Fatalities (Z24) 
1 2  mth lag Road Injuries (Z2S) 
12 mth lag CBTs (Z26) 
1 mth lag CBTs (Z?7) 
1 mth laq EBTs (Z?II) 
12 mth laq Serious Crashes (Z29) 
12 mth lag HAH* Serious Crashes (Z30) 

2i(a) 

x 

x 

x 

x 
x 
x 
x 

x 

X 

x 
x 

x 
x 
x 
x 
x 
x 
x 

*HAH = High Alcohol Hour. X denotes presence in model 

Model Number 
2i(b) 2i(e) 

x x 

x 

x 
x x 

x x 
x x 
x x 
x x 

x 
x 

X X 

x x 
x x 

x x 
x x 
x x 
x x 
x x 
x x 
x x 

2i(d) 

x 

x 

X 

x 
x 
x 
x 

x 
x 
x 
x 

x 
x 
x 
x 
x 
x 
x 
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Table 43. 2SLS Model Specifications -Model 22 Series 

Model Number 
22(a) 22(bJ 22(c) 22idl 

of E'ndogenousfVariableiii�i��"t�� 
Dependent 
EBTs ( YIa)  
Drink-drive Convictions( YIb) 
Serious Crashes ( Y1d 
Fatalities ( Yzd) 
High Alcohol Hour Serious Crashes J YIJ 
Alcohol-related Serious Crashes ( Y,,) 
Alcohol-related Fatalities ( YIO) x x x x 

Explanatory 
All-theme T ARPs 1 Y.zal. x 
Drink-drive TARPs ( Y2b)  x 
All-theme Adstock ( Y2c) x 
Drink-drive Adstock( Y2d) x 
Compulsory Breath Tests ( YJ) x x x x 

" Exoieiious:Vaj-ja6Ies�5;�J.;1�.;'\t'tf.ti� 
Explanatory 
Unemployment (x� x x x x 
New Car Registrations (xs) x x x x 
Trend (X6) x x x x 
Seasonal Dummy Variables (X7.I7) x x x x 

Instrumental Only 
12 mth lag All-theme TARPslz.m) x x 
1 2  mth lag Drink-drive TAR Ps (Z19) x x 
12 mth lag Drink-drive Convictions (Z20) x x x x 
12 mth lag Fatalities (Z21) x x x x 
1 mth lag Fatalities (Z2� x x X x 
1 2  mth lag Alcohol-related Crashes (Z:n) x x x x 
12 mth lag Alcohol-related Fatalities (Z24) 
12 mth lag Road Injuries (Z2S) x x x x 
12 mth lag CBTs (Z26) x x x x 
1 mth lag CBTs (Z77) x x x x 
1 mth lag EBTs (Z28) x x x x 
12 mth lag Serious Crashes (Z29) x x x x 
1 2  mth lag HAH* Serious Crashes (zJo) x x x x 

*HAH = High Alcohol Hour. X denotes presence in model 
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2SLS Model Output 

Mode/ 16(a). 2SLS - EBTs by AI/-Theme TARPs 

Dependent variable . .  Y 1 a_ebts 

L i s twise De l e t i on o f  Mi s s ing Dat a  

Mul t iple R 
R S quare 
Adj us ted R Square 
S tandard Error 

. 8 4 6 8 7  

. 7 1 7 1 9  

. 6 2 6 9 3  

. 2 3 3 4 7 

Analys is o f  Variance : 

DF Sum o f  Squares 

Regre s s i on 1 5  6 . 4 9 6 7 9 5 3 
Res idua l s  47 2 . 5 6 1 8 8 1 2 

F = 7 . 9 4 5 9 7  S i gn i f  F = 

- - - - - - - - - - - - - - - - - - Variabl e s  in the 

Variable B S E  B 

Y 2 a  a l l  - . 0 0 0 1 2 8  . 0 1 9 6 8 9  -

Y3 cbts . 8 6 8 0 4 9  . 4 0 1 7 6 2  
x4 unem - . 4 1 1 9 9 5  . 2 9 9 8 1 3 
x 6  t rend - . 0 2 2 2 5 6  . 0 0 4 0 0 3  
x 7  f e b  . 3 8 6 0 3 6  . 2 0 6 0 2 2  
x8_mar . 3 5 9 6 4 1  . 1 6 3 1 5 5  
x 9  _apr . 3 9 17 6 0  . 1 6 17 3 5  
x 1 0  _may . 5 1 2 5 4 9  . 1 8 1 1 7 4  
x 1 1  _j un . 4 9 8 7 1 5  . 2 2 1 3 8 6  
x 1 2_j ul . 7 6 5 8 7 1  . 2 8 0 8 0 9  
x 1 3  _aug . 5 4 9 9 8 4  . 2 1 5 3 9 9  
x 1 4  _sept . 5 7 2 3 3 1  . 2 2 0 1 5 5  
x 1 5  o c t  . 3 9 5 4 4 2  . 1 4 3 0 1 8  -

x 1 6  nov - . 4 1 0 0 3 1 . 1 5 9 6 1 4 
x 1 7  dec - - . 1 8 2 0 1 3  . 3 2 4 7 7 9  
( C ons tant ) - 8 . 5 5 8 4 0 8  5 . 2 2 4 8 1 9  

Mean Square 

. 4 3 3 1 1 9 6 9  

. 0 5 4 5 0 8 1 1  

. 0 0 0 0  

Equat ion - - - - - - - - - - - - - - - - - -

Beta T Sig T 

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

1 . 0 6 4 9 9 5  5 . 5 6 0  . 0 0 0 0  
. 2 7 4 5 9 5  1 .  8 7 4  . 0 6 7 2  
. 2 5 5 8 2 0  2 . 2 0 4  . 0 3 2 4  
. 2 7 8 6 6 6  2 . 4 2 2  . 0 1 9 3  
. 3 6 4 5 8 6  2 . 8 2 9  . 0 0 6 8  
. 3 5 4 7 4 5  2 . 2 5 3 . 0 2 9 0 
. 5 4 4 7 7 9  2 . 7 2 7  . 0 0 8 9  
. 3 9 1 2 1 4  2 . 5 53  . 0 1 4 0  
. 4 0 7 1 1 0  2 . 6 0 0  . 0 1 2 4  
. 3 0 5 4 6 5  2 . 7 6 5  . 0 0 8 1  
. 3 1 6 7 3 4  2 . 5 6 9  . 0 1 3 4  

- . 1 4 0 5 9 8  - . 5 6 0  . 5 7 7 9  
- 1 . 6 3 8  . 1 0 8 1  
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Mode/ 16(b). 2SLS -EBTs by AI/-Theme Adstock 

Dependent var i able . .  Y1a_ebts 

L i s twise Del e t i on o f  Mi s s ing Data 

Mul t iple R 
R Square 
Adj us ted R Square 
Standard Error 

. 8 4 9 4 3  

. 7 2 1 53 

. 6 3 2 6 5  

. 2 3 1 0 6  

Analys i s  o f  Varianc e : 

DF 

Regres s i on 1 5  
Res i dual s  4 7  

F = 8 . 1 1 8 5 5  

Sum o f  Squares Mean Square 

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

Signi f F = . 0 0 0 0  

- - - - - - - - - - - - - - - - - - Variables in the Equat i on - - - - - - - - - - - - - - - - - -

Var iable 

Y2 c_a l l  
Y3_cbt s 
x4_unem 
x6_trend 
x7_feb 
x8_mar 
x9_apr 
x10_may 
x1 1_j un 
x12_j ul 
x1 3_aug 
x1 4_sept 
x1 5_oct 
x1 6_nov 
x1 7_dec 
( Cons tant ) 

B 

. 0 1 4 8 5 4  

. 8 1 8 8 7 3  

. 4 1 4 9 2 9  

. 0 2 1 5 4 2  

. 3 6 9 9 6 3 

. 3 5 4 2 9 4  

. 3 8 6 7 2 6  

. 5 0 5 2 5 1  

. 4 8 2 0 6 3  

. 7 3 9 0 8 8  

. 5 3 3 4 5 0  

. 5 5 6 4 9 0  

. 3 9 9 9 9 4  

. 4 0 3 5 4 1  
- . 1 4 5 3 8 0  

- 8 . 0 9 6 4 2 7  

S E  B 

. 0 4 8 3 3 3  

. 4 2 2 7 0 6  

. 2 9 3 5 8 1  

. 0 0 4 2 2 5  

. 2 0 8 7 2 1  

. 1 6 2 2 4 7  

. 1 6 0 8 9 8  

. 1 7 9 9 8 2  

. 2 2 2 0 2 0  

. 2 8 9 8 1 2  

. 2 1 9 1 2 3  

. 2 2 2 6 6 4  

. 1 42 2 1 7 

. 1 5 8 8 2 5  

. 3 4 1 5 7 9  
5 . 3 8 0 1 1 1  

Beta 

. 0 3 2 3 4 9  

. 9 1 1 5 0 0  

. 1 1 8 8 7 5  
1 . 0 3 0 8 2 0  

. 2 6 3 1 6 2  

. 2 5 2 0 1 6  

. 2 7 5 0 8 6  

. 3 5 9 3 9 4  

. 3 4 2 9 0 0 

. 5 2 5 7 2 7  

. 3 7 9 4 5 3  

. 3 9 5 8 4 2  

. 3 0 8 9 8 1  

. 3 1 1 7 2 1  
- . 1 1 2 3 0 1  

T 

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

S i g  T 

. 7 5 9 9  

. 0 5 8 7  

. 1 6 4 1  

. 0 0 0 0  

. 0 8 2 8  

. 0 3 4 0  

. 0 2 0 2 

. 0 0 7 3  

. 0 3 5 0  

. 0 1 4 1  

. 0 1 8 8  

. 0 1 6 0  

. 0 0 7 2  

. 0 1 4 4  

. 6 7 2 3  
- 1 .  5 0 5  . 1 3 9 0  
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Mode/ 16(c). 2SLS - EBTs by Drink-Drive TARPs 

Dependent variable . .  Yla_ebts 

L i s twise Del e t i on of Mi s s ing Data 

Mul t iple R 
R Square 
Adj us ted R Square 
Standard Error 

. 8 5 6 2 3  

. 7 3 3 1 3  

. 6 47 9 6  

. 2 2 1 9 1  

Analys is o f  Varianc e : 

DF Sum o f  Squares 

Regres s i on 1 5  6 . 3 5 8 0 0 2 3  
Res idual s  4 7  2 . 3 1 4 4 0 6 5  

F = 8 . 6 0 7 7 1  S i gn i f  F = 

- - - - - - - - - - - - - - - - - - Variables in the 

Variable B SE B 

Y2 b_dd_T - . 0 0 4 6 1 3  . 0 2 0 2 6 0  
Y3 cbts . 6 7 9 8 5 4  . 4 4 9 1 7 7  -

x4 un em - . 4 17 2 7 5  . 3 0 5 6 0 7 
x6 trend . 0 2 0 8 5 2  . 0 0 3 9 0 9  -

x7 feb . 3 1 3 7 6 9  . 2 1 6 7 0 6  
x8 mar - . 3 2 3 8 0 7  . 1 6 2 7 6 6  
x9 _apr . 3 6 3 4 7 8  . 1 5 8 1 0 5  
x l 0  _may . 4 6 7 8 4 6  . 1 8 1 3 9 7 
x 1 1  _j un . 4 2 6 3 2 7  . 2 2 7 9 6 5  
x1 2_j ul . 6 4 5 1 0 8  . 3 1 0 3 3 4  
x 1 3  _aug . 4 7 0 2 1 3  . 2 3 0 2 9 3  
x 1 4  _sept . 4 8 9 5 2 2  . 2 3 5 8 2 4  
x 1 5  o c t  . 4 0 0 0 0 4  . 1 3 6 6 4 6  
x 1 6  nov - . 3 6 8 3 8 2  . 1 6 3 2 0 1  
x 1 7  dec - - . 0 3 3 0 5 2  . 3 6 6 0 3 9  
( Cons tan t ) - 6 . 3 6 2 5 2 3  5 . 9 0 1 2 5 4 

Mean Square 

. 42 3 8 6 6 8 2  

. 0 4 9 2 4 2 6 9  

. 0 0 0 0  

Equat i on - - - - - - - - - - - - - - - - - -

Beta T Sig T 

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

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

221 



Mode/ 16( dJ. 2SLS - EBTs by Drink-Drive Adstock 

Dependent variable . .  Y 1 a_ebts 

L i s twise De l e t i on o f  Mi s s ing Data 

Mul t iple R 
R Square 
Adj usted R Square 
S tandard Error 

. 8 5 5 5 3  

. 7 3 1 9 3  

. 6 4 6 3 7  

. 2 2 2 7 0  

Ana lys i s  o f  Variance : 

DF 

Regre s s ion 1 5  
Res iduals 4 7  

F = 8 . 5 5 5 1 2  

Sum o f  Squares Mean Square 

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

S igni f F = . 0 0 0 0  

- - - - - - - - - - - - - - - - - - Variables i n  the Equat i on - - - - - - - - - - - - - - - - - -

Var iable 

Y2 d_dd_a 
Y3 cbts 
x4_unem 
x6_t rend 
x7 feb 
x8_mar 
x9_apr 
x 1 0_may 
x 1 1_j un 
x 1 2_j ul 
x 1 3 _aug 
x 1 4_sept 
x 1 5_oct 
x1 6_nov 
x 1 7 _dec 
( C on s tant ) 

B 

. 0 2 1 5 3 4  

. 5 8 3 4 2 0  

. 4 7 7 0 5 1  

. 0 1 9 4 9 0  

. 2 8 9 1 4 0  

. 3 2 0 4 1 6  

. 3 5 6 2 3 0  

. 4 4 8 2 2 5  

. 3 9 1 1 4 6  

. 6 0 7 8 6 0  

. 4 5 7 6 6 6  

. 4 7 7 9 7 4  

. 4 2 2 2 9 8  

. 3 7 5 9 2 3  

. 0 3 0 7 2 5  
- 6 . 0 6 8 2 7 8  

S E  B 

. 0 5 0 7 6 8  

. 5 1 7 5 3 1  

. 2 97 2 3 9  

. 0 0 5 0 6 5  

. 2 2 8 0 6 1  

. 1 6 2 2 8 7  

. 1 5 9 9 2 2  

. 1 8 8 5 6 3  

. 2 4 5 4 1 5  

. 3 2 8 1 9 7  

. 2 3 2 2 1 7  

. 2 3 6 8 9 8  

. 1 443 9 7  

. 1 5 7 9 4 5 

. 4 0 7 9 5 1  
5 . 8 0 6 6 4 9  

Beta 

. 0 4 9 5 5 6  

. 6 4 9 4 1 4  

. 1 3 6 6 7 3  

. 9 3 2 6 5 6  

. 2 0 5 6 7 1  

. 2 2 7 9 1 8  

. 2 5 3 3 9 4  

. 3 1 8 8 3 1 

. 2 7 8 2 3 0 

. 4 3 2 3 8 3  

. 3 2 5 5 4 6  

. 3 3 9 9 9 2  

. 3 2 6 2 1 0  

. 2 9 0 3 8 7  

. 0 2 3 7 3 4  

T Sig T 

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

. 0 7 5  . 9 4 0 3  
- 1 . 0 4 5  . 3 0 1 3  
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Mode/ 17(a). 2SLS - Drink-Drive Convictions by AII-Theme Adstock 

Dependent var i able . .  

L i s twi s e  De l e t i on o f  

Mul t ip l e  R 
R Square 
Adj usted R Square 
Standard Error 

Analys i s  

D F  

Regre s s ion 1 5  
Res i dua l s  4 7  

F = 6 . 2 3 4 8 3  

Ylb_conv 

Mi s s ing Data 

. 8 1 5 8 0  

. 6 6 5 5 3  

. 5 5 8 7 9  

. 0 8 8 8 6  

o f  Varianc e : 

Sum o f  Squares Mean Square 

. 7 3 8 3 8 1 0 4  . 0 4 92 2 5 4 0  

. 3 7 1 0 7 5 8 9  . 0 0 7 8 9 5 2 3  

S igni f  F = . 0 0 0 0  

- - - - - - - - - - - - - - - - - - Variables i n  the Equat i on - - - - - - - - - - - - - - - - - -

Variable 

Y 2 c_a l l  
Y3_cbts 
x4_unem 
x6_trend 
x7_feb 
x8_mar 
x 9_apr 
x l 0_may 
x1 1_j un 
x12_jul 
x 1 3 _aug 
x 1 4_sept 
x 1 5_oct 
x1 6_nov 
x1 7_dec 
( Cons tan t )  

B 

. 0 2 0 3 2 6  
- . 0 4 9 8 6 2 

. 2 0 4 3 3 3  

. 0 0 1 4 3 1  
- . 0 5 7 1 1 4  

. 1 0 1 2 6 6  

. 1 3 4 7 0 2  

. 1 9 7 3 1 8  

. 1 0 8 4 8 0  

. 1 6 97 4 3  

. 2 0 9 6 0 1  

. 1 8 4 4 5 3  

. 2 1 9 1 7 7  

. 1 2 1 8 0 5  

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

S E  B 

. 0 1 7 9 9 5  

. 1 1 4 3 6 9  

. 1 1 1 6 1 8  

. 0 0 1 2 0 7 

. 0 6 9 4 0 1  

. 0 5 9 8 1 3 

. 0 5 9 6 9 4 

. 0 6 3 9 67 

. 0 7 2 7 8 0  

. 0 8 8 5 5 6  

. 0 7 2 0 3 6  

. 0 7 3 1 1 2 

. 0 5 4 3 6 4  

. 0 5 7 7 7 4  

. 0 9 9 9 8 1  
1 . 7 3 7 2 7 4  

Beta 

. 1 2 5 7 3 4  
- . 1 5 7 6 5 5  

. 1 6 6 2 8 6  

. 1 9 4 4 7 6  
- . 1 1 5 4 0 0  

. 2 0 4 6 0 9 

. 2 7 2 1 6 7  

. 3 9 8 6 8 5  

. 2 1 9 1 8 5  

. 3 4 2 9 6 8  

. 4 2 3 5 0 3  

. 3 7 2 6 9 1  

. 4 8 0 9 1 9 

. 2 6 7 2 6 5  

. 7 5 8 5 2 1  

T 

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

S i g  T 

. 2 6 4 4  

. 6 6 4 8  

. 0 7 3 5  

. 2 4 1 9  

. 4 1 4 7  

. 0 9 7 1  

. 0 2 8 7 

. 0 0 3 4  

. 1 4 2 8  

. 0 6 1 4  

. 0 0 5 5  

. 0 1 5 1  

. 0 0 0 2  

. 0 4 0 4  

. 0 0 1 2  

. 0 0 0 0  
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Mode/ 17(b). 2SLS - Drink-Drive Convictions by AI/-Theme TARPs 

Dependent variable . .  Y1b_conv 

L i s twi se De l e t i on o f  Mi s s ing Data 

Mul t ip l e  R 
R Square 
Adj usted R Square 
S tandard Error 

. 8 3 2 07 

. 6 9 2 3 5  

. 5 9 4 1 6  

. 0 8 5 9 0 

Ana lys i s  o f  Variance : 

DF 

Regre s s i on 1 5  
Res idua l s  4 7  

F = 7 . 0 5 1 3 1 

Sum o f  Squares Mean Square 

. 7 8 0 5 1 3 5 8  . 0 5 2 0 3 4 2 4  

. 3 4 6 8 3 0 6 9  . 0 0 7 3 7 9 3 8  

Signi f F = . 0 0 0 0  

- - - - - - - - - - - - - - - - - - Variables i n  the Equat ion - - - - - - - - - - - - - - - - - -

Variable 

Y2 a_al l 

Y3_cbts 
x4_unem 
x6_trend 
x7 feb 
x8_mar 
x9_apr 
x 1 0_may 
x 1 1_j un 
x1 2_j ul 
x 1 3 _aug 
x1 4_sept 
x 1 5  oct 
x1 6_nov 
x 1 7 _dec 
( Cons tant ) 

B 

. 0 1 9 9 3 7  
- . 0 4 5 0 6 3  

. 1 64 2 8 5  

. 0 0 0 6 5 7  
- . 0 5 9 6 0 0  

. 1 0 2 6 8 9  

. 1 4 4 6 1 4  

. 2 2 8 1 8 0  

. 0 9 3 4 2 5 

. 1 8 2 6 5 4  

. 2 1 7 5 9 9  

. 1 8 5 9 2 3  

. 2 1 7 8 5 7  

. 1 1 8 8 2 0 

. 3 1 7 8 2 6  
9 . 8 8 2 0 5 8  

SE B 

. 0 0 7 4 9 6  

. 1 0 9 9 1 5  

. 1 0 8 5 8 9  

. 0 0 1 1 8 0  

. 0 6 7 0 7 2  

. 0 5 7 8 2 3  

. 0 5 7 8 5 0  

. 0 6 3 0 8 3  

. 0 7 0 6 2 7  

. 0 8 5 5 3 8  

. 0 6 9 6 5 3  

. 0 7 0 6 8 3  

. 0 5 2 4 5 3  

. 0 5 5 8 5 7  

. 0 9 6 3 3 1  
1 . 6 8 2 3 2 2  

Beta 

. 3 6 3 2 7 4  
- . 1 4 2 4 8 0  

. 1 3 3 6 9 5  

. 0 8 9 3 0 0  
- . 1 2 0 4 2 3  

. 2 0 7 4 8 6  

. 2 9 2 1 9 4  

. 4 6 1 0 4 1  

. 1 8 8 7 6 8  

. 3 6 9 0 5 5  

. 4 3 9 6 6 2  

. 3 7 5 6 6 1  

. 4 7 8 0 2 2  

. 2 6 0 7 1 6  

. 6 9 7 3 7 5  

T 

2 . 6 6 0  
- . 4 1 0  
1 . 5 1 3  

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

S i g  T 

. 0 1 0 7 

. 6 8 3 7  

. 1 3 7 0  

. 5 8 0 2  

. 3 7 8 7  

. 0 8 2 2  

. 0 1 6 0  

. 0 0 0 7  

. 1 9 2 3  

. 0 3 8 0  

. 0 0 3 1  

. 0 1 1 5  

. 0 0 0 1  

. 0 3 8 7  

. 0 0 1 9  

. 0 0 0 0  
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Mode/ 17( c). 2SLS - Drink-Drive Convictions by Drink-Drive Adstock 

Dependent variable . .  Ylb_conv 

L i s twise De let ion of Mi s s ing Data 

Mul t iple R 
R Square 
Adj us ted R Square 
Standard Error 

. 8 1 2 6 0  

. 6 6 0 3 2  

. 5 5 1 9 2  

. 0 8 9 7 3  

Analys i s  o f  Variance :  

DF 

Regres s i on 1 5  
Res i dua l s  4 7  

F = 6 . 0 9 1 1 4  

Sum o f  Squares Mean Square 

. 7 3 5 6 0 1 4 4  . 0 4 9 0 4 0 1 0  

. 3 7 8 3 9 9 5 2 . 0 0 8 0 5 1 0 5  

Sign i f  F = . 0 0 0 0  

- - - - - - - - - - - - - - - - - - Vari ables i n  the Equat ion - - - - - - - - - - - - - - - - - -

variable 

Y2 d_dd_a 
Y3_cbts 
x4_unem 
x6_t rend 
x7_feb 
x8_mar 
x9_apr 
xl 0_may 
xl l_j un 
x1 2_j ul 
x1 3_aug 
x1 4_sept 
x1 5_oct 
x1 6_nov 
x17_dec 
( Cons tant ) 

B 

. 0 1 8 4 2 4  
- . 0 2 4 7 0 0  

. 1 8 7 7 9 2  

. 0 0 1 6 6 4  
- . 0 4 6 4 2 1  

. 1 0 8 6 4 4  

. 1 4 1 8 1 2  

. 2 0 3 0 2 2  

. 1 1 9 9 1 8  

. 1 9 1 5 1 4  

. 2 3 1 8 9 2  

. 2 0 6 8 3 9  

. 2 2 7 6 9 7  

. 1 3 8 3 9 5  

. 3 2 9 5 7 4  
9 . 9 0 0 4 8 9  

S E  B 

. 0 1 8 4 8 7  

. 1 1 8 8 3 7  

. 1 1 3 7 8 1  

. 0 0 1 2 5 1  

. 0 7 0 6 9 4  

. 0 6 0 7 2 5  

. 0 6 0 5 6 0  

. 0 6 4 9 3 4  

. 0 7 4 2 7 3  

. 0 9 0 7 4 4  

. 0 7 4 1 7 6  

. 0 7 5 5 3 0  

. 0 5 6 4 6 8  

. 0 5 9 9 0 9  

. 1 0 3 3 6 3  
1 . 7 7 4 0 7 2  

Beta 

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

. 1 5 2 8 2 5  

. 2 2 6 2 3 5  
- . 0 9 3 7 9 4  

. 2 1 9 5 1 7  

. 2 8 6 5 3 3  

. 4 1 0 2 0 9  

. 2 4 2 2 9 7  

. 3 8 6 9 5 7  

. 4 6 8 5 4 2  

. 4 1 7 9 2 1  

. 4 9 9 6 1 2  

. 3 0 3 6 6 7  
. 7 2 3 1 5 2  

T S i g  T 

. 9 9 7  . 3 2 4 1  
- . 2 0 8  . 8 3 62 
1 . 6 5 0 . 1 0 5 5  
1 . 3 3 0  . 1 8 9 9  
- . 6 5 7 . 5 1 4 6  
1 . 7 8 9 . 0 8 0 0  
2 . 3 4 2  . 0 2 3 5  
3 . 1 2 7  . 0 0 3 0  
1 . 6 1 5  . 1 1 3 1  
2 . 1 1 0  . 0 4 0 2  
3 . 1 2 6  . 0 03 0 
2 . 7 3 8 . 0 0 8 7  
4 . 0 3 2 . 0 0 0 2  
2 . 3 1 0  . 0 2 5 3  
3 . 1 8 9  . 0 0 2 5  
5 . 5 8 1 . 0 0 0 0  
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Mode/ 17(d). 2SLS - Drink-Drive Convictions by Drink-Drive TARPs 

Dependent variable . .  Y1b_conv 

L i s tw i s e  Del e t i on o f  Miss ing Data 

Mul t iple R . 8 2 4 1 9  
R Square . 6 7 9 2 8  
Adj u s ted R Square . 5 7 6 9 3  
S t andard Error . 0 8 7 1 3  

Analys i s  o f  Variance : 

DF Sum o f  Squares Mean Square 

Regre s s i on 1 5  . 7 5 5 7 3 8 5 3  . 0 5 0 3 8 2 5 7  
Res idua l s  4 7  . 3 5 6 8 1 2 2 8  . 0 0 7 5 9 1 7 5  

F = 6 . 6 3 6 4 9  S i gn i f  F = . 0 0 0 0  

- - - - - - - - - - - - - - - - - - Variables in the Equat i on - - - - - - - - - - - - - - - - - -

Vari able B SE B Bet a  T Sig T 

Y2b_dd_T . 0 1 5 7 8 2  . 0 0 8 1 9 8  . 3 1 4 2 4 1  1 . 9 2 5  . 0 6 0 3  
Y3 cbt s . 0 4 8 2 2 7  . 1 1 8 3 3 1  . 1 5 2 4 8 4  . 4 0 8  . 6 8 5 5  
x4_unern . 1 1 8 2 2 2  . 1 1 8 0 3 8  . 0 9 6 2 0 9  1 .  0 0 2  . 3 2 1 7  
x 6  trend . 0 0 2 2 2 0  . 0 0 1 1 0 7  . 3 0 1 8 0 3  2 . 0 0 6  . 0 5 0 6  -

x7 feb - . 0 0 5 9 3 2  . 0 7 1 5 3 0  - . 0 1 1 9 8 6  - . 0 8 3  . 9 3 4 3  -

x8_rnar . 1 2 9 0 1 5  . 0 6 0 2 0 8  . 2 6 0 6 7 7  2 . 1 4 3  . 0 3 7 3  
x 9_apr . 1 4 5 6 4 1  . 0 5 8 8 1 3  . 2 9 4 2 7 1  2 . 4 7 6  . 0 1 6 9  
x 1 0 _rnay . 2 0 7 2 2 4  . 0 6 3 1 0 6  . 4 1 8 6 9 9  3 . 2 8 4  . 0 0 1 9  
x 1 1  _ j un . 1 3 2 7 9 3  . 0 7 2 4 1 2  . 2 6 8 3 1 0  1 . 8 3 4  . 0 7 3 0  
x 1 2_j u l  . 2 5 3 8 5 5  . 0 9 4 0 8 0  . 5 1 2 9 1 7  2 . 6 9 8  . 0 0 9 7  
x 1 3  _aug . 2 6 6 1 0 6  . 0 7 4 9 7 6  . 5 3 7 6 7 1  3 . 5 4 9  . 0 0 0 9  
x 1 4  _sept . 2 41 7 3 6  . 0 7 6 3 8 7  . 4 8 8 4 3 1  3 . 1 6 5  . 0 0 2 7  
x 1 5  oct . 2 2 2 4 8 1  . 0 5 3 3 8 2 . 4 8 8 1 6 8  4 . 1 6 8  . 0 0 0 1  
x1 6_nov . 1 6 0 8 5 8  . 0 5 9 7 0 8  . 3 5 2 9 5 4  2 . 6 9 4  . 0 0 9 8  
x 1 7  dec . 2 3 5 5 3 3  . 1 0 7 6 6 5  . 5 1 6 8 0 7  2 . 1 8 8  . 0 3 3 7  -

( Cons tant ) 8 . 2 2 9 7 8 3  1 . 9 5 1 7 4 0  4 . 2 1 7  . 0 0 0 1  
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Mode/ 18(a). 2SLS - Serious Crashes by AII-Theme Adstock 

Dependent variable . .  Y1c_serious_crash 

L i s twise De let ion o f  Mi s s ing Data 

Mul t iple R 
R Square 
Adj usted R Square 
S tandard Error 

. 8 6 6 4 5  

. 7 5 0 7 3  

. 6 6 4 0 3  

. 0 9 5 5 8  

Analys i s  o f  Variance : 

DF 

Regre s s i on 1 6  
Res i dual s  4 6  

F = 8 . 6 5 8 6 7  

Sum o f  Squares Mean Square 

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

Sign i f  F = . 0 0 0 0  

- - - - - - - - - - - - - - - - - - Variables in the Equat ion - - - - - - - - - - - - - - - - - -

Variable B S E  B Beta T Sig T 

Y 2 c  a l l  - . 0 1 5 0 9 2  . 0 1 9 1 6 3 - . 0 7 7 1 6 0  - . 7 8 8  . 4 3 5 0  -

Y3 cbts - . 1 2 6 2 4 1  . 12 0 0 1 6  - . 3 2 9 8 9 8  - 1 . 0 5 2  . 2 9 8 4  -

x4 unem - . 3 4 0 4 3 6  . 1 6 9 5 9 0  - . 2 2 8 9 7 7  - 2 . 0 0 7  . 0 5 0 6  -

x5 ncars . 0 2 4 3 4 3  . 1 3 1 8 0 2  . 0 2 3 7 9 9  . 1 8 5  . 8 5 4 3  -

x6 trend - . 0 0 6 8 9 2  . 0 0 1 3 3 1  - . 7 7 4 2 4 2  - 5 . 17 8  . 0 0 0 0  -

x7 feb - . 0 9 5 5 4 9  . 0 7 4 3 3 7  - . 1 5 9 5 6 2  - 1 . 2 8 5  . 2 0 5 1  
x8 mar . 0 6 3 3 3 1  . 0 6 4 9 6 1  . 1 0 5 7 6 0  . 9 7 5  . 3 3 4 7  -

x9 _apr - . 0 5 4 2 9 7  . 0 6 7 7 6 2 - . 0 9 0 6 7 4  - . 8 0 1  . 4 2 7 1  
x 1 0  _may . 0 0 9 4 5 3  . 0 6 8 5 4 3  . 0 1 5 7 8 6  . 1 3 8  . 8 9 0 9  
x 1 1  _j un - . 0 7 3 0 1 8  . 0 7 7 4 6 5  - . 1 2 1 9 3 7  - . 9 4 3  . 3 5 0 8  
x12_jul - . 1 9 3 3 0 7  . 0 9 4 1 3 8  - . 3 2 2 8 1 4  - 2 . 0 5 3  . 0 4 5 7  
x 1 3  _aug - . 1 5 3 3 9 0  . 0 7 6 9 8 1  - . 2 5 6 1 5 4 - 1 . 9 9 3  . 0 5 2 3  
x 1 4  _sept - . 1 5 4 0 0 6  . 0 7 8 0 1 0  - . 2 5 7 1 8 3  - 1 . 9 7 4  . 0 5 4 4  
x 1 5  oct . 0 1 7 3 6 0  . 0 5 8 5 6 3  . 0 3 1 4 8 2  . 2 9 6  . 7 6 8 2  
x 1 6  nov - . 0 7 8 5 6 1  . 0 6 2 3 6 0  - . 1 4 2 4 7 0  - 1 . 2 6 0  . 2 1 4 1  -

x 1 7  dec . 2 3 0 9 7 7  . 1 0 5 7 0 3  . 4 1 8 8 7 7  2 . 1 8 5  . 0 3 4 0  -

( Constant ) 1 1 . 6 0 9 1 8 4  3 . 2 1 3 4 1 2  3 . 6 1 3  . 0 0 0 7  
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Mode/ 18(b}. 2SLS - Serious Crashes by AII-Theme TARPs 

Dependent variable . .  Y l c  _seri ous -crash 

L i s twi se Deletion of M i s s ing Data 

Mul t iple R . 8 6 5 2 8  
R Square . 7 4 8 7 1  
Adj usted R Square . 6 6 1 3 0  
Standard Error . 0 9 6 0 7 

Analys i s  o f  Vari ance : 

DF Sum of S quares Mean Square 

Regres s i on 1 6  1 . 2 6 5 0 4 0 6  . 0 7 9 0 6 5 04 
Res idua l s  4 6  

F = 8 . 5 6 5 8 2  

. 4 2 4 5 9 3 4  . 0 0 9 2 3 0 2 9  

Sign i f  F = . 0 0 0 0  

- - - - - - - - - - - - - - - - - - Variables in the Equat i on - - - - - - - - - - - - - - - - - -

Var i able 

Y2a_al l  
Y3_cbt s 
x4_unem 
x5_ncars 
x6_trend 
x7_feb 
x8_mar 
x9_apr 
x10_may 
x 1 1_j un 
x12_j ul 
x13_aug 
x1 4_sept 
x15_oct 
x16_nov 
x17_dec 
( Constant ) 

B 

- . 0 0 6 0 6 5  
- . 1 3 4 4 1 0  
- . 3 6 1 5 5 9  

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

. 0 6 3 9 7 3  
- . 0 5 8 2 3 6  

. 0 0 14 3 0 
- . 0 6 9 5 2 0  
- . 1 9 9 4 3 8  
- . 1 5 6 6 2 3  
- . 1 5 4 5 5 3  

. 0 1 9 7 0 0  
- . 0 7 7 0 2 6  

. 2 4 5 0 1 1  
1 1 . 9 6 5 4 3 0  

S E  B 

. 0 0 8 1 3 4  

. 1 1 9 5 9 9  

. 1 6 7 1 7 7  

. 1 3 0 6 6 2  

. 0 0 1 3 5 4  

. 0 7 4 6 1 4  

. 0 6 5 2 7 0  

. 0 6 7 8 9 3  

. 0 7 0 1 5 4  

. 0 7 8 2 8 2 

. 0 9 4 4 7 2  

. 0 7 7 3 7 2 

. 0 7 8 4 1 0  

. 0 5 8 7 0 9  

. 0 6 2 6 6 3 

. 1 0 5 2 8 2  
3 . 1 4 7 4 6 2  

Beta 

- . 0 9 1 3 3 4  
- . 3 5 1 2 4 5  
- . 2 4 3 1 8 5  

. 0 3 1 0 3 2  
- . 7 7 2 0 7 0  
- . 1 6 1 6 9 6  

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

. 0 0 2 3 8 9  
- . 1 1 6 0 9 5  
- . 3 3 3 0 5 3  
- . 2 6 1 5 5 3  
- . 2 5 8 0 9 6  

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

. 4 4 4 3 2 8  

T S ig T 

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

. 2 43 . 8 0 9 1  
- 5 . 0 7 4  . 0 0 0 0  
- 1 . 2 9 8  . 2 0 0 9  

. 9 8 0  . 3 3 2 2  
- . 8 5 8 . 3 9 5 5  

. 0 2 0  . 9 8 3 8  
- . 8 8 8 . 3 7 9 1  

- 2 . 1 1 1  . 0 4 0 2  
- 2 . 0 2 4  . 0 4 8 8  
- 1 . 9 7 1  . 0 5 4 7  

. 3 3 6  . 7 3 8 7  
- 1 . 2 2 9  . 2 2 5 2  

2 . 3 2 7  . 0 2 4 4  
3 . 8 0 2 . 0 0 0 4  
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Mode/ l8(e). 2SLS - Serious Crashes by Drink-Drive Adstoek 

Dependent variable . .  Y1c_serious_crash 

L i s twi se Del e t i on o f  Mi s s ing Data 

Mul tiple R 
R Square 
Adj u s ted R Square 
Standard Error 

. 8 6 5 5 1  

. 7 4 9 1 1  

. 6 6 1 8 4  

. 0 9 5 9 0  

Analys i s  o f  Variance : 

DF 

Regre s s i on 1 6  
Res i dua l s  4 6  

F = 8 . 5 8 4 1 8  

Sum o f  Squares Mean Square 

1 . 2 63 14 2 6  . 0 7 8 9 4 6 4 2  
. 4 2 3 0 5 0 0  . 0 0 9 1 9 6 7 4  

Signi f  F = . 0 0 0 0  

- - - - - - - - - - - - - - - - - - Variables i n  the Equat ion - - - - - - - - - - - - - - - - - -

Variable 

Y2 d_dd_a 
Y3_cbts 
x4_unem 
x5_ncars 
x6_trend 
x7 feb 
x8_mar 
x9_apr 
x 1 0_may 
x 1 1_j un 
x 1 2_j ul 
x 1 3_aug 
x 1 4_sept 
x 1 5  oct 
x 1 6_nov 
x 1 7_dec 
( Constant ) 

B 

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

. 0 3 2 8 6 4 
- . 0 0 7 1 6 0  
- . 1 0 3 0 1 4  

. 0 6 0 5 4 6  
- . 0 5 9 1 3 4  

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

. 0 1 5 1 9 2  
- . 0 8 5 8 0 4  

. 2 4 4 3 6 9  
1 2 . 0 6 0 7 1 6  

S E  B 

. 0 1 9 5 0 2  

. 1 2 2 7 4 2  

. 1 6 7 9 3 1  

. 1 3 4 2 3 5  

. 0 0 1 3 4 6  

. 0 7 4 9 3 3  

. 0 6 5 6 6 8  

. 0 6 7 9 0 9  

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

3 . 2 0 4 0 6 2  

Beta 

- . 0 4 3 4 6 8  
- . 3 7 9 2 7 9  
- . 2 3 9 6 6 4  

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

. 1 0 1 1 0 9  
- . 0 9 8 7 5 1  

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

. 0 2 7 5 5 0  
- . 1 5 5 6 0 6  

. 4 4 3 1 6 4  

T 

- . 4 1 3  
- 1 . 1 8 2  
- 2 . 1 2 2  

. 2 4 5  
- 5 . 3 1 9  
- 1 . 3 7 5  

. 9 2 2  
- . 8 7 1  

. 1 0 4  
- 1 . 0 2 5  
-2 . 1 6 0  
- 2 . 0 9 4  
- 2 . 0 6 3  

. 2 5 1  
- 1 . 3 3 0  

2 . 2 6 5  
3 . 7 6 4  

Sig T 

. 6 8 1 9  

. 2 4 3 1  

. 0 3 9 3 

. 8 0 7 7  

. 0 0 0 0  

. 1 7 5 9  

. 3 6 1 3  

. 3 8 8 4  

. 9 1 7 7  

. 3 1 0 8  

. 0 3 6 0  

. 04 1 8  

. 0 447 

. 8 0 3 0  

. 1 9 0 2  

. 0 2 8 2  

. 0 0 0 5  
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Mode/ t8( dJ. 2SLS - Serious Crashes by Drink-Drive TARPs 

Dependent variable . .  Y1c_s eriou s_crash 

L i s twi se Del e t i on of M i s s ing Data 

Mul t iple R 
R S quare 
Adj usted R Square 
S tandard Error 

. 8 7 6 0 9  

. 7 6 7 5 3  

. 6 8 6 6 7 

. 0 9 1 3 8  

Analys i s  o f  Varianc e :  

DF Sum o f  Squares Mean Square 

Regress ion 1 6  1 . 2 6 8 2 3 4 0  . 0 7 9 2 6 4 6 3  
Re s i dual s  4 6  

F = 9 . 4 9 2 2 8  

. 3 84 1 1 9 9  . 0 0 8 3 5 0 4 3  

S igni f  F = . 0 0 0 0  

- - - - - - - - - - - - - - - - - - Variables i n  the Equa t i on - - - - - - - - - - - - - - - - - -

Variable 

Y2 b_dd_T 
Y3_cbts 
x4_unem 
x 5_ncars 
x6_t rend 
x7 feb 
x8_mar 
x9_apr 
x 1 0_may 
x1 1_j un 
x1 2_ju1 
x 1 3 _aug 
x1 4_sept 
x1 5_oct 
x 1 6 _nov 
x 1 7_dec 
( Constant ) 

B 

. 0 0 8 4 4 3  
- . 1 2 7 7 2 1  
- . 3 7 6 4 2 7  

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

. 0 8 0 2 4 1  
- . 0 6 8 7 4 5  

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

. 0 2 7 5 9 0  
- . 0 5 8 9 1 9  

. 2 1 5 7 0 2  
1 2 . 8 0 5 0 6 0  

S E  B 

. 0 0 9 4 5 6  

. 1 1 9 0 3 1  

. 1 5 9 5 1 9  

. 14 2 6 4 1  
. 0 0 1 2 3 5  
. 0 7 2 9 3 6  
. 0 6 4 9 0 2  
. 0 6 5 3 4 5  
. 0 6 5 8 4 2  
. 0 7 4 5 5 5  
. 0 9 7 9 9 8  
. 07 8 6 3 3  
. 0 7 9 8 4 2  
. 0 5 6 2 4 0  
. 0 6 4 0 6 6  
. 1 0 9 0 7 9  

3 . 0 2 0 0 3 3  

Beta 

. 13 8 9 3 8  
- . 3 3 3 7 6 7  
- . 2 5 3 1 8 5  

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

. 1 3 3 9 9 9  
- . 1 1 4 8 0 2  

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

. 0 5 0 0 3 4  
- . 1 0 6 8 5 1  

. 3 9 1 1 7 6  

T Sig T 

. 8 9 3  . 3 7 6 6  
- 1 . 0 7 3  . 2 8 8 9  
- 2 . 3 6 0  . 0 2 2 6  

. 8 1 0  . 4 2 2 2  
- 5 . 7 9 5  . 0 0 0 0  
- 1 . 2 4 9  . 2 1 8 1  

1 . 2 3 6  . 2 2 2 6  
- 1 . 0 5 2  . 2 9 8 3  

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

. 4 9 1  . 6 2 6 1  
- . 9 2 0 . 3 6 2 5  
1 . 9 7 7 . 0 5 4 0  
4 . 2 4 0  . 0 0 0 1  
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Model 19(a). 2SLS - Fatalities by AII-Theme TARPs 

Dependent variable . .  Y1d_fata l s  

L i s twise Delet i on of Mi s s ing Data 

Mul tiple R . 6 6 8 0 4  
R Square . 4 4 6 2 8  
Adj us ted R Square . 2 5 3 6 8  
Standard Error . 1 7 4 9 0  

Analys i s  o f  Variance :  

DF 

Regre s s i on 1 6  
Res idual s  4 6  

F = 2 . 3 1 7 1 3  

Sum o f  Squares Mean Square 

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

Signi f F = . 0 1 3 4  

- - - - - - - - - - - - - - - - - - Variables in the Equat ion - - - - - - - - - - - - - - - - - -

Variable B SE B Beta T S i g  T 

Y2 a_al l  . 0 0 1 6 9 4  . 0 1 5 2 3 6  . 0 2 0 5 3 4  . 1 1 1  . 9 1 1 9  
Y3 cbt s . 1 4 5 5 2 9  . 2 3 2 8 5 0  . 3 0 6 0 7 3  . 6 2 5  . 5 3 5 1  -

x4_unem - . 0 5 7 4 5 9  . 3 0 4 8 5 3  - . 0 3 1 1 0 4  - . 1 8 8  . 8 5 1 3  
x5_ncars . 0 1 9 0 1 6  . 2 3 8 0 3 5  . 0 1 4 9 6 2  . 0 8 0  . 9 3 6 7 
x6 trend - . 0 0 1 9 5 0  - . 0 0 2 5 9 7  - . 1 7 6 2 8 4  - . 7 5 1  . 4 5 6 6  
x7 feb . 0 3 9 4 8 9  - . 1 3 9 0 3 8  . 0 5 3 0 7 3  . 2 8 4  . 7 7 7 7  
x8_mar . 3 0 3 5 2 9  . 1 1 9 5 6 2  . 4 0 7 9 4 3  2 . 5 3 9  . 0 1 4 6  
x9 _apr . 0 0 4 9 9 0  . 1 2 4 1 1 5  . 0 0 6 7 0 7  . 0 4 0  . 9 6 8 1  
x 1 0_may . 1 1 4 8 3 0 . 1 2 8 9 0 6  . 1 5 4 3 3 2  . 8 9 1  . 3 7 7 7  
x 1 1  _j un . 0 6 9 7 1 1  . 1 4 6 6 5 4  . 0 9 3 6 9 2  . 4 7 5  . 6 3 6 8  
x 1 2_j ul . 1 9 8 9 0 2  . 1 7 8 5 0 4 . 2 6 7 3 2 4  1 . 1 1 4  . 2 7 1 0  
x 1 3  _aug . 0 7 1 8 5 1  . 1 4 4 2 5 8  . 0 9 6 5 6 8  . 4 9 8  . 6 2 0 8  
x14  _sept . 0 2 1 3 4 5  . 1 4 6 4 6 5  . 0 2 8 6 8 8  . 1 4 6  . 8 8 4 8  
x 1 5  oct . 1 1 3 3 7 5 . 1 0 6 9 4 3  . 1 6 5 4 7 5  1 .  0 6 0  . 2 9 4 6  
x1 6_nov . 2 5 0 13 1 . 1 1 5 0 7 8  . 3 6 5 0 7 4  2 . 1 7 4  . 0 3 4 9  
x17  dec . 2 2 5 6 5 9  - . 2 0 0 2 7 9  . 3 2 9 3 5 6  1 . 1 2 7  . 2 6 5 7  
( Constant ) 2 . 5 7 3 8 4 6  5 . 7 8 3 2 1 5  . 4 4 5  . 6 5 8 4  
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Mode/ 19(b). 2SLS - Fatalities by AII-Theme Adstock 

Dependent variable . .  Yld _fatals 

L i s twi s e  De l e t i on o f  Mi s s ing Data 

Mul tiple R . 6 6 8 2 0  
R Square . 4 4 6 4 9  
Adj usted R Square . 2 5 3 9 7 
S tandard Error . 1 7 4 8 1  

Analys i s  o f  Variance : 

DF Sum o f  Squares Mean Square 

Regress ion 1 6  1 . l 3 3 8 8 6 6  . 0 7 0 8 6 7 9 1  
Res idual s  4 6  1 . 4 0 5 6 5 2 2  . 0 3 0 5 5 7 6 6  

F = 2 . 3 1 9 1 5  Signif  F = . 0 1 3 3  

- - - - - - - - - - - - - - - - - - Variables in the Equat ion - - - - - - - - - - - - - - - - - -

Variabl e B SE B Beta T Sig T 

Y 2 c  a l l  - . 0 0 2 2 1 1  . 0 3 4 9 7 5  - . 0 0 9 0 9 7  - . 0 6 3  . 9 4 9 9  -

Y3 cbt s . 1 5 0 2 8 7  . 2 3 3 4 2 7  . 3 1 6 0 7 9  . 6 4 4  . 5 2 2 9  -

x4 un em - . 0 5 2 2 4 3  . 3 1 0 7 7 0  - . 0 2 8 2 8 0  - . 1 6 8  . 8 6 7 2  -

x 5  ncars . 0 2 7 9 5 9  . 2 4 1 1 1 2  . 0 2 1 9 9 8  . 1 1 6  . 9 0 8 2  -

x 6  trend - . 0 0 1 7 8 9  . 0 0 2 5 2 1  - . 1 6 1 7 2 7  - . 7 1 0  . 4 8 1 5  -

x7 feb . 0 4 17 6 9  . l 3 8 7 7 7  . 0 5 6 1 3 7  . 3 0 1  . 7 6 4 8  
x 8  _mar . 3 0 2 9 1 9  . 1 1 9 6 0 2  . 4 0 7 1 2 4  2 . 5 3 3  . 0 1 4 8  
x 9  _apr . 0 0 5 8 9 9  . 1 2 4 4 1 7  . 0 0 7 9 2 9 . 0 4 7  . 9 6 2 4  
x l 0  _may . 1 1 2 0 4 0 . 1 2 6 9 7 7  . 1 5 0 5 8 2  . 8 8 2  . 3 8 2 2  
x l 1  _j un . 0 7 2 5 6 2  . 1 4 5 17 4  . 0 9 7 5 2 3  . 5 0 0  . 6 1 9 6  
x 1 2_j ul . 1 9 9 8 5 8  . 1 7 8 6 7 2  . 2 6 8 6 1 0  1 . 1 1 9  . 2 6 9 1  
x 1 3  _aug . 0 7 2 1 8 5  . 1 4 4 2 2 8  . 0 9 7 0 1 7  . 5 0 0  . 6 1 9 1  
x 1 4  _sept . 0 2 1 9 9 4  . 1 4 6 3 0 4  . 0 2 9 5 6 0  . 1 5 0  . 8 8 1 2  
x 1 5  oct . 1 1 2 4 2 6  . 1 0 7 1 5 2  . 1 6 4 0 8 9  1 .  0 4 9  . 2 9 9 6  
x 1 6  nov . 2 5 0 2 4 8  . 1 1 5 0 2 1  . 3 6 5 2 4 5  2 . 1 7 6  . 0 3 4 8  -

x 1 7  dec . 2 2 3 7 7 6  . 2 0 1 8 7 0  . 3 2 6 6 0 8  1 . 1 0 9  . 2 7 3 4  -

( Constan t )  2 . 3 8 8 8 4 9 5 . 9 1 2 1 4 9  . 4 0 4  . 6 8 8 0  
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Model 19(c). 2SLS - Fatalities by Drink-Drive TARPs 

Dependent var i able . .  Y1d_fatal s  

L i s twi s e  Del e t ion of Mi s s ing Data 

Mul t ip l e  R . 6 6 7 7 1  
R Square . 4 4 5 8 4  
Adj us ted R Square . 2 5 3 0 9  
S tandard Error . 1 7 5 0 5  

Ana lys i s  o f  Variance : 

DF 

Regre s s i on 1 6  
Res idua l s  4 6  

F = 2 . 3 1 3 0 3  

Sum o f  Squares Mean Square 

1 . 1 3 4 0 9 1 2  . 0 7 0 8 8 0 7 0  
1 . 4 0 9 6 3 0 1  . 0 3 0 6 4 4 1 3  

S i gni f F = . 0 1 3 6  

- - - - - - - - - - - - - - - - - - Variables in the Equation - - - - - - - - - - - - - - - - - -

Variable B S E  B Beta T Sig T 

Y2b_dd_T - . 0 0 0 8 9 8  . 0 1 9 4 5 0  - . 0 1 1 8 9 8  - . 0 4 6  . 9 6 3 4  
Y3 cbt s . 1 5 1 3 6 9  . 2 3 7 3 9 2 . 3 1 8 3 5 5  . 6 3 8  . 5 2 6 9  -

x4_unem - . 0 5 6 2 4 5  . 3 0 5 7 9 5  - . 03 0 4 4 6 - . 1 8 4  . 8 5 4 9  
x5_ncars . 0 3 0 7 4 5  . 2 7 7 6 9 2  . 0 2 4 1 9 0  . 1 1 1  . 9 1 2 3  
x6 trend - . 0 0 1 8 1 1  . 0 0 2 4 3 2  - . 1 6 3 7 0 7  - . 7 4 4  . 4 6 0 4  -

x7 feb . 0 4 1 5 1 7  . 1 4 1 0 2 4  . 0 5 5 7 9 8  . 2 9 4  . 7 6 9 8  
x8_mar . 3 02 4 6 6  . 1 2 4 4 2 0  . 4 0 6 5 1 4 2 . 4 3 1  . 0 1 9 0  
x 9_apr . 0 0 6 9 5 1  . 1 2 6 5 5 9  . 0 0 9 3 4 3  . 0 5 5  . 9 5 6 4  
x 1 0_may . 1 1 3 4 3 7  . 1 2 7 5 6 1  . 1 5 2 4 6 0  . 8 8 9  . 3 7 8 5  
x1 1 _j un . 0 7 4 1 7 7  . 1 4 6 4 9 7  . 0 9 9 6 9 3  . 5 0 6  . 6 1 5 0  
x 1 2  _jul . 1 9 9 1 1 4  . 1 8 9 6 0 3  . 2 6 7 6 0 9  1 . 0 5 0  . 2 9 9 1  
x 1 3  _aug . 0 7 l 6 5 8  . 1 5 1 4 9 2  . 0 9 6 3 0 9  . 4 7 3  . 6 3 8 4  
x14  _sept . 0 2 1 6 3 4  . 1 5 3 8 6 7 . 0 2 9 07 6 . 1 4 1  . 8 8 8 8  
x 1 5  oct . 1 1 2 0 8 8  . 1 0 8 0 6 1  . 1 6 3 5 9 7  1 .  0 3 7  . 3 0 5 0  
x 1 6_nov . 2 4 9 2 9 6  . 1 2 2 8 5 7 . 3 6 3 8 5 5  2 . 0 2 9  . 0 4 8 3  
x 1 7  dec . 2 2 5 1 1 0  . 2 1 1 9 1 4 . 3 2 8 5 5 5  1 .  0 6 2  . 2 9 3 7  
( Cons tant ) 2 . 3 8 8 1 6 5  5 . 8 8 3 6 2 6  . 4 0 6  . 6 8 6 7  
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Model 19( dJ. 2SLS - Fatalities by Drink-Drive Adstock 

Dependent var i able . .  Yld_fatals 

L i s twise Del e t i on o f  Mi s s ing Data 

Mul t iple R . 6 6 8 1 9  
R Square . 4 4 6 4 7  
Adj us ted R S quare . 2 5 3 9 4 
S tandard Error . 1 7 4 8 4  

Ana lys i s  o f  Variance : 

DF Sum o f  Square s Mean Square 

Regre s s i on 1 6  1 . 1 3 4 1 7 8 7  . 0 7 0 8 8 6 1 7  
Res i dual s  4 6  1 . 4 0 6 1 3 7 8  . 0 3 0 5 6 8 2 1  

F = 2 . 3 1 8 9 5  S i gn i f  F = . 0 1 3 4  

- - - - - - - - - - - - - - - - - - Variables in t he Equat i on - - - - - - - - - - - - - - - - - -

Var iable B S E  B Beta T Sig T 

Y2 d_dd_a - . 0 0 2 5 5 3  . 0 3 6 0 9 9  - . 0 1 1 1 0 0  - . 0 7 1  . 9 4 3 9  
Y3 cbts . 1 5 5 6 8 6  . 2 3 9 6 4 0  . 3 2 7 4 3 4  . 6 5 0  . 5 1 9 1  -

x4 un em - . 0 5 4 8 8 9  . 3 0 6 4 6 5  - . 0 2 9 7 1 2  - . 1 7 9  . 8 5 8 6  -

x5 ncars . 0 2 9 0 3 6  . 2 4 4 8 4 2 . 0 2 2 8 4 6  . 1 1 9  . 9 0 6 1  -

x 6  t rend - . 0 0 17 4 0  . 0 0 2 5 8 1  - . 1 5 7 3 3 6  - . 6 74 . 5 0 3 6  -

x7 f eb . 0 4 3 4 6 2  . 1 3 9 8 0 9  . 0 5 8 4 1 3  . 3 1 1  . 7 5 7 3  -

x 8  mar . 3 0 3 1 9 2  . 1 2 0 2 8 5  . 4 0 7 4 9 0  2 . 5 2 1  . 0 1 5 2  -

x 9  _apr . 0 0 6 3 5 9  . 1 2 4 3 9 2  . 0 0 8 5 4 7  . 0 5 1  . 9 5 9 4  
x l 0  _may . 1 1 3 2 6 4  . 1 2 7 4 2 3  . 1 5 2 2 2 7  . 8 8 9  . 3 7 8 7  
x l l  _j un . 0 7 4 4 5 1 . 1 4 6 3 7 8  . 1 0 0 0 6 2  . 5 0 9  . 6 1 3 4  
x1 2_j ul . 2 0 2 0 0 2  . 1 8 0 4 2 0  . 2 7 14 9 1 1 . 1 2 0  . 2 6 8 7  
x13  _aug . 0 7 2 4 2 2  . 1 4 6 2 3 3  . 0 9 7 3 3 5  . 4 9 5  . 6 2 2 8  
x 1 4  _sept . 0 2 2 2 9 1  . 1 4 8 6 5 9  . 0 2 9 9 5 9  . 1 5 0  . 8 8 1 5  
x 1 5  oc t . 1 1 0 7 5 7  . 1 1 0 6 5 5  . 1 6 1 6 5 4  1 . 0 0 1  . 3 2 2 1  -

x 1 6  nov . 2 4 9 4 2 4  . 1 1 8 1 1 5  . 3 6 4 0 4 3  2 . 1 1 2  . 0 4 0 2  -

x 1 7  dec . 2 1 9 4 2 2  . 2 0 6 8 8 6  . 3 2 0 2 5 3  1 . 0 6 1  . 2 9 4 4  -

( C on s tant ) 2 . 3 4 6 8 0 6  5 . 9 0 8 7 3 9  . 3 9 7  . 6 9 3 1  
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Model 20(a). 2SLS - High Alcohol Hour Serious Crashes by AII-Theme TARPs 

Dependent var i ab l e  . .  Y1e_HAH_serious_c rash 

L i s twi se Del e t i o n  of Mi s s ing Data 

Mul tiple R 
R S quare 
Adj us ted R S quare 
Standard Error 

. 7 4 5 2 5  

. 5 5 54 0  

. 4 0 0 7 6  

. 2 2 2 8 3  

Analys i s  o f  Variance : 

DF 

Regre s s i on 1 6  
Res idual s  4 6  

F = 3 . 5 9 1 5 1  

Sum o f  Squares Mean Square 

2 . 8 5 3 2 3 9 4 . 1 7 8 3 2 7 4 6  

2 . 2 8 4 0 1 7 5  . 0 4 9 6 5 2 5 5  

S igni f  F = . 0 0 0 3  

- - - - - - - - - - - - - - - - - - Variables i n  the Equat i on - - - - - - - - - - - - - - - - - -

Var iable 

Y2a_a l l  
Y3_cbt s 
x4_unem 
x5_ncars 
x6_trend 
x7_feb 
x8_mar 
x9_apr 
x10_may 
x1 1_j un 
x12_j ul 
x 1 3_aug 
x1 4_sept 
x1 5 oct 
x 1 6_nov 
x1 7_dec 
( Constan t ) 

B 

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

. 1 5 8 447 
- . 0 1 1 6 5 6  

. 1 0 5 3 1 9  

. 2 2 4 4 8 1  

. 0 4 9 3 6 4  

. 0 3 7 9 8 9  

. 0 5 2 3 6 6  
- . 1 3 8 4 3 5  

. 1 1 1 8 0 0  
- . 0 4 9 7 9 7  

. 1 4 8 3 9 7 

. 0 8 5 5 0 8  

. 5 5 4 9 7 4  
1 0 . 2 7 8 1 7 8  

SE B 

. 0 1 8 8 9 8  

. 2 8 7 6 1 6  

. 3 8 8 2 5 3 

. 3 0 3 2 0 7 

. 0 0 3 1 9 0  

. 1 7 5 0 2 0  

. 1 5 2 0 0 1  

. 1 5 7 8 2 4  

. 1 6 4 1 8 1  

. 1 8 3 8 8 6  

. 2 2 4 0 5 6  

. 1 8 2 0 6 5  

. 1 8 4 5 4 9  

. 1 3 6 1 9 3  

. 14 6 0 4 6  

. 2 5 0 8 0 0  
7 . 3 2 2 3 2 4  

Beta 

- . 1 5 6 4 7 3  
- . 4 0 5 3 8 1  
- . 1 4 3 4 6 1  

. 0 8 7 9 2 0  
- . 7 4 3 2 0 5  

. 0 9 9 8 2 4  

. 2 1 2 7 6 9  

. 0 4 6 7 8 8  

. 0 3 6 0 0 7  

. 0 4 9 6 3 4  
- . 1 3 1 2 1 2  

. 1 0 5 9 6 7  
- . 0 4 7 1 9 9  

. 1 5 2 7 4 5  

. 0 8 8 0 1 4  

. 5 7 1 2 3 6  

T 

- . 9 6 9  
- . 9 5 0  
- . 9 6 8  

. 5 2 3  
- 3 . 6 5 4  

. 6 0 2  
1 .  4 7 7  

. 3 l 3  

. 2 3 1  

. 2 8 5  
- . 6 1 8  

. 6 1 4  
- . 2 7 0  
1 . 0 9 0  

. 5 8 5  
2 . 2 1 3  
1 .  4 0 4  

Sig T 

. 3 3 7 8  

. 3 4 6 9  

. 3 3 8 1  

. 6 0 3 8  

. 0 0 0 7  

. 5 5 0 3  

. 1 4 6 5  

. 7 5 5 9  

. 8 1 8 0  

. 7 7 7 1  

. 5 3 9 7  

. 5 4 2 2  

. 7 8 8 5  

. 2 8 1 6  

. 5 6 1 1  

. 0 3 1 9  

. 1 6 7 1  
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Model 20(b), 2SLS - High Alcohol Hour Serious Crashes by AII-Theme TARPs 

Dependent variable . .  Y l e  HAH_serious_crash 

L i s twi se De l e t i on o f  M i s s ing Data 

Mul tiple R 
R Square 
Adj us t ed R Square 
Standard Error 

. 7 5 3 6 2  

. 5 6 7 9 4  

. 4 1 7 6 5  

. 2 2 3 2 1  

Analys i s  o f  Variance :  

DF Sum of Squares Mean S quare 

Regre s s i on 1 6  
Res i dual s  4 6  

F = 3 . 7 7 9 1 0  

3 . 0 1 2 5 0 8 5  . 1 8 8 2 8 1 7 8  
2 . 2 9 1 8 0 3 0  . 04 9 8 2 1 8 1  

Sign i f  F = . 0 0 0 2 

- - - - - - - - - - - - - - - - - - Vari able s  in the Equat ion - - - - - - - - - - - - - - - - - -

Variable 

Y2c_a l l  
Y3_cbt s 
x4_unem 
x5_ncars 
x6_trend 
x7_feb 
x8_mar 
x9_apr 
x l 0_may 
x1 1_j un 
x1 2_j u l 
x1 3_aug 
x 1 4_sept 
x 1 5_oct 
x1 6_nov 
x1 7_dec 
( Cons tant ) 

B 

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

. 2 5 7 9 6 7  
- . 0 1 0 4 9 0  

. 1 3 2 9 1 4  

. 2 1 9 3 9 0  

. 0 7 7 5 1 0  

. 0 6 1 9 1 5  

. 0 6 0 8 0 1  
- . 0 9 2 3 9 3  

. 1 3 5 9 5 8  
- . 0 3 6 6 5 4  

. 1 2 9 3 7 8  

. 0 8 1 3 2 5  

. 4 6 0 9 2 5  
7 . 0 6 2 3 5 3  

S E  B 

. 0 4 4 8 8 0  

. 2 9 2 0 4 2  

. 3 9 6 1 2 9  

. 3 0 7 7 5 5  

. 0 0 3 1 9 8  

. 1 7 5 9 8 9  

. 1 5 2 2 2 8  

. 1 5 8 7 1 3  

. 1 6 1 1 9 4  

. 1 8 3 7 1 1  

. 2 2 5 0 4 4  

. 1 8 2 4 4 8  

. 1 8 4 9 3 7  

. 1 3 6 8 2 9  

. 1 4 6 3 1 1  

. 2 5 4 1 7 2  
7 . 5 5 1 3 1 8  

Bet a  

- . 2 6 4 7 3 0 
- . 2 7 3 44 7  
- . 0 9 0 2 6 8  

. 1 4 3 1 4 2  
- . 6 6 8 8 5 5  

. 1 2 5 9 8 0  

. 2 0 7 9 4 3  

. 0 7 3 4 6 6  

. 0 5 8 6 8 4  

. 0 5 7 6 2 9  
- . 0 8 7 5 7 2  

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

. 1 3 3 1 6 9  

. 0 8 3 7 0 8  

. 4 7 4 4 3 1 

T Sig T 

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

. 8 3 8  . 4 0 6 2  
- 3 . 2 8 0  . 0 0 2 0  

. 7 5 5  . 4 5 4 0  
l .  4 4 1  . 1 5 6 3  

. 4 8 8  . 6 2 7 6  

. 3 8 4  . 7 0 2 7  

. 3 3 1  . 7 42 2 
- . 4 1 1  . 6 8 3 3  

. 7 4 5  . 4 5 9 9  
- . 1 9 8  . 8 43 8 

. 9 4 6  . 3 4 9 3  

. 5 5 6  . 5 8 1 0  
1 . 8 1 3 . 0 7 6 3  

. 9 3 5  . 3 5 4 5  
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Model 20( c). 2SLS - High Alcohol Hour Serious Crashes by AII-Theme TARPs 

Dependent variable . .  Yle HAH_serious_crash 

L i s twi se De l e t i on o f  Mi s s ing Data 

Mul t iple R 
R Square 
Adj us ted R Square 
S t andard Error 

. 7 4 3 9 7  

. 5 5 3 4 9  

. 3 9 8 1 8 

. 2 2 2 5 5  

Analys i s  o f  Variance : 

DF 

Regre s s ion 1 6  
Res i dua l s  4 6  

F = 3 . 5 6 3 7 7  

Sum o f  Squares Mean Square 

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

S igni f F = . 0 0 0 4 

- - - - - - - - - - - - - - - - - - Variables i n  the Equa t i on - - - - - - - - - - - - - - - - - -

Variable 

Y2 b_dd_T 
Y3_cbt s 
x4_unern 
x 5_ncars 
x6_trend 
x7_feb 
x8_rnar 
x 9_apr 
x l 0_may 
x l l_j un 
x 1 2_j u l  
x 1 3 _aug 
x 1 4_sept 
x i S  oct 
x 1 6 _nov 
x1 7 _dec 
( Constant ) 

B 

. 0 0 3 9 3 0  
- . 3 1 8 8 0 5  
- . 3 8 8 8 7 8  

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

. 0 8 5 8 9 7  

. 2 3 0 4 6 2  

. 0 3 8 7 0 1  

. 0 5 9 5 6 2 

. 0 1 6 6 8 5  
- . 14 2 5 6 6  

. 1 1 1 2 9 5  
- . 0 5 5 4 6 0  

. 1 5 6 7 8 0  

. 0 8 6 8 0 2  

. 5 6 0 2 5 1  
1 1 . 6 9 1 6 4 1  

S E  B 

. 0 2 2 9 2 7  

. 2 9 2 8 9 0  

. 3 8 8 5 0 9  

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

7 . 3 8 2 8 6 4 

Beta 

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

. 0 4 1 2 5 6  
- . 8 2 8 6 8 3  

. 0 8 1 4 1 6  

. 2 1 8 4 3 8  

. 0 3 6 6 8 2  

. 0 5 6 4 5 5  

. 0 1 5 8 1 4 
- . 1 3 5 1 2 7  

. 1 0 5 4 8 8  
- . 0 5 2 5 6 6  

. 1 6 1 3 7 4  

. 0 8 9 3 4 5  

. 5 7 6 6 6 8  

T 

. 17 1  
- 1 . 0 8 8  
- 1 . 0 0 1  

. 2 1 5  
-4 . 2 9 1  

. 4 8 3  
1 .  4 6 0  

. 2 4 3  

. 3 7 0  

. 0 9 1  
- . 5 9 7  

. 5 8 2  
- . 2 8 5  
1 . 1 4 4  

. 5 5 8  
2 . 1 0 7  
1 .  5 8 4 

S i g  T 

. 8 6 4 6  

. 2 8 2 1  

. 3 2 2 1  

. 8 3 1 1  

. 0 0 0 1  

. 6 3 1 5 

. 1 5 1 0  

. 8 0 9 4  

. 7 1 2 8  

. 9 2 7 7  

. 5 5 3 1  

. 5 6 3 6  

. 7 7 6 6  

. 2 5 8 5  

. 57 9 7 

. 0 4 0 6  

. 1 2 0 1 

237 



Model 20( dJ. 2SLS - High Alcohol Hour Serious Crashes by AII-Theme TARPs 

Dependent variable . .  Y1e_HAH_serious_crash 

L i s twi se De l e t i on of Mi s s ing Data 

Mul t iple R 
R Square 
Adj u s ted R Square 
S tandard Error 

. 7 6 2 0 3  

. 5 8 0 6 9  

. 4 3 4 8 5  

. 2 1 8 1 8  

Analys is o f  Variance : 

DF Sum of Squares Mean Square 

Regress ion 1 6  
Res i dua l s  4 6  

F = 3 . 9 8 1 5 6  

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

Sign i f  F = . 0 0 0 1  

- - - - - - - - - - - - - - - - - - Variables in the Equat ion - - - - - - - - - - - - - - - - - -

Variable 

Y2 d_dd_a 
Y3_cbts 
x4_unem 
x5_ncars 
x 6_trend 
x7 feb 
x8_mar 
x9_apr 
x 1 0_may 
x1 1_j un 
x1 2_j ul 
x 1 3 _aug 
x 1 4_sept 
x 1 5  oct 
x 1 6_nov 
x1 7_dec 
( Cons tant ) 

B 

- . 0 9 3 1 5 2  
- . 2 4742 8 
- . 2 9 143 5 

. 2 9 7 6 0 8  
- . 0 1103 9 

. 1 0 3 2 5 6 

. 1 8 7 9 3 0 

. 0 5 6 5 2 7  

. 0 4463 4 

. 0 2 7 7 2 2  
- . 1 6 7 73 1 

. 0 4 4 8 8 9  
- . 1 2 8 1 3 0  

. 0 8 0 9 1 6  

. 0 0 5 4 0 0  

. 4 9 3 5 40 
8 . 0 5 9 6 73 

SE B 

. 0 4 4 3 7 8  

. 2 8 4 5 4 9  

. 3 8 2 2 4 2  

. 3 0 5 3 9 9  

. 0 0 3 0 9 8  

. 1 7 1 5 4 5  

. 1 4 9 6 6 4  

. 1 5 4 6 8 4  

. 1 5 7 7 1 5  

. 1 7 9 3 2 5  

. 2 1 9 5 2 6  

. 1 8 0 2 6 4  

. 1 8 3 2 3 4  

. 1 3 7 7 5 4  

. 1 47 1 0 3  

. 2 4 8 6 8 6  
7 . 3 0 5 2 6 8  

Beta 

- . 2 8 5 6 4 8  
- . 3 6 6 9 8 9  
- . 1 1 1 2 5 6  

. 1 6 5 1 3 8 
- . 7 0 3 8 6 4  

. 0 9 7 8 6 9  

. 1 7 8 1 2 5  

. 0 5 3 5 7 8  

. 0 4 2 3 0 5  

. 0 2 6 2 7 6  
- . 1 5 8 9 8 0  

. 0 4 2 5 4 7  
- . 1 2 14 4 5  

. 0 8 3 2 8 6  

. 0 0 5 5 5 8  

. 5 0 8 0 0 1  

T S i g  T 

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

. 9 7 4  . 3 3 4 9  
- 3 . 5 6 3  . 0 0 0 9  

. 6 0 2  . 5 5 0 2  
1 . 2 5 6  . 2 1 5 6  

. 3 6 5  . 7 1 6 5  

. 2 8 3  . 7 7 8 4  

. 1 5 5  . 8 7 7 8  
- . 7 6 4 . 4 4 8 7  

. 2 4 9  . 8 0 4 5  
- . 6 9 9 . 4 8 7 9  

. 5 8 7  . 5 5 9 8  

. 0 3 7  . 9 7 0 9  
1 . 9 8 5 . 0 5 3 2  
1 . 1 0 3  . 2 7 5 6  
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Model 21(a). 2SLS - Alcohol-Related Serious Crashes by AII-Theme Adstock 

Dependent variable . .  YH -alc _crash 

L i s twi s e  Deletion of Mi s s ing Data 

MUl t ip l e  R . 9 1 4 2 5  
R Square . 8 3 5 8 5  
Adj usted R Square . 7 7 8 7 5  
Standard Error . 1 0 1 3 6  

Analy s i s  o f  Variance : 

Regre s s i on 
Res i dua l s  

DF 

1 6  
4 6  

F = 1 4 . 6 3 9 1 5  

Sum o f  Squares 

2 . 4 0 6 6 0 5 6  
. 4 7 2 6 3 6 0  

Mean Square 

. 1 5 0 4 1 2 8 5  

. 0 1 0 2 7 4 6 9  

Signi f F = . 0 0 0 0  

- - - - - - - - - - - - - - - - - - Variables i n  the Equat i on - - - - - - - - - - - - - - - - - -

Variable 

Y2c_a l l  
Y3_cbt s  
x4_unem 
x5_ncars 
x6_trend 
x7 feb 
x8_mar 
x9_apr 
x l 0_may 
xl l_j un 
x1 2_j ul 
x 1 3 _aug 
x1 4_sept 
x1 5_oct 
x1 6_nov 
x17_dec 
( Cons tant ) 

B 

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

. 0 6 2 0 4 1  
- . 0 0 8 7 1 9  

. 0 6 4 2 4 6  

. 1 5 1 8 6 2  
- . 0 0 6 8 1 1  

. 1 0 1 1 3 3  

. 1 3 5 8 8 9  

. 1 5 1 2 1 5  

. 1 5 0 5 7 1  

. 1 5 4 3 7 7  

. 1 9 8 9 0 4  

. 2 3 2 7 5 7  

. 3 3 3 3 4 2  
1 0 . 5 7 6 7 3 7  

SE B 

. 0 2 0 2 3 4  

. 1 2 9 3 9 0  

. 1 7 9 9 5 2  

. 1 3 9 7 6 7 

. 0 0 1 4 2 3  

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

3 . 4 1 1 2 0 5  

Beta 

- . 2 2 8 2 3 7  
- . 0 8 9 1 0 7  
- . 1 6 7 0 7 1  

. 0 4 6 1 9 5  
- . 7 4 5 9 6 9  

. 0 8 1 7 1 2  

. 1 9 3 1 4 9  
- . 0 0 8 6 6 3  

. 1 2 8 6 2 7  

. 17 2 8 3 2  

. 1 9 2 3 2 5  

. 1 9 1 5 0 6  

. 1 9 6 3 4 7  

. 2 7 4 7 2 6  

. 3 2 1 4 8 3  

. 4 6 0 4 1 1  

T 

- 2 . 8 9 7  
- . 3 4 6  

- 1 . 8 1 2  
. 4 4 4  

- 6 . 1 2 7  
. 8 1 1  

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

Sig T 

. 0 0 5 8  

. 7 3 0 9  

. 0 7 6 5  

. 6 5 9 2  

. 0 0 0 0  

. 4 2 1 8  

. 0 3 2 9  

. 9 2 5 0  

. 17 2 3  

. 1 0 7 1  

. 1 4 0 5  

. 0 7 3 4  

. 0 7 0 3  

. 0 0 2 5  

. 0 0 1 0  

. 0 0 5 1  

. 0 0 3 3  
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Model 21(b}. 2SLS -Alcohol-Related Serious Crashes by AII-Theme TARPs 

Dependent vari able . .  Y H  -a l c  _crash 

L i s twi se De l e t i on o f  Mi s s ing Data 

Mul t ip l e  R . 8 9 8 2 6  
R Square . 8 0 6 8 8  
Adj u s t ed R Square . 7 3 9 7 0  
S tandard Error . 1 1 0 6 2  

Ana lys i s  o f  Variance : 

Regre s s ion 
Res i dua l s  

D F  

1 6  
4 6  

F = 1 2 . 0 1 1 8 3  

Sum o f  Squares 

2 . 3 5 1 8 6 6 3  
. 5 6 2 9 1 3 0  

Mean Square 

. 1 4 6 9 9 1 6 4  

. 0 1 2 2 3 7 2 4  

S igni f  F = . 0 0 0 0  

- - - - - - - - - - - - - - - - - - Variab l e s  i n  the Equat i on - - - - - - - - - - - - - - - - - -

Variable 

Y2a_a l l  
Y3_cb t s  
x4_unem 
x5_ncars 
x6_trend 
x7 feb 
x8_mar 
x9_apr 
x1 0_may 
x 1 1_j un 
x1 2_j ul 
x 1 3_aug 
x 1 4_sept 
x 1 5_oct 
x 1 6_nov 
x 1 7  dec 
( Cons tant ) 

B 

- . 0 1 5 0 2 8  
- . 0 8 4 5 2 8  
- . 4 1 6 0 8 5  

. 1 1 6 9 9 8  
- . 0 0 9 1 5 3  

. 0 5 3 6 8 1  

. 1 5 6 6 9 6  
- . 0 2 2 6 8 8  

. 0 8 4 0 0 6  

. 1 3 9 8 5 4  

. 1 2 9 444 

. 1 3 9 9 3 8  

. 1 5 1 8 9 0  

. 2 0 9 8 4 9  

. 2 3 8 2 8 2  

. 3 8 4 5 5 0  
1 2 . 3 6 7 8 5 8  

SE B 

. 0 0 9 3 6 9  

. 1 4 0 0 7 1  

. 1 9 2 6 1 0 

. 1 5 0 4 8 3  

. 0 0 1 5 7 0  

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

3 . 6 2 9 0 1 1 

Beta 

- . 1 7 2 3 6 8  
- . 1 6 8 2 3 6  
- . 2 1 3 1 4 5  

. 0 8 7 1 1 5  
- . 7 8 3 1 7 4  

. 0 6 8 2 7 5  

. 1 9 9 2 9 7 
- . 0 2 8 8 5 6  

. 1 0 6 8 4 4  

. 1 7 7 8 7 6  

. 1 6 4 6 3 6  

. 1 7 7 9 8 3  

. 1 9 3 1 8 4  

. 2 8 9 8 4 3  

. 3 2 9 1 1 4  

. 5 3 1 1 3 9  

T 

- 1 . 6 0 4 
- . 6 0 3  

- 2 . 1 6 0  
. 7 7 7  

- 5 . 8 3 0  
. 6 2 2  

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

Sig T 

. 1 1 5 6  

. 5 4 9 2  

. 0 3 6 0  

. 4 4 0 9  

. 0 0 0 0  

. 5 3 7 3  

. 0 4 3 0  

. 7 7 3 2  

. 3 0 5 8  

. 1 2 9 8  

. 2 4 5 0  

. 1 2 5 6  

. 1 0 1 5  

. 0 0 3 3  

. 0 0 1 9  

. 0 0 3 0  

. 0 0 1 4  
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Model 21 (c). 2SLS - Alcohol-Related Serious Crashes by Drink-Drive Adstock 

Dependent vari able . .  YH _al c_crash 

L i s twi se De let ion of M i s s ing Data 

Mul t ip l e  R . 9 1 4 2 8  
R Square . 8 3 5 9 2  
Adj u s ted R Square . 7 7 8 8 4  
Standard Error . 1 0 1 1 7  

Analys i s  o f  Variance : 

Regre s s ion 
Res idua l s  

DF 

1 6  
4 6  

F = 14 . 6 4 6 4 2  

Sum o f  Squares 

2 . 3 9 8 4 3 0 8  
. 4 7 0 7 9 6 8  

Mean Square 

. 1 4 9 9 0 1 9 3 

. 0 1 0 2 3 4 7 1  

S igni f  F = . 0 0 0 0  

- - - - - - - - - - - - - - - - - - Variables i n  the Equat ion - - - - - - - - - - - - - - - - - -

Variable 

Y2 d_dd_a 
Y3_cbt s 
x4_unem 
x5_ncars 
x6_t rend 
x7 feb 
x8_mar 
x9_apr 
x 1 0_may 
x 1 1_j un 
x 1 2_j u l  
x 1 3_aug 
x 1 4_sept 
x 1 5_oct 
x 1 6_nov 
x1 7_dec 
( Constan t ) 

B 

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

. 0 4 5 4 9 5  
- . 0 0 8 7 8 7  

. 0 5 9 0 6 9  

. 1 3 9 8 6 3  
- . 0 1 4 9 3 8 

. 1 0 0 9 7 5  

. 1 3 0 8 6 1  

. 1 2 8 1 1 4  

. 1 1 0 1 1 2  

. 1 1 4 3 9 6  

. 1 6 8 3 4 0  

. 1 9 3 9 2 6  

. 3 2 6 3 2 4  
1 0 . 9 7 5 3 0 5  

S E  B 

. 0 2 0 5 7 7  

. 1 3 1 6 5 5  

. 1 7 7 2 6 5  

. 1 4 1 6 3 3  

. 0 0 1 4 3 3  

. 0 7 9 4 9 0  

. 0 6 9 4 1 0  

. 0 7 1 7 1 4  

. 0 7 3 1 2 5  

. 0 8 3 1 0 2 

. 1 0 1 7 3 8  

. 0 8 3 6 1 1  

. 0 8 4 9 9 4  

. 0 6 3 8 6 5  

. 0 6 8 2 4 5  

. 1 1 5 1 0 4  
3 . 3 8 5 0 8 4  

Beta 

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

. 0 3 3 8 7 5  
- . 7 5 1 8 2 1  

. 0 7 5 1 2 8  

. 1 7 7 8 8 6  
- . 0 1 8 9 9 9  

. 1 2 8 4 2 7  

. 1 6 6 4 3 8 

. 1 6 2 9 4 4  

. 1 4 0 0 4 7  

. 1 4 5 4 9 6  

. 2 3 2 5 1 1  

. 2 6 7 8 5 0  

. 4 5 0 7 1  7 

T 

-2 . 7 7 1  
- . 3 5 0  

- 2 . 1 1 1  
. 3 2 1  

- 6 . 1 3 2  
. 7 4 3  

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

S i g  T 

. 0 0 8 0  

. 7 2 7 6  

. 0 4 0 2  

. 7 4 9 5  

. 0 0 0 0  

. 4 6 1 2  

. 0 4 9 8  

. 8 3 5 9  

. 1 7 4 0  

. 1 2 2 2  

. 2 1 4 3  

. 1 9 4 4  

. 1 8 4 9  

. 0 1 1 4  

. 0 0 6 7  

. 0 0 6 8  

. 0 0 2 2  
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Model 21(d). 2SLS -Alcohol-Related Serious Crashes by Drink-Drive TARPs 

Dependent variable . .  Y H  -alc -crash 

L i s tw i s e  De l e t i on o f  M i s s ing Data 

Mul t ip l e  R . 8 9 8 2 5  
R Square . 8 0 6 8 5  
Adj usted R Square . 7 3 9 6 7  
Standard Error . 1 0 9 8 9  

Analys i s  o f  Var i ance : 

Regre s s i on 
Res i dua l s  

DF 

1 6  
4 6  

F = 12 . 0 0 9 9 7 

Sum o f  Squares 

2 . 3 2 0 6 3 0 6  
. 5 5 5 5 2 3 1  

Mean Square 

. 1 4 5 0 3 9 4 1  

. 0 1 2 0 7 6 5 9  

Sign i f  F = . 0 0 0 0  

- - - - - - - - - - - - - - - - - - Variables i n  the Equat i on - - - - - - - - - - - - - - - - - -

Variable 

Y2 b_dd_T 
Y3 cbt s 
x4_unem 
x5_ncars 
x6_trend 
x7 f eb 
x8_mar 
x9_apr 
x 1 0_may 
x 1 1_j un 
x 1 2_j u l  
x13_aug 
x 1 4_s ept 
x1 5_oct 
x 1 6_nov 
x1 7_dec 
( Constant ) 

B 

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

. 1 4 0 6 4 5  
- . 0 1 0 0 7 1  

. 0 4 0 7 7 8  

. 1 5 5 9 2 3  
- . 0 2 0 0 5 9  

. 1 0 8 9 5 8  

. 1 2 4 4 0 9  

. 1 2 4 7 5 9  

. 1 3 7 2 0 2  

. 1 4 4 9 8 2  

. 2 1 0 7 9 5  

. 2 3 1 3 0 6  

. 3 8 7 3 6 7  
1 2 . 8 8 6 6 1 5  

S E  B 

. 0 1 1 3 7 9  

. 1 4 6 2 3 9  

. 1 9 2 0 0 4  

. 1 7 1 6 9 5  

. 0 0 1 5 0 5 

. 0 8 8 4 2 4  

. 0 7 8 3 3 4  

. 0 7 8 6 1 0  

. 0 7 9 5 0 3 

. 0 9 0 3 0 2  

. 1 1 9 5 8 9  

. 0 9 5 5 2 8  

. 0 9 7 0 2 9  

. 0 6 7 6 2 8  

. 0 7 7 4 1 0  

. 1 3 3 3 9 9  
3 . 6 3 4 3 9 8  

Beta 

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

. 1 0 4 7 2 2  
- . 8 6 1 7 1 5 

. 0 5 1 8 6 4  

. 1 9 8 3 1 3 
- . 0 2 5 5 1 2 

. 13 8 5 8 0  

. 1 5 8 2 3 2  

. 1 5 8 6 7 6  

. 1 7 4 5 0 2  

. 1 8 4 3 9 7  

. 2 9 1 1 5 0  

. 3 1 9 4 7 9  

. 5 3 5 0 3 0  

T 

- . 2 5 8 
- . 6 9 7  

- 2 . 2 2 4  
. 8 1 9  

- 6 . 6 9 2 
. 4 6 1  

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

Sig T 

. 7 9 7 6  

. 4 8 9 1  

. 0 3 1 1  

. 4 1 6 9 

. 0 0 0 0  

. 6 4 6 9  

. 0 5 2 5  

. 7 9 9 7  

. 1 7 7 2  

. 1 7 5 0  

. 3 0 2 3  

. 1 5 7 7  

. 1 4 2 0 

. 0 0 3 1  

. 0 0 4 5  

. 0 0 5 6  

. 0 0 0 9  
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Model 22(a). 2SLS -Alcohol-Related Fatalities by AII-Theme TARPs 

Dependent variable . .  Y1g_alc_fatal 

L i s twi se Delet i on of M i s s ing Data 

Mul t iple R 
R Square 
Adj us ted R Square 
Standard Error 

. 6 4 2 6 6  

. 4 1 3 0 2  

. 2 0 8 8 5  

. 3 5 2 5 0  

Ana lys i s  o f  Variance : 

DF 

Regress ion 1 6  
Res i dual s  4 6  

F = 2 . 0 2 2 9 3  

Sum o f  Squares Mean Square 

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

S igni f  F = . 0 3 1 9  

- - - - - - - - - - - - - - - - - - Variables i n  the Equat i on - - - - - - - - - - - - - - - - - -

Variable 

Y2a_a l l  
Y3 cbt s 
x4_unem 
x5_ncars 
x6_t rend 
x7 feb 
x8_mar 
x 9_apr 
x 1 0_may 
x 1 1_j un 
x12_j ul 
x13_aug 
x1 4_sept 
x 1 5 _oct 
x 1 6_nov 
x1 7_dec 
( Cons tant ) 

B 

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

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

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

. 3 2 3 2 5 8  

. 3 0 6 8 0 0  

. 6 7 1 5 4 3  
14 . 7 8 7 6 2 3  

S E  B 

. 0 2 9 8 7 3  

. 4 3 8 6 3 7  

. 6 1 3 3 7 5  

. 4 7 9 4 2 2  

. 0 0 4 9 6 9  

. 2 7 3 7 2 7  

. 2 3 9 4 7 0  

. 2 4 9 0 9 6  

. 2 5 7 3 8 9  

. 2 8 7 1 8 1  

. 3 4 6 5 4 2  

. 2 8 3 8 3 8  

. 2 8 7 6 4 7  

. 2 1 5 4 0 6  

. 2 2 9 9 04 

. 3 8 6 1 7 5  
1 1 . 5 4 7 9 0 6  

Beta 

- . 0 1 3 0 8 1  
- . 6 3 7 3 4 6  
- . 0 2 2 6 1 4  

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

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

. 2 4 9 6 8 5  

. 2 3 6 9 7 2  

. 5 1 8 7 0 0  

T 

- . 0 6 8  
- 1 . 3 0 5 

- . 1 2 9  
. 9 5 9  

- 2 . 5 7 9  
- 1 . 0 7 7  

. 5 2 2  
- . 7 5 6  

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

S i g  T 

. 9 4 5 9  

. 1 9 8 2  

. 8 9 8 2  

. 3 4 2 4  

. 0 1 3 2  

. 2 8 7 0  

. 6 0 4 4  

. 4 5 3 5  

. 1 8 8 3 

. 4 4 8 6  

. 5 7 4 2  

. 8 0 4 1  

. 8 9 5 8  

. 1 4 0 3  

. 1 8 8 6  

. 0 8 8 7 

. 2 0 6 8  
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Model 22(b}. 2SLS - Alcohol-Related Fatalities by AII-Theme Adstock 

Dependent variable . .  Y1g_al c_fatal 

L i s twise De let ion o f  Mi s s ing Data 

Mul t ip l e  R . 6 4 2 5 1  
R Square . 4 1 2 8 2 
Adj us ted R Square . 2 0 8 5 8  
Standard Error . 3 5 2 6 7  

Analys i s  o f  Varianc e : 

DF 

Regres s i on 1 6  
Re s i dua l s  4 6  

F = 2 . 0 2 1 2 5  

Sum o f  Squares Mean Square 

4 . 0 2 2 4 2 7 1  . 2 5 1 4 0 1 7 0  
5 . 7 2 1 4 4 4 2  . 1 2 4 3 7 9 2 2  

S igni f  F = . 0 3 2 1  

- - - - - - - - - - - - - - - - - - Variab l e s  i n  the Equat ion - - - - - - - - - - - - - - - - - -

Var i able 

Y 2 c_a l l  
Y3_cbts 
x4_unem 
x 5_ncars 
x6_trend 
x7 feb 
x8_mar 
x9_apr 
x1 0_may 
x 1 1_j un 
x1 2_j ul 
x13_aug 
x1 4_sept 
x1 5_oc t 
x 1 6_nov 
x1 7_dec 
( Cons tant ) 

B 

. 0 0 6 8 8 5  
- . 5 8 0 3 9 3  
- . 0 9 3 1 5 1  

. 4 7 8 1 4 3  
- . 0 13 0 9 1  
- . 2 9 8 4 5 8  

. 1 2 6 6 2 0  
- . 1 9 0 3 6 1  
- . 3 3 9 3 2 0  
- . 2 2 3 1 1 9  
- . 1 9 7 4 5 9  
- . 0 7 1 0 0 9  
- . 0 3 8 13 5 

. 3 2 5 3 5 2  

. 3 0 7 3 4 7  

. 6 7 5 7 2 9  
1 5 . 1 7 5 8 3 8  

S E  B 

. 0 7 1 0 6 9  

. 4 4 2 2 5 6  

. 6 2 6 0 4 8  

. 4 8 6 5 5 2  

. 0 0 4 9 0 4  

. 2 7 4 1 7 4  

. 2 3 9 7 2 0  

. 2 5 0 0 0 3 

. 2 5 2 9 2 9  

. 2 8 5 7 3 2  

. 3 4 7 1 7 0  

. 2 8 3 9 7 5  

. 2 8 7 7 9 3  

. 2 1 6 0 8 9  

. 2 3 0 1 0 6  

. 3 8 9 6 4 0  
1 1 . 8 5 3 8 0 0  

Beta 

. 0 1 4 9 9 4  
- . 6 4 5 9 9 1  
- . 0 2 6 6 8 5  

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

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

. 2 5 1 3 0 2  

. 2 3 7 3 9 5  

. 5 2 1 9 3 4  

T 

. 0 9 7  
- 1 .  3 1 2 

- . 1 4 9  
. 9 8 3  

- 2 . 6 6 9  
- 1 . 0 8 9  

. 5 2 8  
- . 7 6 1  

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

Sig T 

. 9 2 3 2  

. 1 9 5 9  

. 8 8 2 4  

. 3 3 0 9  

. 0 1 0 5  

. 2 8 2 0  

. 5 9 9 9  

. 4 5 0 3  

. 1 8 6 3  

. 43 8 9  

. 57 2 3  

. 8 0 3 7  

. 8 9 5 2  

. 1 3 9 0  

. 1 8 8 2  

. 0 8 9 6  

. 2 0 6 9  
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Model 22(c). 2SLS - Alcohol-Related Fatalities by Drink-Drive TARPs 

Dependent vari able . .  Y1g_a l c_fatal 

L i s tw i s e  Delet i on of M i s s i ng Data 

Mul t iple R . 6 4 4 6 5  
R Square . 4 1 5 5 7  
Adj us ted R Square . 2 1 2 2 9  
S tandard Error . 3 6 4 2 0  

Analys i s  o f  Var i ance : 

DF 

Regre s s i on 1 6  
Res idual s  4 6  

F = 2 . 0 44 3 0  

Sum o f  Squares Mean Square 

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

S i gn i f  F = . 0 3 0 0  

- - - - - - - - - - - - - - - - - - Vari able s  i n  the Equat ion - - - - - - - - - - - - - - - - - -

Var iabl e  

Y2b_dd_T 
Y3_cbt s 
x4_unem 
x5_ncars 
x6_trend 
x7 feb 
x8_mar 
x 9_apr 
x1 0_may 
x 1 1_j un 
x1 2_j u l  
x13_aug 
x 1 4_sept 
x1 5_o c t  
x 1 6_nov 
x1 7_dec 
( Cons tan t )  

B 

. 0 4 9 4 1 8  
- . 5 5 5 2 7 0  
- . 1 2 2 1 1 4  

. 8 4 3 5 1 1  
- . 0 1 2 9 1 6  
- . 2 57 9 4 0  

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

. 0 1 8 5 4 3  

. 0 5 2 8 2 6  

. 3 6 4 2 5 8  

. 4 0 4 5 3 6  

. 5 5 1 9 6 8  
1 8 . 5 4 5 7 3 0  

S E  B 

. 0 3 7 2 6 8  

. 4 7 2 5 2 3  

. 6 3 5 6 1 0  

. 5 6 6 6 4 8  

. 0 0 4 9 1 0  

. 2 9 0 1 0 3  

. 2 5 8 1 9 7  

. 2 6 0 4 3 7  

. 2 6 2 2 7 8 

. 2 9 6 9 3 5  

. 3 8 8 7 6 1  

. 3 1 2 3 1 5 

. 3 1 7 0 8 6  

. 2 2 4 1 3 1  

. 2 5 4 6 5 1  

. 4 3 2 6 0 3  
1 2 . 0 3 6 6 4 6  

Beta 

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

. 3 5 1 2 3 2  
- . 6 1 8 0 1 1  
- . 1 8 3 4 6 2  

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

. 0 1 3 1 8 9  

. 0 3 7 5 7 3  

. 2 8 1 3 5 3  

. 3 1 2 4 6 4  

. 4 2 6 3 4 1  

T 

1 .  3 2 6  
- 1 . 1 7 5  

- . 1 9 2  
1 .  4 8 9  

- 2 . 6 3 1  
- . 8 8 9  

. 7 8 2  
- . 9 7 9  

- 1 . 3 4 7  
- . 8 8 1  
- . 2 0 0  

. 0 5 9  

. 1 6 7  
1 . 6 2 5  
1 . 5 8 9  
1 .  2 7 6  
1 . 5 4 1  

S i g  T 

. 1 9 1 4  

. 2 4 6 0  

. 8 4 8 5  

. 1 4 3 4  

. 0 1 1 6  

. 3 7 8 6  

. 4 3 8 5  

. 3 3 2 8  

. 1 8 4 7  

. 3 8 2 8  

. 8 4 2 1  

. 9 5 2 9  

. 8 6 8 4  

. 1 1 1 0  

. 1 1 9 0  

. 2 0 8 4  

. 1 3 0 2  
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Model 22(d). 2SLS -Alcohol-Related Fatalities by Drink-Drive Adstock 

Dependent vari able . .  Y 1g_a lc_fatal 

L i s tw i s e  Del e t i on of Miss ing Data 

Mul t iple R 
R Square 
Adj us ted R Square 
S tandard Error 

. 6 3 3 3 3  

. 4 0 1 1 1  

. 1 9 2 8 0  

. 3 6 6 7 5  

Analysis o f  Var iance : 

DF Sum of Squares Mean Square 

Regre s s ion 1 6  4 . 1 4 3 9 5 8 2  . 2 5 8 9 9 7 3 8  
Res idual s  4 6  

F = 1 . 9 2 5 5 2  

6 . 1 8 7 3 6 1 2  . 1 3 4 5 0 7 8 5  

Sign i f  F = . 0 4 2 4  

- - - - - - - - - - - - - - - - - - Variables i n  the Equa t ion - - - - - - - - - - - - - - - - - -

Variable 

Y2 d_dd_a 
Y3_cb t s  
x4_unem 
x5_ncars 
x 6_trend 
x7 feb 
x8_mar 
x9_apr 
x 1 0_may 
x1 1_j un 
x 1 2_j u l  
x 1 3_aug 
x1 4_sept 
x1 5 oct 
x 1 6_nov 
x1 7_dec 
( C onstant ) 

B 

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

. 5 4 0 2 4 3  
- . 0 14 7 7 2  
- . 3 4 6 8 8 8  

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

. 3 5 9 5 6 2  

. 3 1 5 9 5 3  

. 7 9 0 9 6 0  
1 7 . 3 1 0 8 3 3  

S E  B 

. 0 7 4 6 2 2  

. 4 6 8 7 6 5  

. 6 4 2 1 8 8  

. 5 l 3 3 7 2  

. 0 0 5 1 4 5  

. 2 8 6 437  

. 2 5 1 0 9 2  

. 2 5 9 6 8 6  

. 2 6 4 0 6 0  

. 2 9 9 0 8 5  

. 3 6 4 6 8 3 

. 3 0 0 8 3 8  

. 3 0 5 7 2 3  

. 2 3 1 5 2 5  

. 2 4 6 7 1 8  

. 4 1 2 1 4 9  
1 2 . 2 5 2 7 5 1  

Beta 

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

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

. 0 8 5 7 5 9  
- . 14 9 6 5 0  
- . 2 5 8 7 1 4 
- . 1 9 4 0 0 2 
- . 1 8 5 3 6 0  
- . 0 6 5 3 5 9  
- . 0 4 1 6 0 1  

. 2 7 7 7 2 6 

. 2 4 4 0 4 2  

. 6 1 0 9 3 8  

T S ig T 

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

- . 1 4 4  . 8 8 6 2  
1 . 0 5 2 . 2 9 8 1  

- 2 . 8 7 1  . 0 0 6 2  
- 1 . 2 1 1  . 2 3 2 1  

. 4 8 0  . 6 3 3 4  
- . 8 1 0  . 4 2 2 0  

- 1 . 3 7 7  . 1 7 5 0  
- . 9 l 2  . 3 6 6 5  
- . 7 1 5  . 47 8 5  
- . 3 0 5  . 7 6 1 4  
- . 1 9 1 . 8 4 9 l  
1 . 5 5 3 . 1 2 7 3  
1 .  2 8 1  . 2 0 6 7  
1 . 9 l 9  . 0 6 12 
1 .  4 1 3  . 1 6 4 4  
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